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INTRODUCTION

The overall goal of the contract is to provide general support and advice to the

Department of Energy, Office of Fossil Energy (DOE/FE) on the opportunities for coal and

Clean Coal Technology trade in the Asia-Pacific region. Dynamic changes are underway in a

number of Asian economies that will change the pattern and growth rates of coal use and the rate

of adoption of Clean Coal Technologies. This report provides an analysis of these changes, with

emphasis on strategic implications for U.S. government and industry policies and strategies.

The EWC Coal Project research strategy has been to develop long-term relationships with

senior people in the governments and utilities in the region in order to understand their planning

and decision-making process pertaining to the role of coal and the introduction of Clean Coal

Technologies. Development of this closer on-going working relationship provides valuable

insights into the energy policy process, and energy related investment opportunities in the

region. In addition, we follow the Asian press to understand evolving government and industry

views toward energy, and implications for both coal and Clean Coal Technology markets. The

EWC Coal Project also actively assists the U.S. Department of Energy in its role chairing the

APEC Experts Group on Clean Coal Technologies and periodic conferences.

The second main component of our research strategy is to ensure that rigorous thinking

and analyses are used in examining the information we collect in Asia. This ensures that overly

optimistic or pessimistic plans and projections of governments and utilities are recognized, and

more realistic assessments can be prepared. The program has developed considerable analytic

capability, particularly in the area of forecasting. The Coal Project maintains numerous

databases for Asia in the areas of coal production, consumption, trade, electricity generation,

the environment and technology, and economic growth indicators.

SUblM_ARY

The report which follows is divided into six subsections, each pertaining to separate

subtasks the U.S. Department of Energy requested. Subtask A includes two reports, one which

outlines important coal and clean coal technology news events which occurred during the second
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half of 1993, and another which outlines the potential for Clean Coal Technology in the Asia-

Pacific Region. Subtask B and the first paper in Subtask C contain advisories and briefing

papers that present and explain the coal, electricity and Clean Coal Technology situation in

China. The second paper in Subtask C is an overview of the coal supply, demand and trade

situation in the Asian region with coal projections to the year 2010. Subtask D is an overview

of meetings with Asian energy and policy representatives which were carried out to (1) gather

key information relevant to this contract, and (2) examine areas for closer cooperation on

important coal/CCT-related energy issues. The tasks listed in the contract proposal as Subtasks

E and F are summarized in respective sections of this report. Subtask E specifies the activities

carried out under the APEC Experts' Group on Clean Coal Technologies, and Subtask F

explains the work done by the Coal Project in building contacts and working relationships with

key energy and technology planners in China (including The State Science and Technology

Commission, the Ministry of Electric Power and Tsinghua University, and the State Planning

Commission). The Subtask E section also includes activities to develop and strengthen the role

of the APEC Experts Group on Clean Coal Activities.



EXECUTIVE SUMMARY

(1) Coal demand in Asia accounted for more than 75 percent of the growth in global coal

demand over the past decade, and is projected to account for 60-70 percent of world growth over

the 1994-2010 period. In total, Asia (including Australia) is nearly sufficient in coal supplies,

and most growth in demand is projected to be met by supplies within the region. Total coal

consumption is projected to increase from about 1.7 billion tons in 1994 to about 3.0 billion tons
a

in 2010.

(2) Coal related environmental problems are severe in some areas of Asia, with China facing

the most serious problems. China's share of Asia's total emissions is approximately as follows:

2/3 of the SO2 and 1/2 of the NOx and CO2. Even though the exact emission levels are uncertain,

the general level of emissions are highly likely to be correct. The conclusion is that China

cannot be left out of any serious plan to control the levels of coal related environmental

emissions in Asia. In China NO, and CO2 pollution is found predominantly in the most

industrialized eastern half of the country. However, most SO2 pollution is presently in the

southern half of China.

(3) There are a number of options for ameliorating coal related environmental problems in

Asia. Substitution to less polluting energy options (natural gas, nuclear, and hydropower) are

viable alternatives in selected areas, but have limited scope to fundamentally change the

magnitude of Asia's demand for coal and related environmental problems. Most major coal using

economies do not have competitive energy options to replace coal for base-load electricity

generation. This is particularly true for the lower income economies in Asia.

(4) The four main options for economies that will continue to rely on coal burning are (1)

use cleaner coal (lower ash and sulfur), (2) install more efficient coal burning equipment, (3)

- locate plants further from population centers (reduces groundlevel contamination) and (4)

installation of SO_ and NO_ control equipment (broadly defined here as Clean Coal

Technologies).

--



(5) Most coal users in Asia are relying on burning low sulfur coals and more efficient

technologies to meet stricter environmental standards. The higher total cost of SOx control

options (0.5-1.0 cents/kwh) are a deterrent to the installation of CCTs, particularly in the l_wer

income economies. In addition, there is less familiarity with these technologies in lower income

Asian economies and more caution toward their introduction.

(6) The long term market potential for CCTs in Asia is large, with high income economies

(Japan, Taiwan, and South Korea) the dominant markets during the 1990s, and China becoming

an important factor after "about" 2000. EWC Coal Project estimates are that about 20 percent

of China's total coal capacity could have high efficiency CCTs by 2010, the main market for U.S.

CCT exports. Under this scenario, China would become the largest user in Asia of CCTs by

2010. These estimates must be used with caution, because the CCT market has yet to develop

on a significant scale in China. It is possible that medium efficiency, lower cost CCTs, primarily

manufactured within China, will dominate the market, leaving a more limited market for imported

CCTs.

(7) Growth in electricity demand in China is expected to average at least 1,000 Mw per

month over the next 15 years, with most new capacity being coal-f'tred. The role of BOT power

plants is projected to be large, however this market has yet to develop on a large scale due to

differences over the more acceptable internal rate of return(IRR) on investments. Foreign

investors have been asking for an IRR of above 15 percent, whereas the Chinese have been

suggesting an IRR of 12 to 15 percent is reasonable. There is considerable confusion about the

exact methods to be used in setting the IRR.

(8) Both the Japanese and U.S. governments are anxious to obtain a share of the China CCT

market. However, the strategies of the two governments f_are different. The U.S. appears to be

emphasizing the most advanced CCTs(IGCC, for example), whereas the Japanese are focusing

on less advanced technologies that could be manufactured in China at lower costs. The Japanese

- approach needs closer examination, but appears to have considerable commercial merit.



(9) The issue of establishing special environmental technology loans needs to be examined.

Access to concessional loans for CCTs would accelerate this introduction.



Section 1

Subtask A-- Asia Coal and CCT
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AsianTrends

• The further reciucUon in coal prices during the first half of 1993 reflects the continued
existence of excess coal producing capacity and a sluggish worldwide economic recovery.
Steam coal trade in Asia is expected to double by 2000 because of the addition of an
estimated 160 GW of coal fired capacity, while coking coal demand is expected to remain
stagnant.

• Expansions in coal exports from Indonesia have contributed to increased competition and
:ower coal prices in Asia. Exports from Indonesia are expected to reach 20 million tons in
1993.

• Contractsteamcoalpricesdropped$I to$3/toninthefirsthalfof1993,andcokingcoal
prices,bothincontractandspotpurchases,decreased$l to$2/ton.

• Duetoenvironmentalconcerns,thereisa sh-ongpossibilitythatproposedandsomeexisting
coal-firedpowerstationsinmanyAsiancounh"ieswillbeequippedwithmoresophisticated
emissioncontroltechnologies.

• ThemarketforCleanCoalTechnologies(CCT's)inAsiawillincreasesubstantiallyafterthe
,,ear2000.InChina,a recentEWC CoalProjectstudyestimatedthatby 2010roughly20
percentofChina'selectricgeneratingplantsarelikelytorequirehighperformanceCCT's
tomeetSO+emissiongoals.Plantswithcapacitiesof50MW andabovearethemostlikely
CCT candidates.Also,majoropportunitiesexistinselectedChineseprovincesforbuild-own-
operate(BOT)powerplants,suchasarebeingbuiltby FlopewellHoldingsinGuangdong
province.

• As+,a'scontinuedelectricityshortage,whichisdue mostlytotherapidgrowthof most
economies,isa main factorinthedecisionby many countriestoallowforeignprivate
investorstodevelopatleastaportionoftheirelectricitycapacity.Increasingly,state-owned
powerutilitiesareallowingforeigninvestorstoestablishjointventureswithdomestic
companies or to establish wholly owned subsidiaries. The most common contract types for
theseinvestmentsarebuild-own-transfer(BOIDorbuild-own-operate(BOO)arrangements.

=
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Key Country Issues

Australia

• Export facilities are being improved to increa._ capacity in order to meet the rising demand
for Australian steam coal in Pacific Rim countries, particularly in Japan and South Korea.
Australian coal continues to be viewed as the largest stable supplier of compeutive coal in the
Asian region.

• CRA acquired controlling interest of Coal & Allied Industries, which is NSW's largest coal
exporter with ! l Mt/yr of output. CRA is now Australia's second largest coal producer and
exporter after BHP.

• A number of Asian companies and government organizations are investing in joint ventures
with Australian coal mining companies or, as in the case of some Japanese companies, are
acquiring mine projects outright.

China

• China is projected to accoun_ for over half of the CCT market in Asia in the 2001-2010
period. The CCT market potential appears largest in 7 heavily industrialized areas which
make up less than 7 percent of the total area of China. Coal is projected to account for 70
percent of China's electricity generation to 2010.

• China plans to export 35 Mt/yr of coal by 2000. However, potential imports to southern
= China could substantially reduce net exports.

• The Chinese government is expected to remove the 1.3 billion ($227 million) coal subsidy
to the China General Coal Corporation. The main objective of the price reformsis to close
the gap betweencoal demandand supply.

• The Chinesegovernment is negotiatingwith Australian miningcompaniesto jointly develop
coifing coal quality depositsto be exported to China. Stable domestic suppliesof good
quality coking coal appear insufficient to meet the projected growth in steel making capacity.

Honll Kon|

• Although Hong Kong's uti!itJes continue to sprez:: ",-d purchases among a number of coal
sources,the share of coal lower cost exponir .m'ies, including Indonesia,incr...-d
in 1992. Hong Kong's i: of higher cost U5 as been decreasing steadily or- -.
past few yeats.

I I
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• Although coal-fired power stations generated 97 percent of Hong Kong's power in 1992,
coal's share of total electricity consumption is expected to decrease in the near future due to
the start-up of a nuclear power plant and the impon of natural gas by pipeline. The gas will
come primarily from China's Hainan Island.

India

• Cu,"rentlevies on steamcoal imports, andpoor coal handlingand transport facilities, continue
to malce importing steam coal difficult for Indian utilities. The government had been
discussing the possibility of reducing the levy on steam coal imports, but instead chose to
retain the levies and continue to protect state-owned Coal India Lid (CIL). Domestic coal
suppliesconsistentlyfall shortof coaldemandin India.

• The Indiangovernmentopenedtheelectricitysectorto foreigninvestorsin Lgg2. Sincethen,
foreign investorshaveexpressedinterest in over40 powerplant projectswith 20 GW of
capacity.Thesepowerplantswouldbedevelopedunderjoint ventureagreementsandin the
eventthat all weredeveloped,wouldcostanestimated$16.1 billion.

Indonesia

• lndonesia'sgovernmenthas changedits recentpolicy that restrictedinvestmentsin most
remainingprospectiveareasfor coal to Indonesianfirms. Foreignfirms will onceagainbe
permir,_dto exploreanddevelopIndonesiancoalthroughcontractof workagreementswith
thegovernment.

• TheIndonesiangovernmentprojectsexportsof 20million tons in 10g3,a 36percentincrease
over 1992. Currently,sixty percentof productionis exported. Expom are projectedto
increaseto 36 million tonsin 2000.

• PerusahaanListrik Negam,PLN (Indonesia'$stateelectricitycompany),hashaddifficulty
arriving at an agreed elecuicity price with the consortium that will build Indonesia's first
privatelyownedcoal-firedpowerstation. PLN willbuytheelectricityfrom thepowerstation
and distributeit to the public.

• Beginning in 1993, the Indonesian government has begun to promote briquettes as an
alternativefuelfor householdsandsmall-scaleindustry.Thepriceisexpectedto becheaper
than thatof keroseneand firewood. Demandfor the briquettesis projectedto be in the
rn/llionsof tons.

=
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Japan

• With the commissioningof ._veraJcoal-firedpowerplants in 1993and theapprovalof a
largeeconomicpackageto boostpublicworks,Japaneseimportsof steamcoalare expected
cogrowmorerapidlychartpreviouslyexpectedfrom I993 to theyear2000.

• Japanesecompaniesconunueto investin foreignminingoperations,includingcoal-related
infrastructureand coal handling facilities.

• Japan is ac_.veiy developing new technologies as well as promoting e.,_r_ of its proven
Clean Coal Technologies. Technologiescurrentlyunderdevelopmentinclude bacterial
desulfurizationandproductionof low emissioncoal briquettes. Bacterialdesulfurizacion
involvesutilizingbactenato removeinorganicsulfur (pyrite)fromPC', -oal.

SouthKorea

• Consumptionof cokingcoalisexpectedto rise in thenero'futurefollowingtheexpansionof
PohangIronandSteelCompany'sproductioncapacity. KoreaisdiversifyingawayfromUS
low-volatilecoldngcoalto lowercostcokingcoal.

• Anthracite production in South Korea has been decreasing over the past 4-5 years.
q Production fell by 20 percent in 1992, from 15 Mt in 1991 to 12 Mt in 1992. The downward

trend is due mainlyto publicdemandfor cleaner,moreefficienthomeheatingfuelsandthe
governmentrationalizationpolicyfor Korea'scoalindustry(meaningremovalof subsidies).
The EWC Coal Project estimates thatKorea's coal productionwill fall to about6 Mt in 2000
and 3 Mt in 2010.

• Utilities will aaoDuntfor the majority of the 20 Mt of additional steam coal imports to South
Korea by the year 2000. Twelve new coal-fired power plants are planned each with a
capacityof500MW.

New Zealand

l

• In order to _ its pmdu_m of about 2 Mt/yr of coal, New Zealand'sstate-owned Coal
Corp has eMablisheda new joint venture called Greymouth Coal Co_on on the West
coastof New ZeslaM's South Island.

Philippines

• The Philippine power shortagecontinues with 13 of the country's 24 power plants being out
of commission.

lllI III I II I II IIII I I I
z
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• Steam coalimportscouldincreaserapidlyover the nexttwo decades,ifpower plants
proposedby Hopewe[l Holdings(a Hong Kong corporation)and the NationalPower

Corporation are built. Hopewell has obtained loans from Japan to build a 700 _ plant
which would begin operations tn 1996. Hopewell has also proposed building a 2 GW (4x500
MW) plant in the near future.

• Environmental objections are reportedly a major barrier to the expansion of coal-fired
capacity in the Philippines. Pressure from environmental groups has resulted in the
postponement of some coal-fired plants, and has resulted in the cancellation and replacement
of one coal-fired plant with a gas-fired plant.

Taiwan

• About 70 to90 percentofTaipower'scoalimportswillbe purchasedthroughlongterm
contractsoverthenextseveralyears.Taipoweriscontinuingitspolicytospreaditslong
termcontractsamong more suppliers.ImportsofcoalfromIndonesiatripledfrom 1991to
1992.

• Taipower has faced major difficulties in siting coal-fired stations due to environmental
objections. Because of these objections, two 750 _ units at Suao in northeastern Taiwan
may be delayed.

• Talpower will install FGD equipment in four of the five new units installed at the Taichung
power complex. The operation of the four units is scheduled during 1995-97.

_ Thailand

• The Electric Generating Authority of Thailand (EGAT) plans to involve the private sector in
electricity generation. The first power project with private involvement is likely to be a
lignite-fired plant at Mac Kant.

• The environmental aspect of power plant planning has greatly increased over the past year,
since the environmental accident at Mac Mob.

• Thailand's government provided up to 10 billion Baht ($397 million) to instal] FGD
equipment to units 8-11 at the Mac Moh lignite-fired power plant. Installation of the
technology will take about four years.

United States

_ • According to the National Coal Association, 1993 coal exports are likely to fall by 6.6
percent from the [992 export level. The organization cited the downward pressure on prices
and a slow worldwide economic recovery as the main causes.

I I I IIII I I I I Ill i •
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• Coking exports to Brazil may decrease up to 30 percent as the country is considenno
retaliation against the US imposition of punitive import surcharges for the alleged dumping

of low price steel on the US market.

• USX and Inland Steel will begin operating PCI systems in 1993. The companies will together
use about 2 Mt/yr of PCI coal.

Vietnam

• Vietnam is expecting to produce more anthracite in the coming years. Hongai Coal Company

projectsproductionof2 Mt/yrbeginningI994.

• CoalconsumptioninVietnamwillnotgrow as quicklyas previouslyexpecteddue tothe

expansionofhydroelectriccapacityinVietnam.Thisshouldfreemoreanthraciteforexports.

_- AsiaPacificCoal News 6 BiannualSummaryandOutlook
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AUSTRALIA 1

Production

• Aust.ralia'ssteamandcokingcoalexportsareexpectedto reach80Mt and70 Mt respectively
by 2000. Exports in 1993are projectedto increasea maximumof 5 percentover 1992
revels. Productionof bothsteamandcokingcoal totalled171 Mt in 1992. Asiacontinues
to be Australia's largestmarketled by Japan,SouthKorea,Taiwan, HongKongandIndia.
[IBJ 2/93 andEWC CoalProject]

• Shipmentsfrom BHP'ssevenAustraliancoalminesreached18.3Mt for thesixmonthperiod
endingNovember1992. Total revenuesincreasedto $1.2 billion, up 6.6 percentfrom the
sameperiodin 1991. The low relativevalueof the Australiandollarcomparedto the US
dollarwasthe primary reasonfor the revenueincrease.[AIM 3/93]

Queemlaad

• [demitsuKosanhasbegundevelopmentof theEnshamdepositin centralQueenslandwhich
is expectedto produce400,000 t/yr, dramaticallydown from the earlier projectionof 4
Mt/yr.

-- • The AustralianSupremeCourt'sdecisionin which [demitsuKosanwouldbe forcedto pay
Pacific Coal and Agipcoal $19.8 million each in compensationand damageswas overturned
by an appeals court. However, the appeals court upheld the Supreme Court's ruLingthat
Idemistu had made misleading claims in an attempt to obtain Agipcoal's interest in the
Ensham deposit mentioned above. IdemiLsunow owns 95 percent of the deposit. [ICR
2/19/93 and King's 4/15/93]

• Ponman Mining and a group of Chinese (PRC) investors hope to begin development of a
- joint venture at the Burton Downs mine in Australia. The open pit mine is designed to

produce2 Mt/ylrof coal. About60 per,'.entof the output is likely to be coking coal with the
remainderbeingPCIandsteamcoal.[ICR4/26/93]

=

• FullscaleproductionattheNorthGoonyelladepositinQueenslandisplannedduring1993.
Outputwillbe3 Mt/yrofhighqualitycokingcoal.[AIM MiningYearbook1993]

• The Barthrustcokingcoaldeposit,ownedby BHP AustraliaCoal,hasbeenadvertisedfor
saleorjointdevelopment.Thedepositcontainsabout300Mt ofhighqualitycoalreserves.
Thedeposit,locatedcloseto thecoastandfar to thenorthin Queensland,is wellsituatedto

illl i II I eli II L --
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exportcoal to the Asian market. However. the deposit may be subject to claims from local
Aboriginal groups. [ICR 6/I 1/93]

New South Wales

• CR.A succeeded in taking over Coal & Allied Industries, which is NSW's largest coal
exporter with I I Mt/yr of output. The control of Coal & Allied will make CRA Australia's
secondlargestcoalproducerandexporter_ter BHP. This moveplacesCRA in a strong
competitivepositiontogaina largershareof theanticipatedexportgrowthin theAsiaPacific
region.['ICR 4/19/93]

• The Hunter Valley Corporationintendsto developa newopenpit mine at MountOwenin
Queensland, and Coal and Allied plans to expand its Hunter Valley mine to 4 Mt/yr of
production. If these two projects go ahead, it is expected that up to 100 million tons of coal
could be produced from the mines. [King's 1/21/93]

• The Boggabrideposit, which is wholly ownedby Idemistu Kosan, is likely to produce
150,000-250,000tonsof coalin its first year. IdemitsuboughtBoggabrifrom BHPAustralia
CoalandAgipcoalin 1991. [ICR 2/19/93]

• Oakbridgesteamcoalminesin theHunterValleyintendto increasecapacityfrom 9.3 Mt/yr
to 13 Mr/yr. CyprusCoal of theUS tookover40 percentof the Oakbridgeprojectfrom
Australia'sMcIlwraith Mining. Cyprusis alsointerestedin purchasingthe sharesof some
of the Japaneseinterestsin the mines. TheJapaneseshareholdersare Tomen(25 percent)
andNipponOil (23 percent). [ICR 4/5/93]

• AfteracquiringI00 percentownershipof anundergroundmineat Dartbrookin NewSouth
Wales'sUpperHunter Valleyfrom AustenandButta,Shellwill developthemineat a cost
of $240million. Shell expectsto produce3.5 Mt/yr of coalat themine. [King's 4/29/93]

Trade

• It is estimated that on average, every one cent drop in the value of the Australiandollar
implies an extra A$O.70/ton price increase. Thus,with the 127 Mt of total expom in 1992,
producerswould have theoreticallygainedan additionalprofitof about A$87 million (US$60
million) due to the weak Australiandollar in 1992. _CR 1/8/93]

• According to the AusUalian Bureau of Agriculture and Resource Economics(,*,BARE),
: Australia'stotal exports of coal are expectedto grow by 20 percent to 151 Mt by 1997-98.

World thermal coal exports are projectedto increase by 34 percent between 1992-93 and
1997-98. However,cokingcoaltradeis expectedto declineslightly overtheperiod.[AIM
3/93]

_
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• AustraJia achieved a new record of 127 Mt of coal exports, but growth of production declined

from 13.4 percent in I991 to 5.3 percent in 1992. Producers expect a t_rther slowdown in
1993 because of current excess coal capacity in countries such as Indonesia and South Africa.

[Mining Magazine 3/93 and AIM 3/93]

• ABARE expects total Japanese steam coal imports to reach 49.5 Mt in 1993 which is a 3 Mt
increase over 1992 imports. ABARE expects this trend to continue with imports rising to 86
Mt over the next ten yeats. ABARE predicts that AustraJia will maintain 65 percent of the
Japanese steam coal market through the next decade due to its competitive advantages in costs
and coal quality. [ICR 218193]

• Australian coal producers accepted a $2.55/ton FOB price reduction from Japanese utilities.
Chubu Electric which acted as the lead negotiator in the contract talks was able to negotiate
and set a base price of $36.25/ton FOB for 6,700 kcallkg coal. [King's 2/I 1/93]

Transportation

• The SouthCoast producers,a groupof NSW mining companies,havedecided to expandthe
Port Kembla coal loader throughputcapacity from the current 15 Mt/yr to 20 Mr/yr. The
cost will be around A$15 million (US$10 million). Also there are plans to upgrade
Dalrymple Bay in North Queenslandto a capacityof 26.5 Mt/yr from thepresent22.5 Mr/yr.
_CR 3/8/93 and ICR 4119193]

• The GladstonePort Authority of Queenslandplansto expand the existing Clinton Facility to
provide30 Mt/yr of throughputcapacity. The port operates two export piers:Clinton Coal
Facility which shipped 18.3 Mt in 1992 and Barney Point. When the project is completed
in the secondhalf of 1994, the Clinton Facility will be the world's largest coal export

terminal. ['[BJ2/93]

Power Generation

• Asea Brown Boveri and the stau5governmentof Western Australia are discussingwhetherto
build a 680 MW coal-fired stationadjacent to the Collie coal field or to ins_l gas-fired
capacity.The coal-f'ms/plantwouldcost$1.8billion.[King's2118193and King's2125/93]

Compuies and Foreign Investment

• Negotiationsare being held betweenChinesegovernmentofficials and CRA Ltd. regarding
a possible joint development of the Hail Creek deposit in MacKay, Queensland. Chinese
officials have contacted most of the producers in the Bowen Basin region to seek possible
investments in Australian coidng coal mines. [King's 3/4/93]

w __ i
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• The Queenslandstategovernment ts promoting foreign investment in the coal mining sector.
In 1992, the governmentdisclosedits plan to removeexplorationrestrictionsand announced
a two-stage release program covering 300.000 square kilometers of Central Queensland.
[King's 4/22/93]

Technology

• At present, the Australian power industry has limited interest in Clean Coal Technologies
(CCTs), and is unlikely to invest heavily in CCTs in the 1990s. Electric utilities have been
able to meet emission standards through a combination of using lower sulfur coal and locating

power plants away from population centers. [EWC Coal Project, 1993]

• Coal-fired power capacity is projected to increase from 22.4 GW in 1990 to 30 GW and 38
GW in 2000 and 2010 respectively, however, it is expected that the CCT market in the 1992-
2000 period will be less than 3 GW and about 5 to 10 GW in the 1992-2010 period. [EWC
Coal Project, 1993]

I
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Production

• HandancityinHebeiprovince,oneoftheChina'sI0 largest coalproductionbases,plansto
expanditsproductioncapacityfrom20 Mrdyrto24.6Mr/yr.Fourcoalminesscheduledfor
construcuonare:theWutongzhuangmine($40million,1.2MUyr),theDashucunmine($42

million,0.9Mt/yr),theYangdongmine($47million,0.9MUyr),andtheBeilizhuangmine

(1.2MUyr). Averagecoalspecificationsare6,000-8,000Kca//kg,1.2to2.Ipercentsulfur
contentanda relativelylow ashcontent.[ChinaDaily5/[0/93]

• The Chinesegovernmentopeneditsfirstnationalcoalexchangewiththepurposeof[inking
miningcompaniesconcentratedinChina'sinteriorwithconsumerslocatedinthecoastal
areas.The purposeoftheexchangeistohelpbalancecoalsupplyanddemand andeliminate

thelargefinanciallossesbroughtaboutbyblackmarketcompetition.[MiningMagazine1/93]

• The Chinesegovernmentplanstoadjuststatecoalpricestocorrespondtoprevailingmarket

prices.The government'sfirststepinfreeingcoalpriceswillbe tocuttheannualsubsidy
ofRmb 1.3billion($227million)totheChinaGeneralCorporation.Energyministryofficials

believethatallowingmarketpricesto prevailwillhelpreachthe goalof 1.5Bt coal

productionby 2000.[FEER 4/1/93]

• The ChinaNationalCoalCorporationwillliftpricecontrolson 57 percent(190Mt) ofits

totalcoalproductionin1993.[New ChinaQuarterly5/93]

• The HuameiCoalWaterMixtureTechnologyCenterattheBeijingCoalWaterMixturePlant

hasbegunoperations.The mixture,composedof65 percentcoalpowder,34percentwater

and one percentadditive,isusedasa substituteforcrudeoil.The planthasanoutputof
250,000tonsperyear.[ChinaDaily3/2/93]

• A $690roLl.lionopen-cutminenearthecityofShuozhouinShanxiprovinceinNorthChina
isexpectedtobeginproductionbytheyear2000. Thisminewillmake Shuozhouthesecond
largestcoal_ucer intheprovinceafterDatong.Totalproductionwillbe60 Mt/yr.At

present,thecityhasdeveloped251 mines.[ChinaDaily3/22/93]

• Coalproductionincreasedto 1.09:5Btin1992up 32.4Mt from 1991. Coalproductionis
forecast to reach 1.25 Bt by 199:5and 1.5 Bt by 2000. [ICR 3/9/93]

• ChinaNationalCoalCorporation,whichproduces370 milliontonsofcoalannually,will lay
off400,0(X)ofits3 millionworkersby 199:5.The company willobtaina $2billionloanto
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diversify itself into servia-oriented subsidiaries in an effort to absorb some of the laJd-off
workers put out of work by the closing of 30 coal mines. [FEER I/7/93]

Trade

• The China National Coal Export-lmport Corporation (CNCEIC) plans to increase exports by
2 Mt/yr over the next decade. The CNCEIC's goal is to export 35 M_yr by 2000. in
FY1993, the CNCEIC accepted a $21ton FOB price reduction on coking coal and $2.5/ton
FOB on soft and somi-soft coking coal in its contracts with Japaneseconsumers. [King's
3/18/93]

• JapanesecoalimportsfromDatong,China,forfiscal1993/94,areestimatedat3.0Mt. There
isa 7 percentreductioninpricesforFY 1992/93.ThecoalwillbeimportedbyJapanese
power itiesandcementmanufacturers.[ICR4/19/93]

• Minmetals,a state-runChineseexport-importcompany,deliveredatestshipmentof20,000
tonsofcokingcoaltoBrazilrecently,andplanstoshipanadditional40,000tonslaterthis
year. China is anticipatingsignificantexports to Brazilian steel makers in the future. Trade
relations between Brazil and the US, the largestcoal supplierto Brazil, are strained due to
Brazil's alleged dumping of low price steel on the US market. [ICR 6/I 1/93]

• For the first time, China has released a list of coal export and import data. The figures for
1992arepresentedbelow.

China's Coal Trade in 1992
i iiii i i i i ii i i itl)l imHi

Anthracite Coking Steam/Other Total
(Mt) (Mr) (Mr) (Mr)

IIIIII I I I

Export 2.0 3.7 13.9 19.7

Import 0.8 0.4 - 1.2

Export-lmpon 1.2 3.3 13.9 18.5

[ICR3/19/93]

Transportation

• Chinaplanstoexport25Mt ofcoalby 1995and35 Mt by2000.A new raillinebetween
DatongandtheportofQinhuangdaohasbeenbuiltandathirdphaseoftheQinhuangdaoport
expansionhasbeencompleted.Thesefacilitieshaveanannualcapacityof75Mt whichwill
increase to I00 Mt afterthe fourthphaseof the port expansionis completed in 1994. [Mining
Magazine 6/93]
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• As menuonedabove,anotherberthwith a capacityof 30 Mt will be addedto the port
facilitiesat Qinhuangdao.Theport, locatedin Hebeiprovince,handled63 Mt coal in 1992.
Sixtypercent(12 MUyr) of thecounty's total coalexportsgo throughQinhuangdao.[New
China Qu,wterly2193]

Power Generation

• AlthoughChinaispromoungtheuseof energyadtemauvesin powerpla_ts,coalisprojected
to conunueto accountfor approximately70 percentof China'selecmcity marketto 2010.
Theshareof coalconsumedin theelecmcitysectorincrea.tedfromabout20 percentin 1980
to 29 percentm 1990. This figure is projectedto increaseto about40 percentm 2000 and
toatleast50percentin2010.[EWC CoalProject4193]

Chins's Projected Electricity Capacity and
CoaJ-Fired Electricity Capacity

• The Htumen8bti'n_omd PowerDevelopmentCorpoudonplansto add8,000-12,000MW
of thermalpower_ty by 2000. Two newplantswill bebuilt andsomeexist_gplants
will be expanded.The totalcostof theseprojectsisestimatedat $7.0 biUionwhichwig be
Fma_codtoo=flyby foreignsources. Huanen| is a pioneerin utilizingforeign fundsto
developpowerprojects.[ChinaDaily 5/31/93]

-

• In 1993,57 largeandmediumsizedpowergeneratorswiththecapabilityof producing11.4
GW per hourwill beginoperation. It is estimar_ that generttin| capacitymustincrease73
percentin orderto meetprojectedelectricitydemandin 2000. Thegovernmentiscurrendy
a_mpting to attr_tmoreforeigninvestmentfordevelopingthermalandhydroelectricpower

= plants. [China Daffy 4/29/93]
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• Wing Merill, a US based company, reportedly has agreed to build coal-fired power stations
with a combined capacity of 1.4 GW in China's Henan province. The project will cost an
estimated $500 million. [FEER 3/18/93]

• The Shajaio C power plant (3x660 MW coal fired-units) is now under construction and is due
for start-up in 1995. The units are being built under a BOT agreement with Hong Kong
based Hopewell Holdings. [ICR 6/11/93]

, Companies and Foreign Investment

• The Export-Import Bank of Japan will provide a $400 million loan as pan of a larger $6
billion energy loan package to China. The funds will be used to develop the Shenfi_-
Dongsheng coal mine in Shanxi province and Inner Mongolia. The loan funds will also be
used to import advanced equipment. Total investment in the mine will be more than $5.26
billion of which $2 billion will be foreign capital. [China Daily 4/17/93]

Environment and Technology

• Estimates of the potential size of the Clean Coal Technology market in China are highly
speculative. However, recent research by the EWC Coal Project, estimates that China may
become the largest user of Clean Coal Technology (CCT) in Asia after the year 2000. If this
occurs, there should be opportunities for foreign technology companies to penetrate 15-25
percent of the market including power plants built under BOT contracts. The primary market
for CCT's in China is for larger facilities (above 50-75 MW). [EWC Coal Project 4/93]

China's Potential Clean Coal Technology Market: 2000 and 2010'
, ,, ,,, , ,,,, , ,,, , , ,

Option Percent SO2 2000 2010

Reduction GW % of Market GW % of Market
[_- [ i I 7] ii ii i_ _ iiI i i i -_ ii _ iI i I

- Irnported CCTs2 > 80 13 7 65 20

Domestic CCTs 50-80 41 23 114 35

Low sulfur coal & fuel < 50 90 50 114 35
substitution

Coal controls 0 36 20 32 10

Total 180 100 325 100
,,,, |

' The EWC Coal Project estimates in this table are preliminary,and are only useful as a plausible
scenario for the Chinese CCT market.

2 A portion of foreign CCTs will probablybe manufacturedin China.
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, About40 to45 percentof China'selectricityconsurnprJonisconcentratedin sevengeographic
areaswhichrna_eup lessthan7 percentof thephysicaJareaof China. Thesesevenareas
areconsideredprime_rget aresfor CCTs. [EWC Coal Project4/93]

The seven_ whicham mostlikely to introduceCCT's

• Chinaplansto setstringentsafetysl_lacds on miningoperlfionsto counterthecountry's
risingminingrelateddeith tolls. Themwere51 rn,Norminingmishapsin 1992whichcaused
more thin 1,000 dem/ts. Coil mines in China employ more than7 million workers.
However,the implementationof effectivesifety stindardswill takedecades.[King's2/18193]
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HONG KONG
i i i ll| i ii iiii

:ll

Consumption

• An explosiontook place in the hydrogengeneratingplant at China Light and Power's Casde
Peak.oration,but the company reports thatcoal-fired units at CastlePeak A and CastlePeak
B power stadons were undamaged during the incident. Electricity generation was affected
for a shortperioddirecdy following the explosion,andalso later as a resultof precautionary
measures taken following the incident. Revision for Asia-Pacific Coal News July 1992
through December 1992. [China Light and Power Company' Ltd.]

• Two 350 MW coal-fired units owned by the Hong Kong Electric Company are schedu for

start-up before 2000. The Lamrna No. 7 unit will be completed by December 1995 _d the
Lamina No. 8 unit will come on stream by December 1997. These two units will consume
1.4 Mt/yr of steam coal. [World Coal 1/93]

]

• [n 1993, China Light and Power plans to purchase l0 Mt of steam coal under a multi-
sourcing policy. The expected suppliers are Australia (36 percent), South Africa (25
percent), China (16 percent), Indonesia (11 percent), and the US (3 percent). The remaining

- tonnages will be purchased on the spot market (about l0 per_nt). Coal specifications for the
Castle Peak power plant are 6,200 kcal/kg, 36 percent volatile matter, 14.6 percent total
moisture, 12 percent ash and 0.6 percent sulfur. [King's 5/6/93]

• China Light and Power plans to double its contract purchases with South African suppliers
to 3 Mt/yr. At present, the utility buys about 1.5 Mt/yr of South African coal. The coal will
be used at the 4. l GW C_tle Peak coal-fired power station served by a terminal capable of
handling two capsize vessels simultaneously. [King's 6/24193]

= • Total coal demand for Hong Kong's two utilities is expected to decline as a result of the start
up of the nuclmt power plant and the pipeline import of natural gas.

Hong Koq's F_timat_i Coal Demand (Mt)
-- - s_L_ l ill l

1993 1994 1995 1996 1997
Ill I I I I I

Hong Kong Electric 3.1 3.2 3.4 3.6 3.85
II I1!IIIm

- 1992193 1993194 1994/95
o,el

China Light and Power 9.2 7.9 7. | ii
i

-= [World Coal 1/93]

I
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• HighercostimportsofUS coaJhavedecreasedinHong Kong.Importsfrom_e US dropped
from440thousandtonsin1991to350thousandtonsin [992.andno US coalpurchases
werereportedinthefirstsixmonthsof 1993.ThisdecreaseinUS importsreflectsa trend
towardrespondingtomarketforcesratherthanstrategicconsiderationsinmakingcoaJ
sourcingdecisions.[King's6/17/93]

Power Generation

) ChinaLightandPower's(CLP)proposaltobuild6.000MW ofcoal-firedpowercapacity
on theHong Kong mainlandhasbeenchanged.Now CLP planstoinstaJJa 2.500MW
combinedcycledgasturbineplant.The plant,whichisexpectedtobeginopera,oninthe

. mid-1990s,willimportgasfromChina'sHa[nanislandoffshorefieldundera 20 year
contract.Hong Kong'sfuturecoalconsumptionisprojectedby theEWC coalprojectto
growslowlyoverthenextdecade.['WorldCoal1/93andEWC CoalProject]

Environment

• HongKongElectric(HKE)willinstaJlFlueGasDesulfurization(FGD)equipmentalongwith
[ow-NOxburnerson itsnew coaJ-firedpowerstations.The firstFGD plantwillbe
commissionedinSeptemberI993ontheLamma No.6 unit.Currently,noneofHKE and
CLP'sexistingplantsareequippedwithFGD technology,howeverbothcompaniesburnvery
lowsulfurcoal.[WorldCoal1/93]

• Hong Kong'spublishedpollutionemissionstandardsforcoalburningarelistedbelow.

ii i ii ili iii in ii iilii i i

Pm'ciculm_ 125 mlVmJ

SO.z 200 mg/m3

NO._ 2,700 mg/mJ

__ Ash 16 percent max GAR _

SmokeDensity I Ringlemann_

Sulfur I percent maxGAR'
Ii ii iii i iii i i i ii

bj_i Su to 12 percenttotal moisture
2 Zero indicateswhim smokeemitted from the stackand 5 indicatesblack

smoke.
[World Coal 1/93]
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Technology

• Thecombinationof highincome(GNP/capita= SI6,._00in [99l), andthehighestpopulation
densitym Asia(5,182/kin:), haveprovidedtheeconormcbaseandincentivesto introduceand
enforcestringentenvironmentallegislation.Governmentregulationsarelikely to requireboth
90 percent removal of sulfur and a limit of I percent sulfur content coals. If these
regulationsare implementedas expected,they will eliminate the optionof usingonly low
sulfurcoalto meetenvironmentalregulations.[EWC Coal Project, 1993]

• China Light & Powerpresentlyburns low sulfurcoalwith an averageof 0.6 percentsulfur
and12percentash. Thenextcoal-firedplantplannedfor 1996will haveFGD andlowNOx
burners,t'EWCCoal Project, 1993]

• Hone Kong's total CCT marketis projectedin the rangeof [ to 3 GW between1992and
2000and4 to 6 GW between1992and2010. [EWC Coal Project, 1993]

i
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Production

• India's coal production increased from a level of L30.6 Mt in L982/83 to 238 Mt in [992/93
(an 82 percent increase). India's coal production target for FY 1993/94 is 249 Mt. The
Chairman of state-owned Coal India ltd. (CIL) expects that production will grow to 291 Mt

by 1996/97 and 367 Mt by 2001/02. However, demand for steam coal by southern India
utilities continues to outstrip Coal India's ability to supply dependable coal tonnages, and this
may result in pressure on the government to lift or reduce the substantial levy on steam coal
imports. [Mining Magazine 3/93 and King's 5/6/93]

• Coal India's Rajmahal open-pit mine in the sta_ of Bihar is being expanded. Output is
expected to rise from 5.0 Mt/yr to 10.5 Mt/yr in order to reach production targets set by
Eastern Coalfields Ltd (ECL). The turnkey project is being done by the Canadian
Commercial Corporation through Met-Chem, a Canadian engineering company. [Mining
Magazine 3/93]

• Six new coal mining projects were sanctioned by the Indian government. These projects are
expected to produce 1.8 Mt/yr of coal. The projects include the Padampur and Gondegaon
open pit mines of Western Coalfields Ltd., the Bakubla underground mines of Eastern
Coalfields Ltd., the Samleshwqri open pit mines of Mahanadi Coalfields, the Selated Dhori

open pit mines of Central Coalfields Ltd., and the Dudhichva open pit mine of Northern
Coalfields Ltd. [King's 3125193]

Consumption

• Two Indian steel makers, the Steel Authority of India (SAIL) and Visakhapamam, are seeking
government approval to import about 6 Mt of coking coal in 1993-94. SAIL is seeking
permission to import 4.5 Mt of coking coal and Visakhapatnarn is seeking permission to

- import about 1.8 Mt. However, the government has not yet made a decision on the request.
- [King's4/22/931
_

• SAIL postponedthe evaluationand award processof bids it receivedon a long-termcontract
for 2 Mt/yr of coking coal. Financialdifficultiesare the major factors impeding the decision.
Two purchasesin early and mid-1993 were financedby the World Bank. SAIL operatesfive

- coal-fired plants that consume 14 Mt/yr of coal, of which 4.5 MVyr is supplied by state-
owned Coal India and the remainder is importcxi from foreign suppliers. SAIL usually

purcha._s coking coal in 1.5 Mt lots on the spot market to meet coal demands. [King's
1/28/93 and King's 5127193]
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Trade

• Over the past year, India's government has been considenng the abolition or reduction of its
50 percent tax on steam coal imports. Recentl'. however, the government decided to follow
its previous policy of protecting state-owned .,al India Ltd., thus the import tax remains.
Because of this and the difficulties of securing credit lines in [ndia, steam coal imports will
be significantly limited until the policy is modified. [King's ,)129193]

Transportation

• Ennore in Southern India will beginthe construcdonof a new port facility for shipscarrying
up to 65,000 tons of cargo. The Asian Development Bank hasapproveda $200 million loan
for the project which is expected to be completed by [997. The new port will be able to
handle 8 Mt/yr of coal for consumptionin neighbonngpower stations. [King's 2/18/93]

• Inadequatepen facilities in Indiadiscourageany attempt by the utilities to import steamcoal
on a large scale. An exampleis a recentsolicitation from theTamil Nadu Electric Boardthat
required coal to be delivered in small handy size cargoes(35,000 tons). [King's 212:5/93]

• The Visakhapatnarnsteelplantput forth a plan to design,construct,commission,operateand
maintain a pen at Gangavaram outside its existing plant boundary. The plan entails
upgradingthe presentpon facilities to handle 4 Mt/yr of coal. Visakhapatnamis the newest
integratedsteelplant in Indiaand will reachits 3 Mt/yr full capacityoutput in 1995-96. [ICR
4119193]

Power Generation

• In 1992, India's power minister opened the power generation sector along with the
telecommunicationand petroleum sectorsto foreign and private Indian investment. The
packageoffered to investors includes a two,-pa_ electricity tariff, a guaranteed 16 percent
return on equity protectedagainst exchange-rate risk, and an average load factor of 68.5

_ percent. The potential investmentscover 40 projects totalling 20,000 IVrW of generating
capacityat a projectedcost$16.1 billion. [AWSJ Weekly 2/2193]

• Only three of the40 coal-fired power stationsmentionedaboveare in the developmentphase.
These are tim _ three projects listed in the table below. The other projects are still
undergoing feasibility studies. [ICR 3/19/93]

_ / I I I I lilt i i i ill Ill II iii
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Potential Investors for CoaI-F'tred Power Plants

Investors Capacity Location

(joint venture) (MW)

Cogenmc Inc. (U.S.) and GE (U.S.) t000 Mangalore, Karnataka

Mission Energy Co. iU.S.) and Ashok t000 Visakhapatnam, Andhra

Leyland Ltd. (India) Pradesh

National Power (UK_, and Jaiprakash 300 Mangalore, Karnataka
Industries Ltd. (India)

Chalais Holding (UK_ 300 Dharwar, Kamataka

North East Energy Services, NEES (US) t000 Chamalapura, Karnataka

NEES (US) 500 Raichur Stage V,Kamataka

Hok Intercontinental (US) 500 Hospet, Karnataka

International Contracung and Marketing t000 Cuddalore, Tamil Nadu

Corporauon (US)

Siemens, Deutsche Babcock, MAN GHH I500 Jayakomdan
Takraf (Germany), McNally Bharat

Engineering Ltd. (India), Tamil Nadu
Industrial Development Corporation (India)

Coleman Associates (Australia), Kalinga 240 Barsingsar, Rajasthan
Power Development Corporation (India)

.. Coleman Associates (Australia), Kalinga 500 Duburi, Orissa
Power Development Corporabon (India)

The Asian Wall Street Journal Weekly February 2, 1993 and [CR 3/19/93

• Singareni Coal and Neyvelli Lignite of Coal India Limited (ClL) obtained World Bank loans
: for several projects which total about $3.2 million for several coal mining projects which will

be developed before 1997. [King's 2118/93]

=

- Companies and Foreign Investment

• A proposed joint investment between the governments of India and China to deve|op Chinese
coking coal deposits is being considered. The Indian government hopes to import the Chinese

- coal to meet its growing coking coal needs. India currently imports 8 Mt/yr of coal from
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Australia and New Zealand. Such an investment in the near future appears speculative.
[King's2118/93]

Technology

• Environmentalproblemsassociatedwithcoalburninginthisheavilypopulatedcountryaxe
serious,howevermajorinvestmentsinemissioncontrolequipmenthaveyettobeundertaken.

Priorityinthe 1990sison thecontrolof particulateemissionsand increasingpower
generationefficiencies.The installationofFGD systemsisnota highpriority.The poor
qualityofIndia'scoal,andthesmallerscaleofmostpowerplants,suggestapotentialforthe
introductionofFBC technologies.ThetotalCCT marketisprojectedtobelessthan3GW
between1992and2000andin'herangeofI0to20 GW between1992and2010.These
estimatesaresubjecttoconsidcoleuncertainty.[EWC CoalProject,1993]
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Production

• The Indonesiangovernmentre-openedthe coal miningsectorto foreign investmenton
February23, 1993. Thechangein policyis dueto thestronggrowthin thedomesticcoal
market,highercoaldemandprojectionsfortheintermediateandlong-terms,andtheneedfor
capi_ investment.Coalreservesare primarilyconcentratedin WestIndonesiawhereover
90 percentof the knowncoalexists.[EWC Coal ProjectandPrijono1993]

• Accordingto the presidentof state-ownedPT BatubaraBukit Asam,coal productionis
expectedto growto 30Mt by 1995anddoubleto (30Mt by theendof thedecade.However,
accurateprojectionsof coalproduction,consumptionandtradeare subjectto considerable
uncenmntyat thisearlystageof coalexpansion.Given thiscaveat,annualcoalproduction
is estimatedby the EWC CoalProjectto jumpfrom 23 Mt in [992 to 50 Mt and80 Mt in
2000and2010respectively.Exportsareprojectedto increasefrom16Mt in 1992toroughly
25 Mt in 2000. [IndonesiaDevelopmentNewsQuarterlyWinter [993, [BJ2/93 and EWC
Coal Project93]

• Indonesiancoal productionis expectedto reach28 Mt in 1993. Exportsare expectedto
increaseto 20 Mt in 1993.[Prijono,t993]

• PT BatubaraBukitAsamhasreceiveda presidentialdecreeto issuenewexplorationlicenses
for Indonesia'sprivatenon-contractminingcompanies. Presently,thereare six private
Indonesiannon-contra=tminingcompaniessituatedaroundthe Mahakamriver in Fast
Kalimantan. Productionwas 1.5 Mt/yr in [990. These com_es are expectedto increase
output to about 3 Mt/yr by 1994. Coal mine operations in Indonesiaare divided into the
state-owned company, private Indonesian non-contract mining companies, and coal
cooperation contracts which are joint ventures between foreign and private Indonesian
companies. [ICR 3/19/93 and Mining Magazine 3/93]

• PT Adam's coal productionis projectedto double this year from 2 Mt in 1992 to 4 Mt in
1993. If the company's productiongoals are met, the mine's outputwill reach 20 Mt by
2000, and Adaro would become lndonesia's largest coal mine. [FEER 1/28/93]

• PT Beraubegan operationsat its l.aft mine in East Kalimantanwith initial productionof 0.5
Mt in 1993. Productionis expected to rise to 0.7-0.8 Mt/yr which, for the most part, will
be consumed by PLN's Paitonunits 1and 2 in EastJava. PT Berauis owned by Nisho [wai
(40 percent)andPT AstraInternational(60 percent).[ICR 318193]

_
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• PT Arutmin, a BHP Indonesiasubsidiary, is expandingits production into a third mine, East
Senakin_nKalimantan,which willproduce[.2Mt/yror"additionaloutput.[n [993,PT

Arutminplanstoexportabout4.5Mt ofcoaJcomparedto3.3Mt ofexportsin1992.The

companyisalsobuildingtwo washenes:oneatEastSenakinand theotheratWestSenakin.
Thesenew facilitieswillreducethecoal'sashcontentto9-[lpercent.Typicalheatcontent
ofthecoalis6,?00kcal/kg.[ICR2/19/93]

• Envirocoal, produced by PT Adaro, sells for about $24/ton FOB on the international spot
market and$28/ton FOB in long-termcontracts, Specificationsare 5,900 kcaJ/kg, lessthan
0.l percentsulfur,one percentash,and 12percentmoisture.Many utilitiesworldwide
(includingtheUS) arepurchasingtrialshipmentsofthecoaltodeterminehow wellitcanbe
blendedwithhighsulfurcoal.[King's2/18/93]

• The Indonesiangovernment is promotingcoal briquettesas an alternative sourceof energy
for householdsand small-scale industry. Demand for briquettes is expected to be in the
millionsof tons becausethey are lower cost than keroseneor purchasedfire-wood. State-
owned coal producer PT Tambang BatubaraBuldt Asam plans to produce :500.0(Ot/yr and
three other private firms would also begin production. The use of briquetteswill be widely
introduc_ in 1994. This prosram is being carried out becauseof the government's concern

I toreducethegrowth inliquidfuelconsumptionwhich willmake thecountrya netoilimporterby 2000.[TheJakartaPost:5/5/93]

• Dependingon theprocessingmethod and theplantsize,briquetteproductioncostsvary
betweenRpl:5:5and RplS'7/kg($0.0'7and $0,09/kg).At currentcoalprices,briquettes,
whichhavea calorificvalueof5,000kcaJ/kg,areexpectedtosellatRp220/kg($0.Ii/kg).

ThispriceiscompetitivewiththesubsidizedkerosenepriceatRp350/l($0.1'7).Kerosene
hasa calorificvalueof I1,000kcal/kg.[NEDO 3/93]

• PT'MultiHarapanUtama,,a jointventureofNew Hope Indonesia,FT Asminco and the

RisjadGroup willincreaseproductionto2.5Mt/yrby developinga new coaldepositclose
toitspresentmine inFastKalimantan.CurrentproductionatitsDesa Bukitmine is1.5
Mr/yr.[King's613/93]

Consumption

• Power generatimlplants,cementplants,and paperand pulpmillsaccountforthemajority
ofdomesticcomJdemand whichis5-6Mr/yr.Demand isprojectedtoincreaseto9 Mt inthe

mid 1990s,due tothestart-upofthePaitonland [Iunits(2x400IV{V_,and theexpansion

oftheSemen CibinongandSemen Gresikplants.Consumptionwillincrea_againinthelate
1990swhen severalnew power plantsareexpectedtocome onsuream.[IBJ2/93]

i
, ii i i

Asia Pacific Coal News 24 BiannualSummaryandOutlook



Trade

• ExportsfromKaltimPrima,ajointventurebetweenBHP andCRA, were7.3Mt in1992
whichis3 Mt aboveoriginalestimates.Thecompanyexpectsoutputtoreach8.5Mt in
1993.[ICR2119/93]

Transportation

• PT Adaro revised its plan for the coal port facility in Pulau Laut. Stage l was re-configured
as a shorterpier-large panamax facility ratherthan a full length deep-water pier for large
capesizeships.Thischangereflectsmoreemphasistowardthedomesticmarket.Adarowill
supplythecoalforthetwounitsofPT PzitonEnergybeginningin199:5undera3 Mt/yr30-
yearcontractagreement.[ICR3/8/93]

• PT BukitAsamdevelopedthreecoalportfacilitiesinSumatra.ThefacilitiesincludeTarahan
inLampungprovince,KertopatiatPalembanginSouthSumatra,andTelukbayuratPadang
inWest Sumatra. The companyhasalsoconstructeda 400 km railtrackfromthe
TanjungenimminetoTazahananda 200km trackfromTanjungenimtoKertopati.The
TarahanportisusedprimarilytoshipcoaltotheSuralayacoal-firedpowerstationinWest
JavaandtheKertopatifacilityisusedtoexportcoaltoThailand,Japanand Malaysia.
[Kompas6/10/93]

Power Generation

• Indonesia's Investment CoordinatingBoard approveda joint venture company, PT Pa/ton
Energy Co. to build two 610 MW power stations at Paiton in East Java. The consortium
consists of Mission Energy BV (Netherlands),GE (U.S.), Mitsui (Japan)and PT Batu Hiram
Perka.sa(Indonesia). However, some uncertaintiesexist concerning the price thatPLN (the
State ElectricityCompany) will pay PaltonEnergy for its power. PLN charges the customers
in Rupiah and Pa/ton Energy will have to repay the loan in US dollars. [AWSJ Weekly
3/8/93]

• GEC Alsthom of France plans to construct two 100 MW generators at Ombilin in West
Sumatra. Tim coal-fired power plants, which are scheduled to be completed by the end of
1996, reportedlywill cost $372 million. [WarmEkonomi 4/19/93]

• Indonesia's currentelectricity consumption is 31.5 trillion Watt-hours and the Indonesian
- governmentprojectsconsumption to reach 112.9 trillion Watt-hoursand 197.6 trillion Watt-

hours by the end of 1999 and 2004 respectively. These projections, however are optimistic
and assume a growth rate of almost about 15 percent per year over the 1993-2004.
Indonesia's installed electricity capacity was 9,200 MW in 1991. The above consumption
estimatescould be met only by increasingpower plantcapacity to 25.9 GW and 41 GW by
t999 and2004 respectively.[Editor6/12193]_
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Companies and Foreign Investment

• The Korea-lndonesia Resources Development Co. invested $142 million in a coal mine at
Pasir in East Kalimantan with a capacity of 2.3 Mt/yr. In 1993, plans to export 1 Mt to the
Korean Electricity Power Corporation (KEPCO). In the future, production is expected to rise
to 4 Mt/yr. The mine has proven reserves of 455 Mr. [AIM 4/93]

• Endesa of Spain may take over a 20 percent share in PT Adaro which is presently held by
Endesa's sister company Enesa. PT Adaro is likely to accept the proposal since Endesa is
the company's largest customer. [ICR 4/5/93]

• The Mitsui Mining Company bought 20 percent of the Petangis steam coal deposit in Balik
Papan Indonesia. The mine, developed by PT Kendilo Coal (owned by BHP Minerals), will
extract 1 Mt/yr of coal mainly targeted to Japan. Coal characteristics are: 6,700 kcal/kg,
11 percent ash, 0.8 percent sulfur and 41 percent volatile matter. [ICR 4/19/93]

Environment and Technology

• Indonesia's emission air quality standards for stationary sources, spelled out in Ministerial
Decree No. Kep-02/Men KLH/I/1988: Environment Quality Standard Establishment
Guidelines are shown in the table below.

Emission Air Quality Standards for Stationary Sources

Parameter Standards Note
High Medium Low

Sulfuric acid mist or Sulfur 0.2 0.25 0.3 g SO3/Nm 3 from gas emission
trioxide mist or both

i Nitrogen oxide (NOx) 1.7 4.6 4.6 Clear gas emission g/Nm3

Carbon monoxide (CO) 1.0 1.0 1.0 g/Nm3

Solid particle 0.4 0.5 0.6 g/Nm3

• Indonesia is an unlikely candidate for the early introduction of CCTs for the following
reasons: (1) oil and gas accounts for the majority of total electricity generation; (2) Indonesia
has ample reserves of low sulfur coal and substantial reserves of natural gas; (3) power plant
expansions are well below the growth in demand, and this encourages investments in natural
gas plants that can be brought into production more quickly than coal; and (4) The state
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uulity (PLN')hasseriousconstraintson availablecapitalandis reluctantto makemajor
investmentsin FGDequipment.[EWC CoalProject,I9933

) CoaJ-firedpowercapacityisprojectedtoincreasefrom1.8GWin 1991to9GW in2000and
22GW in :010. ThetormCCT marketis projectedat lessthan4.GW between1992and
2000andlessthan8 GWbetweenI992and20L0.[EWCCoalProject,L993]
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JAPAN
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Consumption and Imports

• Japan's Central Electricity Council, in its medium-term energy outlook, estimates that coal's
share of the total electricity generated in Japan will rise to over 20 percent by 2002. The
increase will be the result of the start-up of new coal-fired facilities. [ICR 4/19/93]

• Imports of steam coal will increase from 36 Mt this year to 81 Mt in 2000. As stated above,
the increase is the result of the start-up of several new coal-fired power stations before the
year 2000. [ICR 4/26/93 and EWC Coal Project, 1992]

• Japan's steam coal imports will increase significantly in 1993. Three new power plants with
1,315 MW of capacity will account for additional coal imports of 2.7 Mffyr. The projects
include a 600 I_W unit at Tohoku's Nodal No. 1 plant and a 700 _ plant at the Hekinan
complex. [ICR 2/19/93]

• Nippon Steel led a consortium of Japanese steel makers in renegotiating a 5 Mt/yr coking coal
agreement with Siberian coal producers. It was agreed that the contract volume was more
than the Russian suppliers could produce without additional investment in mines and
equipment. Thus, the contract tonnage will be reduced to 3 Mr/yr. [King's 1/7/93]

• Japan's Electric Power Development Company (EPDC) purchased increased tonnages of coal
from South Africa in 1992 at a price reduction of $2.50/ton. ToW shipments were 780,000
tons, up 60,000 tons from 1991. EPDC operates seven power plants that consume l0 Mt/yr
of coal. [King's 1/28/93]

• Tohoku Electric Power's coal demand will increase to 1.3 Mt/yr following the completion
of a 600 _ unit at its Noshiro plant later in 1993. [King's 3/18/93]

• Chubu Electric plans to import about 400,000 tons of coal from South Africa and 400,000
tons from Indonesian suppliers for use at its Hekinan power station in 1993. [King's 5/20/93]

Power Generation

• Japan plans to add 32 coal-fired power plants with a total capacity of 18.9 GW by the year
2000. This additional coal-fired capacity will consume about 36 Mt/yr of coal. The Japanese
government recently approved a $165 billion economic package to assist in the financing of
public works. Part of these funds would be used for the development of up to 10 coal-fired
power plants. [ICR 4/26/93]
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• KyushuElectricPower's7(30MW ReihokuNo. Istationwillcome on lineinJuly,1995.
OtherunitsatReihokuwillbecomeoperationallaterinthisdecade.Presently,Kyushu

operatesthreecoal-firedpowerplantsthatconsumeabout2 Mt/yrofcoal.When Reihok-u
unitNo.Ibecomesoperational,KyushuElectnc'scoalconsumpuonwillbeabout.3.4Mr/yr.

[King's5/2"//93]

Foreign Investment

• [demitsu'sEnshamsteamcoaldepositinAusu'aliawillbescaleddown fromthepreviously

plannedcapacityof4.5Mt/yrtoabout900,000t/yr.[ICR4/26/93]

• MitsuimininghasincreaseditsshareintheLiddelljointventureinAustraliafromI0percent
to2'7.:5percent.The venture,whichproducessteamandsemi-softcokingcoal,is[ocar_i
inNew SouthWales'HunterValley.[King's4/8/93]

• Kanematsu,a Japaneseinvestor,purchasedI0percentintere.stinAum-4Ua'sMetxopolitan
Colliery,a subsidiaryof Denehurst,forabout$2.8million.Kanematsualsoagreedto
provide Metropolitan with $23 million in credit and to act as a marketing agent in seeking
new customers. [King's 6/24/93]

Environment and Technology

• The New Energy and [ndustritl Technology Development Organization(NEDO) is the key
implementing allency of the Japanese government for Clean Coal Technologies. NEDO is
examining options to promote the transfer of CCTs to developing countries - particularlyin
Asia. [EWC Coal Project 93]

• The Central Rexm'ch Instituteof Japan's electric power industryreportsthe use of bacteria
to remove sulfur from coal before it is burned in thermal power plants and steel furnaces.
The de_lfurization process entails pa_in| pulverized coal throush a water tank fuU of
bacteria. Relmttedly, this process can remove 80 percent of the inorganic sulfur (pyrite
particles) in just two to three minutes. The technology is still in the development stage. [IJlJ
2/93]

• A new type of anthracitecoalbriquette hasbeen_ntroducedby MatsushitaElectricIndustry.
The new briquett_ reportedly release only one-fifth of the carbon monoxide and one-
hundredthof the sulfuric acid producedby regular charcoal. [King's 4/8/93]
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SOUTH KOREA

Production

• Korea's anthraciteproductiondecreasedby 20.5 percent from 15.1 Mt in 1991 to 12.0 Mt
in 1992. The EWC Coal Projectestimatesthatcoal productionwill fall to roughly 6 Mt in

=

2000 and 3 Mt in 2010. Production has been declining steadily since 1988, and the
downward trend is mainly due to lower demand resulting from the Korean consumers'
preference for cleaner, more efficient fuels, and the government's rationalizationpolicy
(removal of subsidies). All bituminouscoal is imported. [Korea Energy Review Monthly
i/93 and EWC Coal Project]

Consumption

_ • Pohang Iron and Steel Company Ltd. expects to consume 22 Mt of coal in 1993. Of that
tonnage, 2.5 Mt will likely be PCI coal. Pohang wants to limit its US coal imports to 3
percent of total volume and diversify purchases among other suppliers. [King's 5/27/93]

• KEPCO's (South Korean Electric Power Company) coal demand will reach 12 Mt/yr in 1994
if its two 500 MW units at Poryong and its 500 MW unit at Sanchanpo meet targeted start-up
dates. If the company's long term expansion program to construct 12 new coal-fired power
plants by 2006 is met, demand will increase to 19 Mt/yr in 1995 and 27 Mt/yr in 2000.
[King's 1/7/93]

• KEPCO signed an eight-year contract to import up to 2.5 Mt/yr of steam coal from South
Africa. The price will be $28/ton in 1993, but future prices will be negotiated annually.
[King's 5/20/93]

' • While Korea's total coal consumption (42 Mt) in 1992 decreased 8.0 percent from 1991, its
total steam and coking coal imports rose 4.7 percent to 29.2 Mt. Coking coal accounted for
16.4 Mt of imports and steam coal accounted for 12.8 Mt. [Korea Energy Review Monthly
3/93]

• After adjusting for stocks, Korea's total steam and coking coal consumption was 26.4 Mt in
1992. 14.3 Mt were consumed by the iron and steel industries, 6.4 Mt by electric utilities,
4.4 Mt by the cement industry and I. 1 Mt by other users. [Korea Energy Review Monthly

_ 3/93]
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• In 1992, 79 percent of Korea's _thracite was used as a space heating fuel by households and
the commercial sector, while electric utilities and the industrial sector consumed 17.4 and 4

percent respectively. [Korea Energy Review Monthly 3193]

Power Generation

• Twelve new coal-fired power pia.nts in Korea with a total capacity of 37 GW axe expected
to come on line by 2006. This extensive program is expected to cost $63.5 billion. KEPCO
may face considerable difficulty, in funding this i.,rogram, and may depend, to some degree,
on foreign investors and power companies to achieve its goals. [King's I/7/93]

Foreign Investment

• Korea'sSamsungCompanyentereda joint venture with Clutha of Australia. Samsungowns
50 percent of the Springvale Colliery mine. The venture plans to export up to 600,000 tJyr
by I996. The mine will also to supply the New South Wales government with 2 Mt/yr of
steamcoal for 20 years beginningin 1993. [ICR 318193]

Environment and Technology

• SouthKorea plans to decreasemaximumallowable sulfur emissionsfrom the present700 ppm
to 270 ppm by 2000. KEPCO plansto meetthese standardsby installing FGD equipment
on all new and possiblyall existingcoal-fired power plants. [EWC Coal Project, 1993]
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Production

• The state-ownedCoal Corporation of New Zealand, the largestcoal producerin the country,
produces2.0 - 2.5 MUyr of coal. The measuredresourcesof coal in New Zealandare 600
Mt of bituminouscoal and 7,000 Mt of lignite. [Mining Journal 6118193]

• GreymouthCoal Corporation, a new joint venture(Coal Corporation - 33 percent, the Todd
Group - 18 percent, and a Japanesecompany-18 percent) is consideringthedevelopmentof
a mine on the West coastof New Zealand's South Island. The mine's outputwould most
likely be exportedto Japan. Mine capacitywould be about 500,000 t/yr. Greymouth .,so
plans to develop a coal handling facility at the site. [Mining Journal 6/18/93 and Mintng
Magazine 6/93]

/
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Production

• Domesticcoal productionin the Philippinesis about L.5 Mt/yr but the coal hasa high
moisturecontentandlowcalorificvalue. Productionlevelsareexpectedto remainstagnant
in the future. TheEWC CoalProjectprojectsproductionincreasestoabout4.0 Mt/yr could
occurwithina decadefar shortof thegrowthin coaJconsumption.[King's5/20/93]

Consumption

• ThegoalofthePhilippineNationalPowerCorporation(Napocor)isforcoaltomakeupat
LeastL2percentofthecountry'stotalenergymix. Currently,coalcontributes2.6percent
ofThe Philippines'totalenergyneeds.By theyear2000,demandforcoalisprojectedto
be L4Mr/yr.Presentconsumptionis4 Mr/yr.Thesurgeindemandwillbedue,mainlyto
thegovernment'senergyplaninwhich6 GW ofcoal-firedcapacityisplanned.[King's
314193& EWC CoalProject]

Power Generation

• The severePhilippinepowershortageproblemhasincreasedwith the shutdownof the 300
- MW CalaccaI plant. Thirteenunitsof thenation's24 powerplantsareoutof commission,

andgeneratingcapacity.isdownby morethan1,000MW. [King's3/18/93]

- • The Philippineswill receivea $500 million loan fromJapanto financenewpowerplants.
An estimated$430 million in additionalloansand grantsare neededto carryout the
government'spowerexpansionprogram.[FBIS3/16/93]

• Progressonthe200 MW CaJacca[I stationin Bar_ngas,scheduledtocomeonstreambylate
1995, has been halted. The Japanesegovernmentthrough the OverseasEconomic
CooperationFundwill not releasea promised$320 millionin fundinguntilmid-February

- becauseof objectionsfromanenvironmentallobby. The 600 MW coal-firedMasinlocplant
in Zambaleswhichwill cost$662millionis alsosubjectto delayfor similarreasons.[FIU
CountryReport2ridquarter1993- Philippines]

- • The InternationalFinanceCorporation(IFC) andtheAsianDevelopmentBank(ADB) have
grantedHopewellEnergyLtd. a $1:50millionloanto developa 700 MW coal-firedpower
plantontheQuezonprovinceSouthof Manila. Twootheragencies,theJapanExportImport
BankandtheUS Export Import Bankwill lend$335 millionand$185 millionrespectively
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for the project. The plant which has a total cost of $880 miUion is expectedto begin
openuonsby L996. However,s_-up maybedelayedbecauseof environmentalobjecuons.
[EIU CountryReport2ndquarter1993- Philippines]

• Hopeweilhasproposedbuildinga 2,000 MW (4x500 MW) plant in the Philippines.[ICR
6/11/93]

• Major power projects will be jeopardized if the IS-centavo (0.6 US cent) per kilowatt hour
rate increase proposed by Napocor is not approved by the Philippine Supreme Court. The
court's decisioncouldaffect thedevelopmentof the 700 MW Pabilaocoa/-firedplantwhich
will be builtby HopewellEnergyLtd. whichis mentionedabove._BIS 4t2/93]

• The Mindanao(200 _ andSua/(900_ coals=tionsarescheduledfor commissioning
ir _x)6197. ['ICR6/11/93]

Technology

• The Philippineswill negotiatewith the Japanesegovernmentto obtain fundsunder the Green
Aid Plan for the constructionof a 1(30MW demonstrationplant with sulfur removal
technology.[FBIS 5/5/93]

• Them are no plans to add FGD equipmentto coal-fu'edpower plants in the 1990s.
Significantuseof CCTsisunlikelybefore2000. Althoughdelaysinpowerplantconstruction
areoftenattributedto environmentalconcerns,theNationalPowerCorporationis reluctant
to introduceFGD becauseof theaddedcosts.[EWC CoalProject, 1993]

= /
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Production

• In 1992, Taiwan's coal production was an insignificant0.3 Mt while imports grew 25 percent
to 23 Mt. Coal production has been declining since 1984 following the removal of subsidies
for domestically produced coal. Taiwan's coal production is now virtually non-existent. [EIU
Country Profile 1993/1994- Taiwan]

Consumption

• Taiwan Power Company (Taipower) plans to secure 70 to 90 percent of its coal needs
through long term contracts. It plans to consume about 14 Mt in 1993, to 14.6 Mt in 1995
and 22.9 in 2000. There will be only small increases in imports to 1995. The completion
of Taichung units 5-8 in 1995-97 will increase import demand to 18-19 Mt/yr by 1997. [ICR
3/8/93 & King's 5/20/93]

• Long term contract tonnages (5-7 years) recently awardedby Taipower were split between
four countries - Indonesia, Australia, South Africa and the US. The contract tonnages
average about 0.5 Mt/yr per supplier. No price datawas released. [ICR 5/17/93]

Power Generation

* Plans are underway to privatize Taipower. Talpower operates six coal-fired power stations
and three nuclearpower plants with an estimated worth of $7.7 billion. The utility will be
put up for sale in 1994 at the earliest. ['King's 2111/93].

• Taipoweroriginally plannedto install 5,500 MW of new coal-fired capacity at its Taichung
powercomplex,howevertheprojecthasbeenscaledbackto 2,950MW becauseof
"environmemalobjections'. The five units thatwill be built will have FGD technology built
in. About 2,200 MW of coal-fired capacity in the complex has been equipped with FGD
technology. [ICR 6/11/93]

e Two 750 MW units at Suao are planned as pan of a four unitcoal-fired station. Only the
first unit is expected to be operatin_ by the year 2000. The second unit is expected to begin
operation in 2001. However, Taipower may encounter problems in securing site approval
at Suao. Serious delays in approval can result in a Taipower decision to build a gas.fired
station instead, as wu the case at Hsinta where four planned550 MW coal-fired units were

= cancelled due to siting problems. [ICR 6111/93]
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• Coal-fired power capacity is projected to increase from _,GW in 199l to |0 GW and 16 GW
in 2000 and 2010 respectively. The CCT market is projected to be 5-8 GW between [992
and 2000, and I0-14 GW between 1992 and 20[0. [EWC Coal Project, 1993]
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Production

• Ban Pu, one of Thailand's largest private mining companies has been awarded its third
contract worth $461 re=Ilionwith the Electric Generating Authority of Thailand (EGAT) to
mine lignite at the Mac Mob mine in Tha/land's Lampang Province for the next ten years,
[AIM 3/93& CoalProject,1993]

• BanPuplanstoincreaseitsown productionfromthepresent1.7Mt to3 Mt inthenextfive
years.The coalwillbe minedfromopenpitminesintwoprovinces- Lamphoonand
Lampang.[AIM 3/93]

Power Generation

• DemandforelectricityinThailandisexpectedtoincreaseaboutI0percentannuallyoverthe
nexttenyears.EGAT isplanningtoincreaseelectricitygeneratingcapacityfrom10,000
MW presentlytomorethan25,000MW by abouttheyear2000.The EWC CoalProject
projectselectricitygrowthata slightlylowerrateof 8-9percentperyearinthe1990s.
[AWS,IWeeklyI/II/93]

• ThailandisconsideringtheprivatizatJonofcertainpowerprojects.Thefirstprivateproject
islikelytobe a lignite-firedplantatMac Kham. The planneddesignconsistsoftwo
fluidizedbedboilersdrivingtwo 150MW turbines.[ICR6/II/93]

Environment and Technology

• A committeewillbe formedto setminimum environmentalstandardsforelectricity

generatin8plan_and tofindways tocontrolpowerplantemissions.Theseminimum
standards will first be applied at the Mac Moh lignite-powered plant which emits large
quantities of sulfur dioxide. [F.nvironmentalNews Briefing 12/92]

_

• The government is providin8up to l0 billion 8aht ($397 million) to ins_l FGD systems at
_ the Mac Mob lignite-firedpower plant in the northernprovinceof Lampang. The complete

installationofFGD equipmentmay takeuptofouryears.[EIUCountryReponNo.11993-
- Thailand]
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• At the invitation of the Thai government, a seminar on Clean Coal Technology will be held
in Thailand in September 1993. The Seminar is under the APEC Experts' Group on Clean
Coal Technology. [EWC Coal Project, 93]
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Production

• TheUnitedStates'NationalCoalAssociationestimatesthatUS coalproductionin1993will
beabout900 Mt. However,totalexportsareexpectedtodecline6.6percentfrom 1992
exports.Seaborneshipmentsareestimatedat29Mt ofsteamcoaland50MtofmetaJlurgical
coal.[King's2118193]

• A jointventurebetweenCyprusCoalandUS SteelMiningwilloperateUSSM'sCumberland
coalmineanddevelopreservesownedbyCyprusintheGreenecountyareaofsouthwestern
Pennsylvania.Eachpartywillown anequalshareinthenew venture.Thecompanieswill
own a 20 yearsupplyofruinablesteamcoalwithitscoalreservesinCumberlandandthe
adjacentCyprusdeposit.The Cumberlandmineproducedabout3.5Mt ofsteamcoalin
1992.['King's1/21/93]-

Consumption

• US coalconsumptionin 1993is expectedto remainstagnantat aboutthe 1992level. Coal-
fired utilities are projected to bum 721 Mt in 1993; 8.2 Mt above the 1992 level.
Metallurgicalcoalusewillremainconstantat30.8Mt. Industry,residentialandcommercial
usewillalsoremainatthe1992levelof74.4Mr.[MiningMagazine3/93]

• USX andInlandsteelwillbeginoperatingPCI systemsin199:3.USX expectstoutilize
637,000tonsoflowvolatilematterand0.7percentsulfurcoalasPCIcoalin1993.In1994,
Inlandwillconsume600,000-8(}0,000tonsofPCI coal.[nland'sfacilitywillburnhigh
volatilemartin'coalaveraging6,116kcal/kgand0.7percentsulfur.Othercompanieslikely
toinstallcoalinjectionequipmentareBethlehemSteelandL'IV.[ICR2/8/93]

• MississippiPowerreceived69,000tonsofPT Adaro'sEnvirocoalfromIndonesiainearly
March,199:3.The 0.Ipercentsulfurandonepercentashcoalwillundergotestingatthe
company'sDanielplant.ThecompanycurrentlyreceiveslowsulfurcoalfromWyoming's
PowderRiverBasin,butcompanyofficialshaveindicatedthatthepriceoftheIndonesian
coal makes it _ attractive alternative source. [King's 3/11/93]

• Jacksonville Electric Authority may purchase steam coal from South American suppliers.
Steam coal is currently purchasedfrom Ashland Coal's Hobet mine, but mine workers are_

_ presently oll strike. The utility received about 600,000 tons from the Hobet mine in 1992.
The price c_fthe South American coal is being negotiated. [King's 5/20/93]
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Trade

• US coal exports in I992 were 82 Mt (30 Mt steam and 52 Mt coking coal) which represented
an 8 percent drop from 1991. The National Coal Association forecasts that steam coal
exports will decrease further in 1993 to 29 Mtwith coking coal exports decreasing to 5l Mt.
The reasons given were the slow worldwide economic recovery and competition from low
costproducer'-[IBJ 2193]

• Exports of cc._.ng coal to Brazil may decrease as much as 30 percent this year as Brazil is
preparing to retaliate from the US imposition of punitive import surchargesfor the alleged
dumpingof steelon theUS market. Brazil importsI I Mt/yr of coalof which50 percentis
importedfrom theUS. Brazil'sothermajorsuppliersare Australia(22 percent)andPoland

percent).[ICR 2/8/93 andKing's3/18/93]

• avenge ," ff western US coal in the Asia-Pacific region is expected to decrease about
•rcentin The 1992FOB pricewasin the rangeof $41-$43/tonwhichrepresents
/ton drop rn 1991prices. Westernproducersate alsoexperiencingsignificantprice

_;:ssure withinthe US. [King's 2/4193]

• The export volume of US east coast portsdeclined from 61.9 Mt in 1991 to 56.4 Mt in 1992.
Countriesthatimportedlesscoal from eastcoastpons includedItaly, the Netherlands,the
UK Belgium,Brazil, Spmn,Denmark,andGermany.[ICR 2/19/93]

• T,.._ coalexportsfrom all US portsdecreasedsignificantlyin 1992to 78.9 Mt from 88.3
Mt tn 1991. Bothsteamandcokingcoalsharedthe samevolumedecreasesSoughsteam
coalrepresenteda higherpercentagedecrease.[ICR 3/8/93]

• Japan'sSumitomoCo. purchasedPCI coalfromSanbornCreekin Coloradowhichisowned
by PacificBasinResourcesandBearCoal. The pricewassetat $39.80/t FOBin 1992with
38 percentvolatilematter,8 percentash,8.5 percentmoisture,0.5 percentsulfur,anda
12,000Btu/lb(6,672 KcaJ]kg)hemcontent.[ICR 1/8/93]

• US cokeimportscouldremainat 1.8to 2.7 Mt through1995becausenonewcokeplantswill
be built. The la,'lestsupplierswill mostlikelybeJapanandAustralia.[ICR 2/8/93]

Transportation

• TheproposedPortof LosAngelescoalterminalis in the finalstageof itsconstructionstart-
up. Plannedcapacityis 15 Mt/yr, but it will begin with a capacityof 2.2 Mr/yr. The
consortiumwhichfinancesthe port'sdevelopmentis madeupof investorsfrom the US (51
percent)andJapan(49 percent).[ICR 2/19/93]
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• The port of Anchorage, Alaska will be expanded to serve the expected increase in Alaskan
coaJproducuonwhichisforecasttooccurbymid-decade.As much as13Mt/yrofcoalis
expectedto beavailablefor exportto Asianmarkets.[King's L17193]

• The Clinton administrationis planningto lncrea.seuser-feeson the US inlandwaterway
system(clomesucriver systemsand intercoas_ waterways). The plan caJlsfor a phased
increaseof $1 from thecurrentinland wate_ay fee of about L9centsper gallonor"diesel
fuel consumption.[King's 5/6/93]

Companies

, Conso[ purchasedIsland Creek coal company in April, 1993. The merger brings together
two of the three largest low.volatilematter me_lurgicad coal producersin US. The
combinedoutputof thetwo companieswill be65 Mt/yr, closeto thatof Peabody,thelargest
US producer,whichproduces82Mr/yr.[King's4115/93and[CR 4119193]

• SeveralUS companiesreportedgainsinoperatingprofitsdespitea slowdowninsales
volumes.Mas,_y'sprofitswere$80.3millionin1992comparedto$60.7millionin1991.
Ashlandshowedaslightincreaseinprofitsfrom$56.4millionto$58million,andPit'tston's

profitswere$36.9millionin1992comparedtoanoperatinglossof$84millionin1991.
[ICR2/19/93]

• The UMW stokeintheUS causedpricestoincreaseandsuppliesofcertaintypesofcoalto
be scarce. The effect on export has been smaiJso far but recently su'ikes in some Peabody
export mines have caused expom of low volatile matter coldng coal to decrease. Sweden's
SSAB has recently replaced coal normally purchasedfrom Peabody with coal from another
suppliers. _CR 6/25/93]

• Peabodyreporus/lyis no longerinteresuKIin the acquisitionof Naricualcoal mine in
Venezuela. It will, however, continueto exploreotherVenezuelancoalassets. Peabody
hasbeenactivein acquiringequityin foreignminesoverthepastyear.[King's3/18/93]

Environment and TechnololLY

• Tampa F..lectricCompanyis operatinga 260 _V lntegrauxlGa.sificationCombinedCycle
('[GCC) general_rl|planL The systemis equippedwith hot Ills clean-up(HGCL0 and
conventionalgas clean-up(CGCU) technologies. The systemwiU be usedto u_t the
efficiencyof syngascleaningand is expectedto remove96 percentof thesulfurpresentin
thecoal._ 2/93]

• The Tennessee Valley Authority has set up a 10 MW demonstration facility to test the
applicabilityof gas suspension absorptionin Flue Gas Desulfurizationusing high sulfur US
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coals. The unit is designed to remove up to 90 percent of sulfur dioxide in the flue gas. [IBJ
2/93]

• There are two compliance options under the Clean Air Act for companies operating coke
plants. One applies to those plants planning to close by 2003 or earlier, and the other for
companies willing to keep their plants operating beyond 2003. The options and emission time
table are shown in the table below. [ICR 2/8/93]

US Emission Time Table
IIII' ' ' IIII I I II I I

1993 MACT (mild) deadline for companies to
close coke plants before 2003

1995 MACT deadline for companies planning to
stay in operationbeyond 2003

2003 LAER (intermediate)deadline for compa-
nies postponing highest "residual risk" level
of compliance until 2020

2003 "Residual risk" deadline (stringent) for
companies not meeting LAER standard

2020 "Residual risk" deadline for all remaining
coke plants

[ICR 2/8/93]

i ii i i i, i
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Production

• Vietnam's HongaiCoal Company is developingminingprojectswhich are expectedto
produce2 Mts'yr of anthracitetargetedfor both domesticand export markets. The
commissioningis plannedat theend L993[[BJ2/93]

Trade

• Vietnam's state-owned coal trading company, CoaJimex, exported 1.6 Mt of anthracite Ln
L992andexpectsexportsto increaseto 2 Mt in 1993. Thecompany'smajorcustomersare
Japan,SouthKorea,WesternEurope,Brazil andthe Philippines.[IBJ2/93]

• Vietnam'sspotmarketexportsto Japanhavebeenfallingrecently. TheJapaneseindustries
thatuseanthracitehavebeenscaringbackbecauseof theJapaneserecession.[King's4/8/93]

• Coalimexmadeanoffer of $29/tonFOBfor thesaleof itsanthraciteto Japanesebuyers,but
sourcesestimatethat .Iapanesebuyerswill requirea $2-$3/ton price reduction. The
anthraciteis reportedlyused mainly by the Japaneseglass industry and by briquette
producers.[King'sI121/93]

• A Koreanglasscompanyboughttwohandy-sizeshipmentsofspotVietnamsteamcoalinthe
$28/tonFOB range.Theheatcontentofthecoalwas5.600kcaJ/kg.[King's3/[8/93]

Power Generation

• Domesticdemandforcoalhasfallenwiththe largeexpansionof hydroelectriccapacity(L,920
MW) in northernViemam. Excesscoalisbeingexported.[EWC Coal Project93]

• Vietnam'sMini.soTof Energyisconsideringtheadditionof newcoal-firedgeneratingunits.
ThePhal_i plantin theNorthanda newplantin theSouthhavebeententativelyconsidered
asbuild-own-operate(BOO)projectswith200-600MW of capacity.However,theexpansion
of hydroelectricandgas _ity, could delay major increasesin coal use for electric
generationfor a decadeor more. [ICR 6/I L/93andEWC CoalProject,93]

• Viemam's present coal-firedcapacityof about0.7 GW is not expectedto increase
significantlyduring the 1990's(a maximumof 1.0GW by 2000, increasingto 2-3 GW by
20LO). After 20L0, growthin coal-firedcapacitycouldbevery rapidas hydroandnatural
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gas reserves are expe,ct_ to be fully committed. The CCT market is projected to rem,._n
quite small over the 1993-2010 period. [EWC Coal Project. 93]
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WORLD

Production

• Worldwidesteamcoaltradeispredictedtoreach366 Mt by 20:X),and coidngcoaltradeis
expectedtodeclineto 159 Mt by theyear2000 accordingtotheAustralianBureauof

Agricultureand ResourceEconomics(ABARE). Steam coaldemand for PacificRim
countriesisexpectedtodoubleby 2000,reaching18'7Mt.The decreaseincokingcoaltrade
willbe causedmmnly by thewidespreaduseofpulverizedcoalinjection(PCI)technology
and depressedsteelmarkets.[King's2118/93]

Trade

• Seabornecoaltradeisexpectedtoreach2'75Mt in199.7and 320 Mt in2000. A majority
oftheincreaseinimportdemand isprojectedforPacificRim countriesnotablyJapan,South
Korea,TaJwanand Hong Kong. Europeisalsoprojectedtoaccountfora significantportion
ofseabornecoaltradegrowth.The growthinimportdemand willbe due primarilytothe
start-upofnew coal-firedpower plants.[Igl1/93]

• The seaborne thermal coal price decreased during the first quarter of 1993. The average
price of Australian thermal coal exports was $5/ton lower in March than in January, 1993,
and the gap between Australian and US coals has broadened. U.S. railroads have been
offering $2/ton rebates on freight in an attempt to maLntam export shipment volumes.

- [QuarterlyReviewofCommodity Markets3193]
--

• The chairmanof Germany'sKrupp FordertechnikforecastsEuropeancoalproductionto
decrease 25 percent in t993 and 50 percent by 2000. [King's 3/25/93]

31

- Transportation

• National Power and PowerGen of Great Britain have invested in import facilities with a
: capacity of 15 Mr/yr. The average price of British Coal ($61.00/ton) still far exceeds the

world market price even though suppliers to the above utilities have cut the price by 28
percent in real terms over the last five years. [IBJ 3/93]

I II I I ii i
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PowerGeneration

• Malaysia'sMinistryofEnergyisconsideringtheadditionofcoal-firedpowerplantsby2000.
A 600MW coal-firedplantatPortK.langisbeingconsideredforstart-upin1997/98.The
ministry,wouldliketoarrangea BOO orBOT agreementfortheplant.[ICR6/II/93]
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I. INTRODUCTION I

The Asia-Pacific economies discussed in this chapter consume substantial amounts of
coal for electricity generation and are potential important markets for clean coal technologies
(CCTs). In this chapter CCTs are def'medas those technologies that can substantially reduce
emissions of SO2 and NOx resulting from the combustion of coal and lignite in electricity
generating power plants. The rateof introduction of CCTs into Asia-Pacific economies varies
widely and is broadly related to the level of economic development and environmental
problems resulting from coal burning in individual economies. This chapter provides an
overview of the trends in electricity generation in the Asia-Pacific region and estimates of the
market for CCTs in electricity generation plants to 2010. There are other important markets
for CCTs, such as in the iron and steel industry, that are not covered in this chapter.

Governments in all coal-consuming Asia-Pacific economies are examining options
for maintaining high levels of economic growth and reducing environmental impacts
associated with increased energy consumption. As shown in Figure I, there is a correlation
between the expansion in economic activity, commonly measured as the gross domestic
product (GDP), and the growth in electricity consumption. In low-income economies the
growth rate of electricity consumption usually exceeds the growth rate of GDP. However,
in higher income, mature economies (such as Japan) the increase in electricity consumption
is often substantially lower than the GDP growth rate. The anomalous lower income
economy in Figure I is China, which has an electricity consumption growth rate lower than
the GDP growth rate. This is probably partly because electricity supplies are increasing more
slowly than the growth in demand and partly due to the structure of energy demand.

From an energy perspective, Asia is quite different from the rest of the world in the
following two areas: the growth rate of electricity consumption is much higher than the rate
in the rest of the world; and the region is twice as dependant on coal as the rest of the world
(close to half of Asia's energy requirements are met by coal, compared to less than a quarter
in the rest of the world). The combination of high growth rates in GDP and electricity
consumption and the heavy reliance on coal means that Asia is adding to local and global
environmental problems at a faster rate than the rest of the world. The high economic growth
rates also mean that Asian economies will be able to invest increasingly in less polluting
energy technologies.

As shown in Figure 2, coal consumption is projected to increase by about 1.3 billion
tons over the 1993-2010 period. The expansion in coal consumption for electricity generation
is the dominant factor in the large increase in coal consumption. Without effective control
measures, the projected increase in coal consumption will have a serious impact on
environmental quality in many countries in the region. Therefore, there is a need to develop
sound policies and strategies at both national and regional levels to reduce the negative
environmental effects of increased coal use in Asia. As discussed in this chapter, the
introduction of appropriate CCTs is considered essential to achieving the twin goals of
expanded use of coal and decreased environmental impacts.

i i ii.i H

1All figures are in constant 1992 US dollars.
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H. ELECTRICITY GENERATING CAPACITY FORECASTS FOR ASIA

Figure 3 projectsthat total electricitygenerationcapacity in the Asia-Pacific region
will grow from 550 GW in 1992 to 850 GW in 2000 to 1,350 GW in 2010. The average
growthrateover thisperiodis projectedat 5.1 percentper year. China is expected to account
for the largestshareof capacityadditions -- accountingfor about40 percentof the projected
capacity expansion over the 1992-2010 period.

Figure 4 shows the primary energy mix of electricity generation capacity in Asia in
1992 with projections for 2010. Coal's share of total capacity is projected to increase from
approximately 39 percent in 1993 to 47 percent in 2010, even though governments and
industry will continue to attempt to diversify away from coal where cleaner fuels are
available at competitive prices. As shown in Figure 4, oil's shareof capacity is projectedto
decline from 1Spercent in 1992 to 10 percentin 2010. Nuclear power's share of generation
capacity is projected to increasefrom 8 percent in 1992 to 13 percent in 2010. Even though
increased attention will be given to expanding natural gas and hydroelectricsupplies, neither
of these energy options is expected to maintain its share of the electricity market over the
1992-2010 period. Other energy options, including solar, are projected to play an
insignificant overall role in Asia's energy mix by 2010.

Requirements for Investment in Power Plants

Figure 5 shows that an estimated $750 billion dollars will be requiredto meet the
requirements for investment in electricity generatingplants in the Asia-Pacific region over
the 1993-2010 period. As shown in Figure 5, China is expected to account for the largest
share of investments, followed by Japan. Investmems in coal-f'tredpower plants are projected
to account for about $300 billion or 40 percent of the total investments in power plants over
the 1993-2010 period.

m. COAL AND THE ENVIRONMENT

The l_est constraint on the continued expansionof coal-firedgeneratingcapacity is
the impact that coal burning has on the environment. The main environmental pollutants are
particulates, SOs, NO, and CO,. In recent years the debate over global warming and the
contribution of CO, to global warming has tended to dominate international environmental
discussions. However,CO, is not a priority of most APECgovernments accordingto a recent
survey of APECmembergovernments(APEC, 1992). Figure6 shows the relative importance
of environmental issues accordingto the APEC survey of coal-consuming APEC members.
Top priority is the control of SO, emissions, followed by particulates (ash) and NOx, and,
finally, CO,. The lower priority given to CO, emissions reflects the immediate concern of
most governments with reducingemissions of SO,, particulatesand NO, that can have direct
effects on the populations in the vicinity of power plants.

Figure 7 shows the estimated emissions of SO,, NOx and CO, in Asia (Kato, et al.,
1987). These estimates should only be used as a general indicator of the percentage of
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emissions for Asian economies. China stands out as the largestcontributor to the region's
air pollution with about two-thirdsof the total SO_emissions and roughlyhalf of the NOxand
CO2emissions. Clearly, any strategy to reduce emissions of these gases in Asia will have
to include increased attentionon reducingthese emissions in China.

Options for Reducing SO2, NOx and CO3 Emissions from Coal Burning

Commercial CCTs are able to remove almost all emissions of particulates and SO2
and the majorityof NOxemissions. The two primarycommercialCCToptions forcontrolling
SO2emissions are flue gas desulfurization (FGD) systems added to conventional pulverized
coal-fired power plants and atmospheric fluidized bed combustion (AFBC). These two
technologies dominate the field of existing commercial technologies and are expected to be
the main CCT choices of utilities in Asia during the 1990s. These technologies typically
reduce SO_emissions by 85-95 percent. Beyond the 1990s, a wider range of CCT options
are likely to become available that not only control emissions of SO, and NOx, but will
substantially increase efficiencies in energy conversion and thereforereduce CO_emissions
per unit of electricity. No viable technology exists to reduceCO_emissions, except through
increased efficiencies in fuel use, and switching to energy options that produce less CO2 --
such as natural gas, hydropower and nuclear power.

Utilities do not necessarily have to use CCTs to meet environmental constraints.
Almost all coal-f'tred plants being designed today have particulate recovery systems that
recover in excess of 98 percent of the particulates, and at mode_ cost modifications can be
made to the combustion system to substantiallylower NOxemissions. The reduction of SO_
can be accomplished by substituting low-sulfur coals or installing CCTs (FGD or AFBC).
A plant burning a high-sulfur coal (say 2.0 percent) could reduce sulfur emissions by 50
percent or more by substituting low-sulfur coal. Many utilities in the United States are
following this strategy to substitute low-sulfurcoal for high-sulfurcoal. At present, there are
abundant quantities of low-sulfurcoal with sulfurcontents in the 0.6-0.9 percent range being
traded internationally in the Asia-Pacific region. To date, Australia is able to meet its
emission standards using low sulfur coal and high stacks. In contrast, for high-sulfur lignites
in Thailand and high-sulfurcoals in various economies, including southernChina, CCTs may
be the most competitive alternative.

Whereenvironmental legislation limits either power plant stack emissions or ground
level concentrations, the use of low-sulfur coal and higher stacks can often meet
environmental regulations. Somelegislation requiresspecific percentage reductionsin sulfur,
regardless of the sulfur content of the coal being burned, therefore, in effect requiring the
installation of CCTs. The trend in environmental legislation in a numberof Asian economies
is toward environmental quality standardsthat will effectively force many utilities to install
CCTs by 2000.

A range of approachesto meeting environmentalstandardsarebeing followed. Stated
environmental goals and most environmental legislation in Asia have already established
relatively high standards. An important problem in a number of economies is lack of
enforcementof existing environmental standards,particularly for government-ownedutilities.

3



IV. ECONOMICS OF CCT OPTIONS

Govermnents and utilities are faced with the problem of how to meet the growth in
demand for electricity at the lowest possible cost while also meeting the demand for increased
attention to reducing environmental impacts. There is no one energy option that is optimal
for all economies. Each economy has different domestic energy options and, as a
consequence, faces different levels of environmental pollution. The trend is toward
establishing more stringent environmental standards, and allowing a greater role of market
forces in determining the optimal energy mix.

The capital and operating costs of coal-fired power plants are usually higher than
those for oil or gas-fired power plants. However, no government in Asia intends to rely
heavily on oil for electricity generation in the future because of uncertainty about long-term
prices and security of supply considerations. Clean-burning natural gas, where economically
available, is increasingly the preferredchoice. Unfortunately, most large gas reserves are far
from markets, and long distance transportation is expensive. Nuclear power is competitive
in selected situations; however, the much higher capital costs, longer construction lead times,
and public opposition limit nuclear power's role in Asia's electricity market. Hydropower has
potential in local areas of most Asian economies (particularly in China, Vietnam and Laos),
but its high capital costs, long lead times, and environmental and social impacts limit
potential expansions.

The addition of CCTs to power plants typically adds 15-25 percent to the capital costs
and !0-20 percent to operating costs. For a power plant that costs $500 million, an additional
$100 million for CCTs is considered too expensive by many utilities already facing serio'ls
problems in raising sufficient capital for conventional power plants. The added cost per
kilowatt hour is roughly $0.01 for electricity that typically costs $0.05-0.07 per kilowatt hour
in most Asian economies.

Figure 8 shows the projected market for C_'CTsin the Asia-Pacific region for the 1993-
2010 period. These estimates are quite speculative, and are only useful as a broad guide to
relative sizes of CCT markets. The estimates in Figure 8 assume that governments will
continue to implement and enforce fighter environmental regulations over the forecast period.
During the period 2001-2010, China is projected to be the dominant market for imported
CCTs; however, the country is unlikely to add substantial CCT capacity before 2000.

Figure 9 presents an estimate of the plausible breakdown of technology and fuel
options in China in 2010. Imported CCTs are projected to be used on about 20 percent of
the total coal-fired capacity, with domestically produced CCTs and low-sulfur coal each
accounting for 35 percent of capacity. Figure 9 assumes that during the 1990s there will be
a substantial shift in government policies to encourage the introduction of CCTs.

A critical concern of most governments and utilities is how to finance the additional
costs of CCTs. The problem of f'mancing CCTs is large from an individual utility
perspective; however, when considered in the context of investment requirements of the Asia-
pacific region, CCT investment needs appear more manageable. The total investment
requirement for CCTs in the Asia-Pacific region over the period 1993-2010 is estimated at
about 4 percent of the total investment requirements for power plants. Modest changes by
bilateral and multilateral lending institutions in the terms of loans can allow utilities to add
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CCTs at minimal added costs to the consumerfor the additionalborrowing. Increasingly,
access to multilateraland bilateral loans for power plants may be contingent on meeting
stricterenvironmentalstandards.

V. TRENDS

The 1992 APEC surveyof coal-consumingAsia-Pacificeconomies demonstratedthat
governments are generally aware of the environmental problems associated with coal
consumption. In addition,most governments are examining CCT options along with other
alternativesto reducethe environmentalimpactsof coal consumption.The middle andhigher
income economies are furtheradvanced in enforcing environmental regulations that will
encouragethe adoption of CCTs. Japan has already introducedCCTsthroughout its utility
sectorandJapanand the United Statesareactivelydeveloping moreadvancedCCTsthat can
substantiallyincrease energy efficiencies. Hong Kong, South Korea,Taiwan and Thailand
are likely to install CCTs on the majorityof all future coal-fired power plants, and China,
Indonesia and the Philippinesare consideringCCTs. In China,considerableeffort is under
way to develop indigenous CCTs;however,a substantialmarket for high efficiency imported
CCTs is projected,particularlyafter2000. By 2010, CCTsareprojectedto accountfor 25-30
percentof coal-fired capacity in the Asia-Pacific region.

The goal of most Asian governmentsis to meet rapid increases in the demand for
electricity at acceptable f'mancialand environmental costs. Switching to low-sulfur coal is
a viable option in the short to intermediate term for many utilities. However, as
environmental legislation tightens, the introduction of CCTs on a wide scale in Asia is
essential to achieving the twin objectives of acceptable costs and lower environmental
impacts. Cooperationamonggovernmentsand industrythroughorganizationssuch as APEC
will acceleratethe timely disseminationof CCT informationthat can help governmentsmake
better long-term energy policy choices. The higher capital costs to introduce CCTs are
believed to be within the capabilityof multilateraland bilateralinstitutions,but will require
greateremphasis on environmental issues in makingloans for power plants.
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Introduction

China is presently a small market for Clean Coal Technologies
(CCTs), even though it by far the largest source of coal related SCh and
NOx emissions in Asia. It is our view that China will become the largest
user of CCTs in Asia after 2000. z The primary market for imported
CCTs is projected to be for larger facilities (above 50.75 MW) in areas
where reductions in sulfur emissions of over 80 percent are required.

This briefing memo provides: (I) estimates of the future growth in
coal consumption and coal.fired electricity capacity, (2) estimates of coal
related emissions of SO_ NOx and particulates, (3) estimates of the market
potential for CCTs, (4) brief explanations of the roles of the key
institutions involved in CCT research, and (5) a summary of the present
status of CCT activities in China,

The number of institutions that claim to be active in the

CCT area can lead to confusion in selectin8 the appropriate
institutions to deal with, and can result in misleadin8
assossme.ata of _e CCT outlook in China.

The combination of regulated low coal and electricity prices,
limitations on available capital under the present state run system, and
limited environmental enforcement mechanisms in China, result in a wide
variance between stated policies to control pollution related to

i i ill
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coal burnlal and the actual situation in China.
The structure of coal use in China is quite different from

industrialized countries where the electricity sector is the dominantcoal
consumer. For example, 85 percent of coal use in the United States is in
electricity production compared to 29 percent in China. In China, over
half (53 percent) of coal goes to mostly smaller industrialusers, followed
by households with 18 percent.

United States CCT suppliers should &ire bishost priority to
Cbina'$ electricity sector for three reasons:(1) it is more suitable for
the larger scale CCTs developed in the United States; (2) the numbersof
power plants is manageable (less than 150) compared to hundreds of
thousands of users in the rest of the industrialsector, and (3) enforcement
of environmental regulations is more likely at larger, more conspicuous
power plants.

The reported capital costs of CCTs produced in China are far lower
than CCTs that can be produced in the United States. A "rough"
approximationof Chinese power plant technology costs is to divide U.S.
power plant cost estimates in half? But, the quality and reliability of
Chinese power plant technologies andCCTs aresubstantiallybehind those
of industrialized countries -- particularly at larger scales. Changing
China's present strategy of relying on domestic CCT technologies will be
difficult. CCT exporters will need an in.depth undorstandin8 of
the Chinese power sector, and a Ions-term $trateSy to penetrate
the critical 15-25 percent of the market thmt we believe will be
available to lmp,ortod C_s.

TAoro appear to be major opportunities in selected
provinces for BOT power plants, such as are bein8 built by
Hopewoll Holdin&$ in Guusdonlr Province.

Coal Production and Consumption

Coal accounts for about three-quarters of China's total energy
consumptloa =-by far the highest share among all major coal consuming
countries. Coal's share of energy is not expected to decrease below 70
percent over the 1993-2010 period. In 1992, China produced I. I billion
metric tons (hereafter tons) of coal and exported under two percent (20

:;Power plants built to the mmlstds of industrializedcountriesareexpectedto have
highercapitalcosts thanreportedforplainspresentlyconstruct_ in China.
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million tons). Over the 1993-2000 period,we projectcoal consumption to
grow at approximately4 percentper year, reaching about 1.5 billion tons
in 2000, then slowing to 1.6 (range 1.6-2.9) percent per year, reaching
1.8-2.0 billion tons in 2010. The projectedslow down in growth rate in
coal consumption is based on the assumptionthat the present patternof
inefficient coal use will shift more rapidly toward higher efficiency
technologies. Our projections appearlow when comparedto the average
annualgrowthrate in coal consumptionof 5.5 percentover the previous 22
years.

Electricity Sector

The Chinese GNP is presently growing at over 10 percent per year,
and we project an average GNP growth rate for the 1990.2000 period of
8.5 percent .- similar to recently revised Chinese government projections.
Electricity consumption is conservatively projected to increase at 6.8
percent per year duringthe 1990-2000 period, thenslow to 5.9 percentper
year during the 2000-2010 period. Ourestimates of futureelectricity and
coal-capacityareba.u_ on theseconservativeestimates.

Even though, China is promoting expanded development of large
hydroelectricprojects,nuclearpower and naturalgas, coal is projected
to continue to maintain approximately 70 percent ot" the
electricity market to 2010. The reason that coal will continue to
dominateis because the energyalternativesare limitedby size, locationand
economics.

The share of coal consumed in the electricity sector increased from
about 20 percent in 1980 to 29 percentin 1990, andis projectedto increase
to about 40 percentin 2000 and to at least 50 percentin 2010.

As shown in Figure I, China presently has 160 GW of electricity
capacity of which II0 GW is coal-fired. Figure I, shows projected total
electricity capacity reaching275 GW in 2000 and480 GW (range 440-500
GW) in 2010. Coal.fired electricity capacity is projected in Figure I to
increase from II0 GW today, to 180 GW in 2000, and 325 GW (range
300-350 GW) in 2010.

SO2. NOx. CO2 and Particulate Emissions in China

There are a rangeof estimatesof Chinas total emissions, however, all
studies indicatethatChina is the largestcontributorin Asia of SO2,NOx,
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CO2 and particulates. Figure 2 shows China's share of Asia's total
emissions of SO2 and NOx for the period 1975-1987 with projections to
2000. At present China's share of Asia's total emissions is estimated at
over 70 percent of SO2emissions andslightly underhalf of NOx emissions.
By 2000, China is projectedto accountfor 75 percentof Asia's total SO2
emissions. In addition,China emits about 13 million tons of particulates
per year.

The focus of attention of the Chinese 8orernment has been
on reducing particulate emissions and increasing energy
efficiencies. Duringthe past decade, Chinahas made substantialgains
in improving the efficiency of coal burning in power plants and in
households, and in reducing particulateemissions per unit of electricity.
During the early 19905, increased attention is being 8iron to
the problems of reducing SOx and NOx emissions in selected
areas, with more limitedactionto reduceCO2emissions.

The power sector contributes about half of the SO2emissions of the
total industrialsector in China. At present, emission control technologies
reportedly reduce 502 emissions by less than 6 percent in China'spower
sector. Increased attention is being given to pollution control options in
major cities and industrial areas. Without effective control measures,
emissions of 502 will increase by about l0 million tons over the next
decade.

Beijing is being targetedfor a majorprogramin the 1990s to replace
coal burning with _mtumlgas (two naturalgas pipelines are planned). A
catalyst for China's plans to move away from coal use in Beijing is
(apparently) the government's goal to attract the Olympic Games to
Beijing.

tisl Clean Coal Techn lear Market in hins 1993-2010.

No m_ including Chinese experts, knows the longer term potential
= size and r_ of Inu,oductica of CCTs into China. The estimates in Table I

are based ca discussions with Chinese experts, a review of recent research
on CCTs in China, and modified by our estimates of changes expected to
occur in the envirmunentaland technologyareasin China.

_ In preparing Table 1, we relied more heavily on the following two
- sources of information. A recentstudyby Feng Junkai(1993) of Tsinghua

University in Beijing, examined 46, mostly large, power plants in China,
and found that in orderto meet a moderateemission control limit of 800

_
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mg/Nm 3, 21 percent would need to achieve SO2 reductions of over
80percent, 52 percent need reductions of 50-80 percent, and 26 percent
would require less than 50 percent reduction. Feng's survey sample is
small and may not be representative. However, recent discussions with
ChineseCUr experts resultedin agreementthata reasonableassumptionis
that roughly 20 percent of China's coal-fired electric generating capacity
plants are likely to require high performanceCCTs to meet SO2emission
goals.

Table 1

POTENTIAL CLEAN COAL TECHNOLOGY MARKET
IN CHINA IN 2000 AND 2010 l

Option PercentSO2 2000 2010
reduction GW PetMkt GW Pct Mkt

ImportedCCTs2 >80 13 7 65 20
• oo oo eo eoe oooooooeooooeooooooooeooooooooooo • oo* • oo*oooooe*oooeo • • • • eoeooeeeoeee oe ee • eoeoeo o oo eoeoQoe • • ooe • •

Domestic CCTs 50-80 41 23 114 35
• 6oo0o oe • ooooeeeeoooeeo* oo • • • oe• ooeeooeeeo • ooo • • eeo • oooooeoooooeeooeoe ee eoeoeeeeooeoo • • • oo • oooo • • • • eo • • • •

Low sulfur coal <50 90 50 114 35

& fuel substimtim
• • • •eeoe o_oooeoeooeeee eeeoo eeoe ooee_eeeeoeoeeeee ieeeoooQeeeeoeeaooooeeeeooeeeeeoeoeeeeoeeeoGoo eleeeee • • • • • •

No controls 0 36 20 32 10

i ii iii i ii , i i i

Total 180 100 325 100

ii i i i i

IThe EWC _ Project estimates in this table are preliminary, and are only useful as a

phunziblescenario for the Chinese CCT manet.

2A portion of foreign CL'Wswill probablybe manufactured in China.

Table I assumes that imported CCTs will be installed in 7 percent
(range: 5-10 percent) of coal-fired electricity capacity in 2000 and 20
percent (range: 15-25 percent) of capacity in 2010. Under these

7



assumptions, China accounts for the largest growth in high performance
CCTs in Asia during the 2001-2010 period.

We believe China will be able to produce the lower performance
CCTs (roughly 50-80 percent SO2 removal) at much lower costs than
importing these technologies. For sulfur reductions less than 50 percent,
substitution of low sulfur coal, coal washing, and other fuels are expected
to be the preferred options.

The best opportunities for foreisn suppliers of CCTs is
expected to be the 20 percent of the facilities that are projected
to need high performance CCTs (>80 percent S02 removal).

The seven gco_nlphic areas shown in Figure3, account for less than 7
percent of the physical area of China, but consume between 40 and 45
percent of China's electricity. These seven areas are considered prime
target areas for CCTs. An important advantage of locating power plants
with CCTs within these areas is that they are also prime areas for
cogeneration.

Forei&n companies that can partially fabricate their CCTs
in China will have an advantase in gaining market shares for
both cost and policy reasons.

Sts_tuRof SO2 CCT Research in China

It is not possible m describe the full range of research because there
are so many different institutions doing research on CCTs in China. The
following summary specifies the more well known R & D activities on
CCTs in China.

Advanced CCTs (IGCC and PI_SC): Limited research is underway at
very small scales on IGCC and PFBC technologies. These technologies
have relatively low funding priority in China at this time. There is
subsumtial interest in the R & D activities in the United States and other
countries.

High Ei_ciencv SO2 Control (>80%): China appears to be leaning
heavily towm_ddry scrubbers due to the lower capital com. Dry limestone
FGD technology has been added to the 20 MW Baima Power Plant in
Sichuan Province. The FGD technology added 15 percent to the capital
cost, and reportedly achieves an SO2 reduction of 85 percent. Present
plans are to scale up this technology to 200 MW by 2000. Most Chinese
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that we have talked to have strong reservations about wet scrubbers which
are considered too expensive.

Mid-level Efficiency SOz Control (50-80%): Under development is a
low cost, dry limestone injection system that is expected to reduce SO2
emissions by 60-70 percent. A 125 MW demonstration plant is expected to
begin operation in 1993. This project is listed as one of the ten key
projects aimed at advancing China to a higher industrial level. Capital
costs are estimated by the Chinese at a very low $15-20/kW. If this
technology can be operated reliably at commercial scales at anywhere near
the Chinese cost estimates, then the market potential within China is quite
large, and might have marketpotential in some foreign countries.

There are over 400,000 industrial boilers in China, and the need for
emission control is large. The majority of these boilers are located in
industrial areas, close to population centers, and there is large potential for
cogeneration facilities in the future.

The Chinese are particularly interested in FBC technologies because of
three advantages: (1) they are commercial at the smaller scales common in
China, (2) operate on the wide range of coal qualities common in China,
and (3) can be easily modified to reduce SO2 emissions. Currently, China
has FBCs up to about 20 MW, but has ambitious plans to demonstrate FBCs
of 50 MW (1995), 100 MW (1997) and 200 (MW) 2005. Without
substantial foreign assistance these scale-up goals for FBCs appear
optimistic.

Most of the FBCs in China are bubbling bed type. Chinese CCT
experts report that China's priority is in developing the circulating bed
type FBC. At present, the Chinese have only developed circulating bed
technologies at small scales of less than 20 MW, and appear to need foreign
assistan¢_ in scaling up to large units.

Low-Lc_vel SO2 Control (Fuel nreoaration and substitution (<50%):
With less th_ 20 percent of China;s coal being washed there is a large
potential to reduce ash, and moderate potential to reduce sulfur, through
coal washing (beneflciation). There probably are substantial opportunities
to expand production of low sulfur coals in some areu in northern China,
given economic incentives (premium prices) that do not exist today.

Finally, both natural gas and hydroelectric developments are expected
to receive much greater attention over the next decade. The impact on coal
demand in the electricity sector is not expected to be more than a few

I0



percent by 2000. The impact after 2000 could be more significant if the
massive capital-investmentsare mobilized. Chinamay have potential for
large amounts of naturalgas, which would probablybe developed mostly
for the non-utility sectors.

Key Government Organizations and Research Institutions

There is a complex system of organizationsinvolved in coal and CCT
activities in China. At thenationallevel, StateCommissionsand Ministries
have similar ranks but a different focus. StateCommissions are closer to
the planning functions of the nationalgovernment,and coordinateministry
research activities. Ministries focus most of their attentionon achieving
the goals of the industriesundertheirresponsibility.

The five organizations most heavily involved with CCTs and related
technologies are:

• State Science and Technology Commission (SSTC)
• State Pinning Commission (SPC)
• State Economy and Trade Office (SETO)
• Ministry of Energy (MOE) (Recent changes noted in text)
• Ministry of Machinery and Electronics Industry (MOMEI)

The StAX¢Sci_ce and Technolo_ Commission and the State Planning
Commission are involved in long term technology plsmfing, and manage
State CCT projects, however neither Commission has research facilities.
The actual R & D is conducted mostly at ministry research facilities,
university laboratories and other institutions and enterprises listed at the
end of this memo.. ....... "._ .+

Although overlap exists, SSTC is primarilyresponsible for new and
advanced technologies, and SPC ts responsible for existing commercial

technolosies. In additio.n, the State Economy_and Trade Offl,ce also
supports some CCT projects that have reached the demonstrauon and
commercializationstages.

The Ministry of Enerev was established in 1988 throughthe merger
of the Ministries-of Petroleum,Coal, and the electric power portionof the
Ministry of Nuclear Industry. The previous Ministry of Energy had
limited interest in CCTs, and was primarily concerned with increasing
energy supplies andefficiencies in electricity generation. In early 1993 the
Ministry of Energy was reorganizedto establish a Ministry of Electric

11
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and a Ministry of Coal lndust_. The Ministryof Coal Industry is
basically the previouslyexisting ChinaNationalCoal Corn_oration, which is
responsible for all links in the coal supply system, from production to
utilization (excluding electricity).

The two Ministries with interests in CCTs are the Ministry of Electric
Power and the Ministry of Machineryand ElectronicsIndustry(MOMEI).
MOMEI is broken down into two main subdivisions, Machinery
(manufacturesboilers, otherutility equipmentand CCTs), and Electronics.

CCTR & D can be broadlybrokendown into threelevels:
Level 1: The highest level includes StateR & D projectsthat focus on

medium and long term technologies, and those technologies that fall
between or across ministry responsibilities. State projectsusually receive
higher levels of funding and also tend to focus on more difficult
technologies. These projectsare selected, fundedandregulatedby the State
Science andTechnologyCommissionandthe StatePlanningCommission.

Level 2: Ministry R & D projects tend to focus on more standard
utilization technologies. There is heavy emphasis on commercial
technologies.

Level 3: Local governments tend to support more limited R & D
projectson simple technologies at smallerscales.

Institutions .involved in It & D on Chinese CCTs

Ministry Research Institutions:
• Xian ThermalPower EngineeringResearchInstitute(underMOE)
• CentralCoal M_e l__h Institute(underCNCC)
• HarbinPower PlantEquipmentResearchInstitute(under MOMEI)
• ShanghaiElectric PowerEquipmentresearchInstitute(MOMEI)

University Laboratories:
• Tsinghua University (China'spremier engineering university)
• Zhejian8 University
• HarbinPolytechnicalUniversity
• South-EastUniversity

12



OcherResearch Institutions:
• Instituteof EngineeringThermalPhysics
• Academy of Science of China
• ShanxiCoal ChemistryResearchInstitute
• Academy of Science of China
• ChinaEnergyResearchSociety(an association)

Ent_mrises:
• Hangzhou BoilerManufacturingPlant
• Wuxi Boiler ManufacturingPlant
• Jinan Boiler ManufacturingPlant
• Kaifeng Boiler ManufacatringPlant
• SichuanBoiler ManufacturingPLant
• Guangzhou Boiler ManufacturingPlant
• HarbinBoiler ManufacturingWorks

• 13



APPENDIX A

China

Economic Statistics

•GNP/Capita: US$360 (1991) .GNP Growth Rate Per Year (1990- 2000): 8.5 %

•Population (1992): 1,166 M (2010): 1,420 M

Energy Statistics

•Energy Mix (1991): Coal 76 %, Oil 17 %, Gas 2 %, Hydro 5 %

•Coal Fired Electricity Capacity (1992): 110 GW, (2000): 180 GW, (2010): 325 GW

•Electricity Growth Rate (1990- 2000): 7.6 %peryear, (2000- 2010): 6.2 %peryear

1992 2000 2010

•Coal Production (M 0 1110 1500 1920

•Coal Consumption (ldO 1091 1485 1900

•Coal Exports (3/10 19 15 20

Environment & Clean Coal Technologies

•Sulfur Emission Limits: Increased attention to control of emissions
in major industrialized areas.

1993 - 2000 1993. 2010

•CCT Market Potential s 13 GW 65 GW

•Principal Organizations: Ministry of Electric Power Industry,

State Science and Technology Commission (SSTC)
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The Booming Electricity Sector of China
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I. INTRODUCTION

i
The continued high growth rate of the Chinese economy, and the

large size of the market have placed China high on the investment

list of most major multinational corporations. However, foreign

investors have experienced mixed fortunes in the Chinese market.

Uncertainties of government policies, regulations, Chinese business

practices, and the accuracy of market information cause foreign

investors to approach this major market with considerable

trepidation.

Historically, the power sector was firmly regulated by the

central government. Recent moves to deregulate this industry are

opening large opportunities for foreign investors.

In this paper, the growth of the Chinese power indust_j is

projected, the basic characteristics of this system are examined,

and the investment requirements and capital availability are

estimated. In addition to government investment plans, advantages

and barriers to United States investors are also discussed.

Profitable investments will continue to be uncertain for foreign

investors that fail to fully understand the inner workings of the

Chinese system, and do not take effective action to protect their

interest.



II. ELECTRICITY DEMAND AND SUPPLY

As expected, the rapid economic growth in China has been

accompanied by rapid electricity growth. Between 1980 and 1993,

GNP growth averaged 9.4 percent per year, and total installed

electricity generating capacity grew at an average of 8 percent per

year. As shown in Table I, total installed capacity increased from

66 gigawatts (GW) to about 178 GW, and total electricity generation

increased from 301 billion KWh to 815 billion KWh. The elasticity

of electricity to GNP was about 0.85.

Due to the uncertainties of future development, three

alternative scenarios of electricity growth are developed, with the

medium scenario reflecting the author's most likely projection.

The three scenarios and the underlying assumptions are given in

Table 2. Under the medium scenario, capacity growth is projected

to average 7.7 percent in the rest of the decade and decline to 5.9

percent in the 2001-2010 period; total capacity is projected to

increase from 178 GW in 1993 to 300 GW in 2000 and 530 GW in 2010.

Projection of China,s Economic Growth

Electricity growth is highly correlated with GNP growth,

therefore GNP growth rates are a useful predictor of electricity

growth rates. Between 1991 and 1993, China's GNP growth rate

averaged over 11 percent. GNP growth is projected in the medium

case to average 8.5 percent per year for the 1994-2000 period, and

6.5 percent per year for the 2001-2010 period.
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The driving forces behind China's high economic growth are

dramatic increases in effective labor supply and effective capital

stock due to the economic reforms and the shift towards a market

economy. In the rest of the decade, effective labor supply is

projected to increase rapidly due to: (I) the lay-off of millions

of workers from over staffed state enterprises; (2) reforms of the

Chinese wage systems that will lead to pay scales more closely

related to employee productivity; (3) the relaxation of migration

controls from rural to urban areas, that will accelerate the flow

of labor to the more productive urban areas; and (4) China's

personal income level is still very low, therefore high growth

rates are easier to achieve. Effective capital stock will also

continue to increase rapidly due to: (1) improvements in China's

inefficient financial system; (2) continued increase in foreign

investment; I and (3) a high national savings rate above 30 percent. 2

Projection of Elasticity of Electricity

Unlike most developing economies, in the 1980s, China's

average electricity growth rate was below its economic growth rate.

I Between 1979 and June 1993, total actual foreign

investment in China reached $50 billion, and $170 billion is

planned (see People's Daily Overseas Edition 10/14/93). In 1993,

foreign investment is expected to reach $I00 billion (see China
Daily 10/15/93).

2 By the end of 1992, China's private bank savings reached

i.I trillion yuan ($200 billion); private cash holdings reached

350 billion yuan ($60 billion); and total private financial
assets reached 1.8 trillion yuan ($310 billion). In contrast,

total private financial assets were only 38 billion yuan ($7

billion) in 1978 (see China Daily 3/22/93).
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As shown in Table 3, the elasticity of electricity to GDP in the

1980s was only 0.83, the lowest among Asian economies, and also the

lowest in the Chinese history (Table 4).

An important reason for the low elasticity of electricity is

that electricity supplies have increased at a slower rate than

demand. Some Chinese officials have estimated that electricity

supply would have to increase by 20-30 percent in order to

eliminate the present electricity shortages (Goldstein, 1992).

The cost of China's electricity shortages is very high. In

1993, total electricity generation was 815 TWh. Assuming the

electricity shortage was 20 percent, evenly distributed among all

sectors, then the electricity shortage in the industrial sector was

about 140 TWh. According to Alan Burrell, manager of the Asia

division (East) of the Asian Development Bank, in Asia the economic

loss of each KWh of electricity demand that is not met, is about

$0.35. Assuming that the cost is half of this estimate, o_

$0.175/KWh 3 then the cost of the electricity shortage in China in

1993 would be $24.5 billion. 4 In contrast, in 1993 a total of $6

billion was invested in China's power sector, about one-third of

the cost of the shortage.

3 The exchange rate used in this paper is the current

exchange rate ($1=8.7 RMB) unless otherwise mentioned.

4 Reportedly in the most serious situation in 1993, over 40

percent industrial production capacity was idle due to

electricity shortage, and about 240 billion yuan ($27.6 billion)
worth of industrial value added was lost (China Times Weekly

9/_9/93) .
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The second reason that China had a low elasticity of

electricity in the 1980s was because growth in China's energy
i

intensive heavy industry sector was slower than the less energy

intensive light industry sector. Heavy industry consumes about

three times as much electricity per unit of industrial output value

as light industry. The share held by heavy industry decreased in

the early 1980s from 56 percent to 49 percent, and returned to 53

percent in 1992. The share of heavy industry is not expected to

decrease significantly over the next decade.

Third, due to low energy prices, energy efficiency was low

with little incentive during the 1970s to reduce energy waste.

Substantial reductions in unit energy consumption was possible from

the movement toward greater energy conservation in the 1980s.

However, the easy gains in reducing energy waste of the past decade

are becoming more difficult in the 1990s.

For these reasons, official Chinese projection assume a higher

elasticity of electricity to GNP of i.i for the rest of the 1990s.

This elasticity is assumed in the high scenario of this paper.

Under this scenario, total capacity will increase to about 345 GW

in 2000 and 725 GW in 2010.

The elasticity of electricity supply to GNP could range from

0.9-1.1, with 0.9 assumed as a realistic elasticity given past

performance and the higher than expected economic growth rates in

the 1990s. -



III. OVERVIEW OF THE CHINESE POWER SECTOR

Power Networks and Load Centers

China has five power networks, each covering 3 to 5 provinces,

and 10 provincial power grids. In 1991, these 15 power networks

and grids, shown in Figure I and Table 5, accounted for 90 percent

of China's installed capacity and 95 percent of electricity

generation.

Figure 1 shows the six major electricity load centers in

China: (I) Liaoning province; (2) Beijing, Tianjin-Tangshan area;

(3) Jiaodong area; (4) Changjiang Triangle; (5) Zhuojiang Triangle;

and (6) Wuhan area. These six load centers account for about 5

percent of China's land area, 20 percent of the total population,

and over 40 percent of total electricity consumption (Bi, 1992).

These load centers have limited coal and hydropower resources.

About 70 percent of China's estimated coal reserves are located in

a relatively small area in northern China referred to as the Coal

Base (shown in Figure 2). The Coal Base includes portions of

Shanxi, Ningxia, Inner Mongolia, Shaanxi, and Henan Province, with

the best thermal coal reserves located in the north part of the

Coal Base. Shanxi Province in the center of the Coal Base is the

largest coal producing province in China. Figure 2 and Table 6

show China's hydropower resources which are mainly located in

southwest China, 1000 to 2000 km away from load centers.

Figure 1 illustrates China's power development and

distribution plans. Mine-mouth coal-fired power plants will be

6
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developed in east Inner Mongolia to send electricity to northeast

china [I], in west Inner Mongolia to send electricity to Beijing

[2], in north Shanxi Province to send electricity to Tianjin [3],

in southeast Shanxi to send electricity to Shandong [4] and Jiangsu

[5]. Hydropower will be developed at the Three Gorges Project to

send electricity to East China [6], Central China [7], North China

• [8], and Sichuan Province [9]. Hydropower will also be developed

in Guizhou [I0], Yunnan [Ii], and Guangxi [12] to send electricity

to Guangdong Province (Zhao, 1993).

It is uncertain whether this energy development and

electricity transmission strategy will be successful as it will

increasingly be influenced by economic factors and not rigid

central government plans. Currently about 40 percent of the

investment in the power sector comes from local sources (province

and city level), and the share of local investment is projected to

increase over time. Local governments of the major electricity

consuming areas prefer to control their electricity supplies.

Their main concern is that when electricity demand increases in the

exporting provinces, exports to other provinces will be cut.

Between 1980 and 1992, the share of central government (state

investment and bank loans) s in total electricity investment

decreased from about 90 percent to 30 percent, consequently central

government control of the power sector has greatly decreased over

the past decade.

Bank loans are controlled by the central government in
China.
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Installed Capacity by Fuel 6

Table 7 shows that between 1980 and 1993, the share of coal-

fired capacity increased from 51 percent to 66 percent, with

decreases from 31 to 25 percent for hydro, and 18 to 8 percent for

oil and gas. The share of coal and hydro capacity is projected to

remain at about the same level during the 1990s. Between 2001 and

2010, coal's share of total capacity is projected to decrease

gradually to about 60 percent due to the introduction of nuclear

power in southeast China. It is important to note that China's

large nuclear expansion plans may prove to be overly ambitious.

Thermal Power

China's thermal power plants are mainly coal-fired. According

to the Chinese government, "hereafter, the fuel for thermal power

stations will still be based on coal, while the existing oil

burning units will be converted to coal-fired whenever possible.

New oil burning power station will not be constructed in general."

(Energy in China, 1992). Coal-fired capacity is projected to

increase from 117 GW in 1993 to 195 GW in 2000 and 320 GW in 2010.

In 1991 the 82 large thermal power plants (600 MW and larger)

shown in Table 8 accounted for about half of the total existing

thermal capacity in China. Coal-fired plants accounted for more

than 95 percent of the generation from large plants. All of the 19
L ,,, , ,, , , ,

6 Avaiiable Chinese statistics only break total installed
capacity down into hydro and thermal. Further break down of
thermal capacity is only available for principal thermal power
plants (600 MW and above). Coal-fired capacity is estimated
through electricity generation by fuel.
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GW large plants under construction are coal-fired.

Small oil, gas and diesel generators will probably be

installed in the rapidly growing areas. For example in Shenzhen,

the largest special economic zone in China, oil-fired power plants

using imported oil have been constructed in recent years.

Natural _as is mainly consumed in the Chemical Industry in

China. Power generation accounts for only about 6.6 percent of

total gas consumption, but is projected to increase in the future.

Table 9 shows that the share of gas in thermal electricity

generation is insignificant (less than 1 percent).

Nuclear power development has progressed slowly in China,

between 1982 and 1993, only two nuclear power plants were built in

China, with 1.2 GW capacity in operation. The 300 MW Qingshan

Nuclear Power Station in Zhejiang Province is domestically designed

and constructed. The second is the imported Daya Bay Nuclear Power

Station in Guangdong Province -- a joint venture with Hong Kong

Light and Power.

Nuclear power development has recently gained momentum in

China due to electricity shortages, continued coal transportation

bottlenecks, and the Chinese desire to gain the international

status associated with a nuclear power sector. China has ambitious

plans to have 35 GW of nuclear power capacity installed by 2010.

Table 10 shows the location, size, status and technology sources of

China's plans.



Domestic nuclear technology is still in the demonstration

stage, and imported nuclear power plants are very expensive.

Electricity from Daya Bay will cost about 9 US cents per KWh, while

residents in most cities only pay 2.5 US cents per KWh. The

capital cost of Daya Bay Power Plant is about $2200/KW, and the

capital cost of Yangjiang Nuclear Power Plant (an imported plant in

Guangdong under planning) is estimated at $1727/kw.

Most nuclear capacity is planned for Guangdong Province, which

is located far from both coal fields and hydro sites. The rapid

economic growth rates of this export oriented province, and serious

electricity shortages, increase the appeal of nuclear power.

Although, the large planned nuclear expansions may occur, it is the

author's view that coal-fired plants (using both domestic and

imported coal) are a lower cost, and more realistic alternative for

the majority of the power requirements of Guangdong Province.

Therefore, the planned nuclear capacity shown in Table II is

considered the maximum nuclear capacity that is likely to be

_ installed by 2010.

By 2000, China's nuclear capacity is unlikely to exceed 7 GW.

Most of the planned nuclear capacity will be installed after 2000.

Total nuclear capacity in 2010 could be as high as 35 GW if China

continues with its nuclear strategy. In the coastal areas of the

southeast, coal-fired power plants, based on imported coal, appear

competitive with nuclear power.
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Hydropower

China's theoretical hydropower potential is almost 700 GW, of

which the exploitable potential is estimated at about 400 GW.

Currently only about ii percent of exploitable hydropower resources

are utilized, and an additional 5 percent are under construction.

Although Chinese officials would like to increase the share of

hydro capacity to 30 percent in 2000, it is projected that the

share of hydropower will not increase mainly because most of

Chinese hydropower resources are less economic to develop than

other energy alternatives (primarily coal). About half of the

total investment in the power sector between 1953 and 1990 was in

hydropower, yet hydropower accounts for only about one quarter of

Chinese power capacity and supplies only 18 percent of the

electricity. Historically the capital cost per KW of hydro

capacity has averaged about 160 percent more than thermal plants.

Even taking into account the potential costs of SO 2 emission

controls on coal-fired plants and subtracting the costs of other

benefits generated from the hydropower plants (such as irrigation

and flood control), the capital cost of hydro plants is still over

I00 percent higher than that of the coal-fired plants.

Figure 3 compares the total present value of costs between

hydropower plants and coal-fired power plants. In China, the

capital cost of coal-fired capacity (including associated power

transformation and transmission equipment) is estimated at about

$400/kw; while the capital cost of hydro capacity is estimated at

$850/kw ($700-1000), assuming the use of domestically manufactured
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equipment. Coal prices vary dramatically from place to place, with

I the highest prices ($25-35 per ton) in the eastern coastal areas.

Figure 3 shows that at a discount rate of 12 percent, coal-

I fired plants are cheaper than hydro plants at all coal prices, but

at a lower discount rate of 8 percent most hydro plants are cheaper

than coal. The typical discount rate used f.r Chinese power plants

is 12 percent, therefore the economics of many of the planned hydro

plants are questionable. Table ii shows that as the share of

central government investment decreased, the share of investment

in hydro power plants decreased -- declining from 64 percent in

1981 to 42 percent in 1990.

As shown in Table 12, at the end of 1991, china had 41

hydropower stations with capacities of 250 MW and larger, with a

total capacity of about 18.5 GW and an additional 16.2 GW under

construction. Since large hydropower stations take about 7 years

to construct, most of the new capacity to begin operation in the

1990s is already under construction. Total capacity of large hydro

stations is projected to reach about 40 GW by 2000.

There was an extensive network of over 70,000 small hydropower

plants (12 MW and smaller) in 1991, with a total installed capacity

of I0 GW (Zhu, 1991). These small plants have played an important

role in developing rural economies.

About one-third of the 2,300 Chinese counties rely on small

hydropower plants to supply electricity. For many remote areas

hydropower is the only alternative for electricity generation.

China still has about 140 million rural people without access to

12



electricity and small hydropower is expected to play an important

role in providing electricity supplies to rural areas. It is

projected that small hydro capacity will increase at about I0

percent per year in the 1990s and reach about 23 GW by 2000.

China had about 7.5 GW of medium-sized hydropower capacity (13

-249 MW) in 1991. By 2000, medium-sized capacity is projected to

increase to 12 GW, and China'3 total hydro capacity is projected to

reach 75 GW in 2000 and 140 GW in 2010. Given the high capital

costs of hydro power, estimated capacity beyond 2000 is quite

speculative.

Other Features of the Chinese Power Seator

UDit size

Table 13 s_ows that in 1991 about half of the thermal capacity

was composed of units above 100 MW each, and half of the hydro

capacity was above 40 MW each. The most common thermal generator

sizes were 200 MW, i00 MW, and 125 MW. In 1992, the number of 600

MW units increased to six; the number of "principal units" (200 MW

and above) increased to 241 (60 GW) and accounted for 36 percent of

China's total capacity, compared to 24 percent in 1987.

Currently China has about 26 GW of low-efficiency coal-fired

capacity, the specific coal consumption of these units is over I00

percent higher than that of the larger high-efficiency units. In

the 1990s, China plans to replace 18.5 GW of the low-efficiency

units with high-efficiency units.

=
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Thermal Effic_,ency in Electricity Generation

Table 14 shows the trend in energy efficiency of the power

industry. _hina's power plants (6 MW and larger) have an average

efficiency of about 29 percent (419 g/KWh), up only modestly from

27.4 percent (448 g/KWh) in 1980. The overall average efficiency

(including all power plants) is only 26 percent. Present

efficiency is about 20-25 percent below modern power plants in

other industrialized countries with efficiencies of 35-37 percent.

China's goal is to increase the average efficiency to 33 percent

(370 g/KWh) by 2000.

Selected other major features of the Chinese power industry

are also listed in Table 14. Line (transmission) loss rates are

rather stable at about 8 percent. Average annual operating hours

are decreasing over time, with thermal plants averaging 5451 hours

(62%) and hydro 3675 hours (42%).

IV. THE CHALLENGES OF THE CHINESE POWER INDUSTRY

Investment Requirements

Table 15 shows that China's total capital investment

requirements for electricity development are conservatively

estimated at about $95 billion between 1993 and 2000 (about $12

billion/year on average), and about $180 billion between 2001 and

2010 ($18 billion/year on average).

In 1993, China's total investment in the power sector was

about $6 billion, about 50 percent above the 1992 level, of which

14
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only 30 percent came from the central government (Zhao, 1993).

Investment in the power sector was about 6.7 percent of China's

total investment in fixed assets. The power sector's share in

total investment will have to increase to about I0 percent to meet

the capital requirements of electricity development. If the share

° of the power sector investment remains the same, on average the

capital available for electricity development will be about $8.3

billion/year between 1993 and 2000, about 30 percent short of

investment requirement.

To close the gap between available capital and investment

requirement, China plans to increase the share of foreign

investment from i0 percent to 25 percent of total power sector

investment requirements.

China's total foreign investment in the power sector to the

end of 1992 is about $12 billion. Almost all of the foreign

investment came from international financial institutions and

foreign governments (Table 16). A shift to greater reliance on

foreign private investment is underway in China, and will be

critical to meeting the growth in demand for electricity in China.

Hong Kong firms are presently the largest investors in China's

power sector followed by the US firms. Singapore, Malaysia and

Thailand are also involved as shown in Table 17. As most private

sector investments in China's power sector are still in the

discussion/_egotiation stages, the actual mix of foreign investment

could be quite different from present expectations.
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Electrlcity TarifEs

Before 1985, electricity tariffs were under strict government

control, and were basically fixed. Increasing fuel prices appear

to have been an important factor in the rapid decrease in

profitability of the power industry in the 1980s. Between 1980 and

1991, profits decreased almost 40 percent (CESY, 1991). The profit

rate of the power industry is now under 3.7 percent (Shi, 1993).

Since 1985, China has followed the following multi-rate

system: (i) central government financed power plants, with "in-

plan" coal supplies, sold their electricity at state fixed tariffs;

(2) power plants purchasing high priced fuels were allowed to sell

electricity at prices substantially above state fixed tariffs; and

(3) some power plants simply charged a processing fee to convert

fuels to electricity for their customers, and the customers were

responsible for the fuel supplies. Currently a significant and

increasing proportion of electricity is sold substantially above

state fixed tariffs.

Most old power plants are able to make modest profits because

of low capital charges due to state subsidies and/or low interest

rates. However, under fixed electricity tariffs, new power plants

are unable to cover their costs. Figure 4 shows the minimum

electricity prices power plants have to receive under alternative

coal prices to achieve 12 percent IRR. In most situations, the

state fixed, electricity prices are substantially below the minimum

prices in Figure 4. Average state fixed electricity price is only

about 2.5 US cents/KWh, the lowest in Asia (Table 18), and too low

16
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to achieve a 12 percent IRR under the full range of coal prices.

In order to attract foreign investors and local investors, a

new tariff system called "old electricity-old price, and new

electricity-new price" has been adopted in China. Tariff reforms

have been introduced in Shenzhen, Guangdong Province. In Shenzhen,

electricity tariffs are based on total costs plus 15 percent

"social average profit rate," which results in an average tariff of

about 6 US cents/KWh.

Currently, except for the central government invested power

plants, other new power plants are allowed to sell at the prices

which are able to cover costs, taxes, and "reasonable" profits.

The definition of reasonable, however, is still vaguely defined.

In May, 1993, to protect the profitability of its over $I

billion investment in the power industry in Shandong Province,

Hopewell Holdings of Hong Kong proposed to the Shandong provincial

government that a 13 percent rate of return on equity should be

guaranteed. The State Council in Beijing approved the application

from the Shandong government for the higher rate, and a number of

other provinces (including Sichuan, Hubei, Guangxi, Inner Mongolia,

and Yunnan) have recently offered foreign investors a guaranteed

rate of return on equity of 15 percent (China Times Weekly

9/19/93).

Foreign investors in Chinese power plants must establish

electricityprices through negotiations. In price negotiations,

the Chinese parties use the 15 percent rate of return on the

foreign equity as the maximum return allowed by the Ministry of
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Foreign Trade and Economic Cooperation (MOFTEC). However, the 15

percent ceiling is subject to negotiations. The 15 percent return

is based on the assumption that annual operating hours will be 5500

hours (a plant load factor of 63%) -- typical of Chinese coal-fired

plants. Foreign developers are accustomed to operating coal-fired

plants at 7,000-7,500 hours (plant load factor of 80-86%) per year

(Weber, 1993). If prices are set based on 5500 hours of operation

to achieve the 15 percent return, then a much higher return can be

achieved at the high operating rates of 7000-7500 hours.

For domestic investors, the State Council has agreed to

increase electricity tariffs so that power plants will have the
i

ability to repay their loans. A formula is now used to adjust

electricity tariffs annually based on changes in fuel and

transportation costs (Huang, 1993).

Environmental Problems and Clean Coal Technology Development

China's share of total emissions of SO 2, NOx and CO 2 is already

the largest in Asia, and is growing at least twice the rate of

other Asian economies. According to a 1991 Japanese study (Kato et

al, 1991), between 1975 and 1987, the average annual growth rates

of SOx, NOx, and CO 2 emissions in China were 5.8, 5.8, and 5.4

percent respectively, while the growth rates in emissions for the

rest of Asia were only 1.0, 3.0, and 2.6 percent respectively. As

shown in Figure 5, during the 1975-1992 period, the share of

China's emissions in Asia increased as follows: SOx from 55 to 73

percent; NOx from 40 to 51 percent; and CO2 from 41 to 52 percent.

18
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The power sector is the fastest growing source of SO 2

emissions in China. In 1991, only 5.5 percent of total SO 2

emissions in the power sector were removed. Total emissions of SO t

in the power sector was 5.28 Mt (million metric tons), and

accounted for over 45 percent of total industrial SO t emissions.

If China _emains at the current SO z control level, SO z emissions

from the power sector will almost double by 2000.

The rapid growth of SO t emissions is of increasing concern in

the Chinese government. Emission Standards for coal-fired power

plants were implemented in August, 1992. The National Environmental

Protection Agency plans to issue tighter emission standards in 5

years (CEY, 1992). The primary problem is the difficulty in

enforcing these standards.

Coal consumed in the power sector has an average sulfur

content of 1.2 percent, however, sulfur contents vary widely from

region to region. A 1991 survey of 46 coal-fired power plants with

capacities from 125 to 1350 MW indicated that if SO 2 emission

standards of a maximum of 600 ppm were enforced, all power plants

in the survey sample would need to install desulfurization

equipment (Feng and Yuan, 1991). If SO t emission standards of 800

ppm were enforced, about 90 percent of the power plants would need

Clean Coal Technologies (CCTs), and about 20 percent of the power
_

plants would require advanced CCTs which can reduce sulfur emission

by over 80 percent.

To meet the increased demand on sulfur control technologies,

China is actively working on a range of domestic CCTs, however,
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commercial scale introduction of CCTs is not envisioned for the

power sector in the foreseeable future, and domestic CCTs are less

than 25 MW.

China is struggling with the twin goals of how to reduce

environmental pollution to acceptable levels and supply sufficient

electricity to support rapid economic growth. To date, priority

has been given to increasing electricity supply at the expense of

environmental considerations. Although, technically foreign CCTs

appear to be a viable option to achieve Chlna's twin goals, the

Chinese are resistant to investment in foreign CCTs which add 30-40

percent to the capital costs of domestically built power plants.

However, the largest market for CCTs in Asia potentially exists in

China. The key factors affecting the introduction of CCTs will be

the enforcement of tighter environmental legislation, and joint

ventures that allow for fabrication of most elements of CCTs in

China which will reduce total costs.

A recent estimate by the authors in conjunction with

collaborative discussions with Liu Deshun of Tsinghua University

and Chen Shuoyi of the State Science and Technology Commission

indicated the following plausible mix of CCTs in 2010:13 GW of

foreign CCTs and 52 GW of domestically produced CCTs.

V. THE OPPORTUNITIES AND BARRIERS OF THE UNITED STATES INVESTORS

Advantages to United States Investors

Due to insufficient domestic capital investments and the lack
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of efficient technologies, foreign investors are being actively

solicited by the Chinese. So far Hong Kong companies are the most

active investors in China's power sector. In terms of power plant

technologies, there are a number of countries with advanced

competitive technologies, and U.S. investors do not have a clear

competitive edge in China. The U.S. is expected to be among the

top three suppliers of power plant technologies to China. With

respect to CCTs, U.S. companies appear to have a clear technical

edge, but this advantage has yet to become apparent in the Chinese

market place.

The power industry is generally risk averse in terms of

technologies, and utilities are reluctant to bear the risk of

technology development. Commercialization of new technologies in

the power industry usually requires heavy government subsidies,

which are unavailable in China. The decentralization of the

overall Chinese system makes such subsidies increasingly difficult

to obtain.

Unfortunately, due to limited capital availability,

environment control is still a low priority in China, and demand

for expensive CCTs is limited. However, in two areas, U.S.

investors appear to have opportunities. The near term opportunity
_

is the Circulating Fluidized Bed Combustion (CFBC) technology

(particularly for co-generation), and in the longer term (after

2005), Integrated Gasification Combined Cycle (IGCC). China is

presently unable to build the Circulating FBCs used in the United

States. This technology is quite suitable for the typical power
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plant scales in china and variable qualities of coals being used.

China's total coal demand is projected to reach at least 1,500

Mt by the year of 2000, but domestic coal supply, based on current

development plans, is unlikely to meet this demand. Coal shortages

and imports are projected in the south-east coastal regions, and

will result in export opportunities for other coal exporting

countries in the Asian region.

China has over 400,000 industrial boilers which consume about

330 Mt of coal per year. The average efficiency is about 50

percent, compared to the potential of 65-70 percent. In addition,

these boilers are major sources of air pollution. This size of the

market for industrial boilers is large, however, with a large

domestic industry, the share open to imports appears limited.

i Although residential coal consumption only accounts for 16

percent of coal consumption, the largest share of coal related

pollution in cities appears to come from home heating and small

industrial boilers. Again, due to a large domestic industry, there

appear to be limited opportunities for imported technologies.

The large demand of electricity and steam makes co-generation

a very attractive option in China. Co-generation could provide

both electricity and steam and raise overall energy efficiencies

above 70 percent. Steam demand is mostly located in cities and

industrial centers with high population densities, therefore

emission cQntrols are very important, circulating FBC plants

appear to have considerable promise in this area.

22



Barriers to United States Investors

The Risk of Devaluation of the Chinese Currency (RMB)

The most obvious risk to foreign investors is continued

devaluation of the RMB. Since electricity generated in China will

mainly be consumed by domestic consumers, most of the revenues

generated from electricity sales are likely to be RMB. The two

principal risks in this area are exchange rate risk and

convertibility risk. The exchange rate risk can be handled by

agreeing to a formula to correct for the relative devaluation of

the RMB against the designated foreign currency. However, the

Chinese may ask for a similar clause to correct for the possibility

of appreciation of the RMB, which as previously discussed may

occur.

With respect to the convertibility risk, the simplest solution

is for the Chinese side to pay a pre-determined portion of the

electricity revenue in hard currency. This approach has been

utilized in (foreign exchange-rich) coastal province. In addition,

in selected cases, utilities are beginning to charge some retail

customers in hard currency. However, it is likely that most RMB

will have to be converted to hard currencies in the swap market.

Compared to U.S. investors who focus on a few sectors,

including the power sector, Hong Kong and other overseas Chinese

investors have much broader business involvements in China, and can

more readily use RMB profits within China. In the long term, the

most successful equipment suppliers to the Chinese power sector is

expected to be those foreign companies that develop power plant and
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CCT manufacturing facilities in China through joint ventures with

reputable Chinese companies.

In January 1994, China eliminated the official exchange rate,

which at 5.7 yuan to the U.S. dollar was far from the black market

(real) exchange rate of 8.5-9.0 yuan to the U.S. dollar. The

current exchange rate of about 8.7 yuan to the U.S. dollar reflects

the open market exchange rate. Currently, demand for the dollar is

high due to: (i) speculative holding of dollars in expectation of

high inflation rates and devaluation of the RMB ; and (2) high

demand for imported goods. Under the assumption that reasonable

economic and political stability is maintained in China, the

outlook over the next few years is for only modest devaluation of

the RMB, and toward the end of the 1990s, the RMB might appreciate

against the U.S. dollar.

Competition From Low cost Domestic power Plants

The capital cost of China's domestically produced coal-fired

power plants is presently about $400/kw, more than 50 percent below

the capital costs of power plants from industrialized countries.

Even assuming that the price of Chinese power plant technologies

increases with the development of more advanced technologies, costs

will still be far below imports. The long-term markets for

technology exports to China will be for the most sophisticated

technology .and control elements for power plants that cannot be

manufactured at the right scale and volume in China.
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VI. CONCLUSION

The rapid economic growth in China is supported by fundamental

economic factors that are expected to continue through at least the

1990s. High economic growth will lead to continued rapid growth in

the power industry. The decreased share of state investment in the

power sector will result in a shortage of available capital (a

minimum of 30 percent) in the power industry during the rest of the

1990s. To close this gap, the electricity tariff system is being

modified to improve power plant profitability and attract more

investment from foreign and local investors.

Coal-fired plants will continue to dominate expansions in

power generation. Coal-fired capacity is projected to increase

from 117 GW in 1993 to 195 GW in 2000 and 320 GW in 2010. Coal

related environmental pollution is very serious in China, and China

is projected to become Asia's leading user of domestic and imported

CCTs by 2010. The present U.S. technology edge in CCTs should

result in substantial export opportunities to China, mostly after

2000.

The risk in exchange rates and hard currency repatriation is

a barrier to foreign investors in China's power industry. However,

it is likely that the rapid devaluation of the past is over, and a

strengthening of the RMB may occur in the late 1990s.
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Table I. Installed Electricity Generating Capacity,

Electricity Generation and Energy Mix in China: 1980-1993

...... Installed capaciiy ........... Elactric!ty Generation ........... GNP
Total Hydro Thermal Coai........Total Hydro Thermal Coal' Growth

,, (GW) , (%) (.%) (%) _TWh) (%) (%) (%) Index
..... 1980 66 31 69 '5i '" 301 19 81 .... 59 ..... 100

1981 69 32 68 51 309 21 79 59 105

1982 72 32 68 52 328 23 77 59 114

1983 76 32 68 54 351 25 75 59 125
, 1984 80 32 68 55 377 23 77 63 150

1985 87 30 70 58 411 23 78 65 162
1986 94 29 71 61 450 21 79 69 176

1987 103 29 71 62 497 20 80 7e 194
1988 115 28 72 63 545 20 80 70 218
1989 127 27 73 64 585 20 80 70 224

1990 138 26 74 66 621 20 80 71 236
1991 151 25 75 66 678 18 82 72 253

1992 165 25 75 66 742 18 82 72 285
1993 178 25 75 66 815 18 82 72 322

C_0wth'80-93 "8.0 ....... 8.0 .......... 9.4
.........

Source: Electric Power Industry in China, 1991, 1992; Energy in China, 1992, and People's Daily
- Overseas Edition.
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Table 2. Projections of Electricity Generating Capacity
and Electricity Generation in China: 1994-2010

..... Installed Capaci!Y (GW) Electricity .Generat!on (TWh).-
Year .... High ,,Medium.......... Low High b,.tedium . .Low
1992 165 165 165 742 742 742
1993 178 178 178 815 815 815

1994 196 192 188 890 876 865
1995 215 207 199 971 941 919
1996 237 223 2 I0 1060 1012 975

1997 260 240 222 1157 1088 1036

1998 286 258 234 1263 1169 1099
1999 314 278 247 1379 1256 1167
2000 345 300 261 1506 1350 1239

' 2001 372 ...................3i7 ........... 273 1611 ' 'i427 i294

2002 401 336 285 1724 1509 1351
2003 432 356 298 1845 1594 1411
2004 465 377 312 1974 1685 1473

2005 501 399 326 2112 1781 1538
2006 539 422 340 2260 1883 1606

2007 581 447 356 2418 1990 1677
2008 625 473 372 2587 2103 1752

2009 673 501 388 2768 2223 1829
2010 725 S30 406 2962 2350 1910

Source: EWC Coal Project, 1994.

Assumptions

' ' ' , .....High ..... Medium .... Low
1994-2000 2001-2010 1994-2000" 2001-2010 '' 1994-2000 2001-2010

ii L

GNP Growth 9.0% 7.0% 8.5% 6.5% 7.0% 5.0%

Elasticity 1.1 1.1 0.9 0.9 0.8 0.8

Capacity Growth 9.9*4 7.7% 7.7% 5.9% 5.6% 4.5%
- Generation Growth 9.2% 7.0% 7.5% 5.7% 6.2% 4.4%
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Table 3. Electricity Elasticity in Asia-Pacific Economies: 1980-1990
1

| ....

GDP Growth Rate Electricity Growth Rate Electricity Elasticity

. (percent) ..... (percent,) ..
China 9.2 7.5 0.82

iJapan 4.2 4.0 0.95
Taiwan 7.7 8.1 1.05
S.Korea 8.3 11.5 1.39

Hong Kong 7.0 8.6 1.23
Thailand 7.6 11.8 1.55
iAustralia 3.1 4.9 1.58

IMalaysia 6.2 9.3 1.50
,India 5.8 9.1 1.57
New Zealand 1.9 3.2 1.68

Indonesia 6.0 12.0 2.00

Philippines 1.9 ...... 3.9 . 2.05.....

Source: Coal Information 1992, International Financial Statistics, and UN

Energy Statistics Yearbooks, 1983-1990.

Table 4. Electricity Elasticity in China

' Economic Growth Rate* Electricity Growth Rate Electricity Elasticity

(percent) (percent)
_1952:-1970' 6.2 ............ 16.6 ...... 2".68 ........
1971--1980 5.8 10.0 1.73

1981-1990 9.0 7.5 0.84
1991--1993 10.9 9.5 0.87

.....

Note: National income growth rates before 1980 and GNP growth rates after 1980.

Source: China Statistical Yearbook, 1992; Energy in China, 1992', People's

Daily(OverseasEdition) 9/25/93.
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Table 5. Electricity Capacity and Generation of 15 Networks (in 1991)

..... Installed capacity Electricity Generation Load
Total Share of Hydro Total Share of Hydro Factors

..(MW) .....China (%) (TWh) China (%) (%)
Northeast Power Network NEPN 23013 15 17 103 15 "' II " 86
North China Power Network NCPN 18836 12 5 97 14 1 90

!East China Power Network ECPN 23757 16 11 119 18 6 90

Central China Power Network CCPN 22004 15 37 102 15 34 91
Northwest Power Network NWPN 9406 6 47 46 7 34 83

Shandong Provincial Grid SDPG 9064 6 1 49 7 0 87
Fujian Provincial Grid F.IPG 3238 2 49 14 2 35 83

Guangdong Provincial Grid GDPG 8937 6 24 38 6 13 86
Guangxi Provincial Grid GXPG 2747 2 52 12 2 44 84
Sichuan Provincial Grid SCPG 7006 5 32 32 5 32 85
Yunnan Provincial Grid YNPG 2936 2 57 12 2 61 82=

Guizhou Provincial Grid GZPG 2198 1 42 10 2 32 87
Hainan Provincial Grid HNPG 626 0 30 1 0 39

Xinjiang Autonomous Region XJAR 2142 I 24 8 I 19

)Cur.angAutonomous Re_ion XZAR 167 0 . . 73 .... 0 ....... 0 74
Total of 15'Networks i'36074 90 23 643 95 17 88

.............

Source: Electric Power Industry in China, 1992.
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Table 6. Distribution of Exploitable Hydropower Resources

, , , ............

Annual

Capacity Share of Generalion Share of' Operating

(,.M.W) China, (TWh) . .China Hours
Northeast Power l_etwork NEPN 12045 3.1 38.4 20 3187

Liaoning 1633 0.4 5.6 0.3 3419
Jilin 4379 I.I 11.0 0.6 2502

• _ ,.)Helongjiang 6032 1.6 21.9 I I .,6,3
NorthChina Power Network NCPN 6920 1.8 23.2 1.2 3356

Beijing,Tianjin,Hebei 1837 0.5 4.2 0.2 2274
Shanxi 2640 0.71 10.7 0.6 4053

Inner Mongolia 2443 0.6 8.4 0.4 34181
East China Power Network ECPN 5634 1.5: 17.5 0.9 3103

Shanghai, Jiangsu 98 0.0 0.3 0.0 3179:

Zhejiang 4655 1.2_ 14.6 0.8 3128:
Anhui 882 0.2 2.6 0.1 2960:

Central China Power Network CCPN 60971 15.7 228.5 11.9 3748,

Henan 2929 0.8 11.2 0.6 3811
Hubei 33095 8.5 149.4 7.8 4514

Hunan 19838 5.1 48.9 2.5 24641

Jiangxi 5109 1.3 19.1 1.0 3730
Northwest Power Network NWPN 33403 8.6 144.5 7.5 43271

Shaanxi 5507 1.4 21.7 1.1 3941

Gansu 9110 2.4 42.4 2.2 46591

Qinghai 17991 4.6i 77.2 4.0 4292 _

Ningxia 795 0.2 3.2 0.2 3977
Shandong Provincial Grid SDPG 108 0.0 0.2 0.0 2200

Fujian Provincial Grid FYPG 7051 !.8 32.0 1.7 4541
Guangdong Provincial Grid GDPG 6390 1.6 24.0 1.2 3753

Guangxi Provincial Grid GXPG 14183 3.7 63.9 3.3 4509
Sichuan Provincial Grid SCPG 91665 23.7 512.3 26.7 5589

Yunnan Provincial Grid YNPG 71168 18.4 394.5 20.5 5543
Guizhou Provincial Grid GZPG 12918 3.3 65.2 3.4 5051

Xinjiang Autonomous Region XJAR 8535 2.2! 46.0 2.4 5387

XizangAutonomous Region XZAR 56593 14.6 330.0 17.2 58.3..2
Total 387582 1000: 1920 1000 4055

...............

Source: Electric Power Industry in China, 1992,
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Table 7. Installed Power Capacity by Fuel

' 1980 1993 1 2000 2010

.... GW Share GW share ' GW Share .... GW Share

Total ..... 66 '100 ' 178........ 100: ' 300 ' ' 100 530 10(3

Coal 34 51 117 66! 195 65 320 60

Hydro 20 31 45 25i 75 25 140 26
Oil & Gas 12 18! 14 8 20 7 30 6

Nuclear 0 0_ 1 1 7 2 35 7

Other 0 0' 1 1 3 1 5 1..... . , , m i i i ,t . ,, ,. .,,,.

Source: Energy in China, 1992; Electric Power Industry in China 1991-1992; People's Daily
Overseas Edition, and EWC Coal Project estimates.
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Table 8. Principal Thermal Power Plants (600MW and above) as of end 1991

....... Ca.oacIQ'(MW) Fuci

NO. , Name ....... Locatio n ..... Network '"Design , ,, E,xisi'lng
Total 74317 55307

1 Qinghc Liaoning NEPN 1300 1300 coal, oil
2 Jinzhou Liaoning NEPN 1200 1200 coal

3 Liaoning Liaoning NEPN 1050 1050 coal, oil
4 Dalian Liaoning NEPN 700 700 coal

5 Ticling Liaoning NEPN 1200 0 coal
6 Changshan Jilin NEPN 693 693 coal
7 Jilin lilin NEPN 850 850 coal. oil

8 Fularji No.3 H¢ilon_iang NEPN 1200 1200 coal
9 Mudanjiang Hcilongjiang NEPN 820 820 coal
10 Shuangyashan Hcilongjiang NEPN 820 610 coal
11 Harbin No.3 Heilongjiang NEPN 1600 400 coal

12 Daqing Heilongjiang NEPN 600 200 coal
13 Yuanbaoshan Inner Mongolia NCPN 900 900 coal

14 Tongliao Inner Mongolia NCPN 1200 800 coal
15 Fengzhen Inner Mongolia NCPN 600 400 coal

16 Gaojing Beijing NCPN 600 600 ,coal

17 Shijingshan Bcijing NCPN 600 600 coal
18 Dagang No. 1 Tianjin NCPN 640 640 oil

19 Dagang No.2 Tianjin NCPN 640 640 coal
20 Junliangclmng Tianjin NCPN 840 640 icoal,oil
21 Douh¢ Hebci NCPN 1550 1550 !coal

22 Xingtai Hebei NCPN 1290 1090 coal
23 Matou Hcbei NCPN 850 850 coal

24 Shang'an Hcbci NCPN 700 700 coal

25 Shalingzi Hebci NCPN 1200 300 !coal
26 Xibaipo Hcbei NCPN 1200 0 icoal
27 Shentou Shared NCPN 1300 1300 coal

28 Shentou No.2 Shanxi NCPN 1000 0 _coal

29 Datong No.2 Shanxi NCPN 1200 1200 coal

30 Zhangze Shanxi NCPN 1040 1040 coal
31 Shidongko Shanghai ECPN 1200 1200 coal

32 Shidongko No.2 iShanghai ECPN 1200 0 coal

33 Wujing Shanghai ECPN 950 750 coal
34 Minhang Shanghai ECPN 818 8 i8 coal
35 Baoshan Shanghai ECPN 700 700 coal,BFG

36 Jianbi Jiangsu ECPN 1625 1625 coal
37 Xuzhou Jiangsu ECPN 1300 1300 coal

38 Wangling Jiangsu ECPN 1!00 1100 coal,oil
39 Nantong Jiangsu ECPN 700 700 coal

40 Ligang Jiangsu ECPN 700 0 coal
41 Nanjing " Jiangsu ECPN 60(I () coal

42 Changshu Jiangsu ECPN 1200 t) coal
43 Bcilungang Zhejiang ECPN !2(X) () coal

44 Zhcnhai Zhejiang ECPN 1050 I05() coal. oil
45 Taizhou Zhcjiang ECPN 750 750 coal

46 iPingwci Anhui ECPN ....! 2(X) ..... 6!X) coal
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Table 8. Principal Thermal Power Plants (Continue)

Capacity (MW) Fuel
NO. Name Location Network Dcsi_.n, Existing
.t7 Huai_i ..... Anhui ....... ECi_N' 95(} 750 coal ..........
48 Huainan Anhui ECPN 600 600 coal
49 Luohe Anhui ECPN 600 600 coal
50 Fuzhou Fujian FJPG 700 700 coal
51 Zouxian Shandong SDPG 1200 1200 !coal
52 Shiheng Shandong SDPG 735 735 icoal
53 Shiliquan Shandong SDPG 625 625 coal
54 Huangtai Shandong SDPG 925 925 coal
55 Longkou Shandong SDPG 600 600 coal
56 )(indian Shandong SDPG 600 600 oil
57 Huangdao Shandong SDPG 670 670 coal
58 Hualu Shandong SDPG 1200 600 !coal
59 Weifang Shandong SDPG 600 0 coal
60 Yaomeng Henan CCPN 1200 1200 coal
61 Jiaozuo Henan CCPN 1224 1024[coal
62 Hanchuan Hubci CCPN 1200 600 coal

63 Qingshan Hubei CCPN 674 674 coal, oil
64 Jingmen Hubci CCPN 600 600 !coal
65 Yangluo Hubei CCPN 600 0 coal
66 Yueyang Hunan CCPN 700 700 !coal
67 linzhushan Hunan CCPN 600 600 coal

68 Jiujiang Jiangxi CCPN 650 450 Lcoal
69 Ginling Shaanxi NWPN 1050 1050 coal
70 Weihe Shaanxi NWPN 1200 300 Lcoal

71 Jingyuan Gansu NWPN 800 600 coal
72 Daba Ningxia NWPN 600 300 coal
73 Luohuang Sichuan SCPG 700 700 coal
74 Chongqing Sichuan SCPG 696 696 coal
75 Jiangyou Sichuan SCPG 660 660 coal
76 Qingzhen Guizhou GZPG 658 658 coal
77 Huangpu ,Guangdong GDPG 1100 1100 coal, oil
78 Shajiao A Guangdong GDPG 1200 600 coal
79 Shajiao B Guangdong GDPG 700 700 coal
80 Shaoguan Guangdong GDPG 624 624 coal
81 Zhujiang Guangdong GDPG 600 0 coal
82 Shenzhen Guangdong . GDPG . 600 0 coal .

1"otalexisting _pacity (MW) 55'307
Totaldesign capacity (MW) 74317
Capacie,.'under construction !9010
Share in thermal (exisiing) 49 There is no duel-firedor oil-fired underconstruction
iOil.fired 124{}Dual-fired (coal-oil) 7764
Share of oil-fired in design. !.7 Share of duel-fired in design. 10.4
Share of oil.fired in existing,. 2.2 Sharc of dual-firedin existing. 14.0
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Table 9. Fuel Consumption of Thermal Power Generation

Yea'r " Coal Oil Gas Coal Oil Gas Total Share of fuel (%)

(,Mt.) ,(.Mr) ,,, (BC,M) (MTOE), (,MT,O.E,),,,(MTOE,). (MTOE) Coal Oil .... Gas
1979 106.7 16.4 0,17 53 16.4 0.2 70 76 23 02
1980 109.7 16.3 0.21 55 16.3 0.2 71 77 23 0.3

1981 109.9 15.8 0.18 55 15.8 0.2 71 77 22 0.2
1982 117.1 15.2 0.22 59 15.2 0,2 74 79 21 0.3

1983 125.6 14.5 0.20 63 14.5 0.2 77 81 19 0.2

1984 140.8 13.8 0.28 70 13.8 0.3 84 83 16 0.3
1985 156.6 13.5 0.36 78 13.5 0.3 92 85 15 0.4
1986 192.5 13.5 0.55 96 13.5 0.5 110 87 12 0.5

1987 196.5 13.4 0.57 98 13.4 0.5 112 88 12 0.5
1988 223.9 14.3 0.42 112 14.3 0.4 I27 88 11 0.3

1989 274.3 17.1 0.94 137 17.1 0.9 155 88 11 0.6
1990 291.0 15.5 0.97 146 15.5 0.9 162 90 10 0.6

1991 325.9 15.0 1.06 163 15.0 1.0 179 91 8 0.5

Source:EnergyinChina,1992.
Note:HeatcontentofKgceis7000Kcal(Kgoeis10,000Kcal)
Heatcontent:Coal5000Kcal/kg,Oil 10,000Kcal/kg,Gas9310Kcal/CM.
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Table 10. Nuclear Power Development Plans

' ' Plant ....... Capacity(MW) ..... Schedule Technology

Name , , Location ...........D,esi_n , Existing ,, , Status ......... 0,p!i0,ns
Total in 2010 35000
Total in 2000 7000
Total in 1993 1200

Qingshanl Zhejiang.... 300 _-300 ..... 82-9'1 ........ Domestic "'
Qingshan II Zhejiang 1200 0 Construction Domestic
QingshanIII Zhejiang 1200 0 Planning Domestic
Zhejiang II Zhejiang 2000 0 Planning Imported
Daya Bay Guangdong 1800 900 87-93 (94) France
Shantou I Guangdong 2000 0 Planning Imported
Shantou II Guangdong 4000 0 Planning na
Yangiiang I Guangdong 4000 0 Planning Imported
Yangiiang II Guangdong 2000 0 Planning na
Guangdong IV Guangdong 6000 0 Planning na
Wentuozi Liaoning 2000 0 Planning Russia
Dongfang I Hainan 350 0 Planning Domestic
Don_fang II Hainan 350 0 . P!annin$ Domestic
na Fujian 1200 0 Site Selection Domestic
na Jiangsu 1500 0 Site Selection Domestic
na Jiangxi 900 0 Site Selection Domestic
na Shandong 1200 0 Site Selection Domestic
na Southwest 1200 0 Site Selection Domestic
na Other 1800 0 Domestic

............

Note: Numbersand technology options in italics areestimatedby the author.
Source: ChinaDaily, AsianEnergyNews, ChinaNewsletter, and Energyin China 1992.
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Table 11. Investment in Power Basic Construction Projects

......... Investment('i0o millionyuani ........ Shareof Investment(°,4) '-J Ji = i i

Year Total Thermal Hydro Thermal Hydro
i i i ,J , i. i, i ,, i l i, i, ,, ill,. lllll i • ,, ,, ....• i i i , j , , ,, , rt,,,,,,,,I, ,i, ...........

1953 2.6 1,6 1.1 59 41
1954 3.9 2,2 1,7 56 44
1955 5.4 3,8 1,6 71 29

1956 7,2 4.9 2.4 67 33
1957 10.7 7.4 3.3 69 31

1958 20.5 11,5 9.0 56 44
1959 27.6 16.6 10.9 60 40

1960 29.6 15.5 14,1 52 48
1961 7.6 3,7 3.9 49 51

i 1962 3.6 1.2 2.4 34 66
1963 3.9 1.8 2.1 46 54

1964 6.5 3.1 3,4 48 52
1965 11.7 6.3 5.4 54 46

66--70 68,6 32.7 36.0 48 52
71--74 98.7 46.0 52.7 47 53

1975 30.7 15.1 15.6 49 51
1976 34.0 18.8 15.2 55 45

1977 34.7 17.5 17.2 51 49
1978 50.9 23.3 27.6 46 54
1979 51.0 20.5 30.5 40 60

1980 48.1 19.1 29.0 40 60

1981 40.1 14.6 25.6 36 64
1982 46.2 18.2 28.1 39 61

1983 57.5 25.1 32.3 44 56
1984 77.0 38.3 38.7 50 50

1985 109.5 50.0 59.4 46 54
1986 161.6 85,3 76,3 53 47

1987 210.9 106.7 104.2 51 49
1988 249.7 146,2 103.5 59 41
1989 267.9 153.0 114.8 57 43

1990 334,6 195.2 139.3 58 42
Tot,,I '  11z  lbs io07 .....52 4s

-- . ...... . ,. , ,, , ,,.,., ,, ,..., , ,

Source: China Energy Statistical Year Book, 1991.
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Table 12. Large llydropower Stations (250 MW and above) as of end 1991

-N0' ..... N'ant¢ ....._ .............. River Location Capacity(MW) Gcucration Opcratlng
,, d ......... Total. Existing (TWh) , Hours

1 Shuifeng Yalujiang Liaoning 63{) 630 393 6238
2 Fengman Songhuajlang Jilin 639 639 1,96 3{)67
3 Yunfcng Yalujiang Jilin 400 400 1.75 4375
4 Baishan Songhuajiang Jilin 1500 1500 2.04 1360
5 Laohushao Yalujiang lilin 390 390 1.20 3077
6 Panjiakou Luanhe Hcbci 390 390 0.56 1446
7 Xin'anjiang _Xin'anjiang Zhejiang 663 663: 1.86 28{)8
8 Fuchunjiang Qiantangjiang Zhejiang 297 297 0.93 3129
9 Jinshuitan Quijiang Zhejiang 300 300 0.49 1633
10 Wan'an Ganjiang Jiangxi 500 500 1.05 2100
11 iShaxikou Shaxi IFujian 300 300 0.96 3200
12 Shuikou Mingjiang Fujian 1400 0 4.95 3536
13 Zhaxi Zishui Hunan 448 448 2.20 4916

14 'Fengtan Youshui Hunan 400 400 2.04 5I00
15 Dongjiang Laishui Hunan 500 500 1.32 2640
16 iWuqiangxi Yuanshui Hunan 1200 0 5.37 4475
17 iDanjiangkou Hanjiang Hubei 900 900 3.83 4256
18 Gezhouba Changjiang Hubei 2715 2715 14.10 5193
19 Gchcs"an Qingjiang Hubci 1200 0 3.04 2533
20 Sanmenxia Huanghe Henan 250 250 1.31 5240
21 Xinfengjiang Xinfensjiang Guangdong 293 293 1.17 4000
22 Ouangzhou Tributaryof LiuxiRiver Guangdong 1200 0 2.38 1983
23 Dahua Hongshuihe Guangxi 400 400 2.05 5125
24 Yantan Hongshuihe Guangxi 1100 0 5.37 4882
25 Gongzui Daduhe Sichuan 700 700 4.12 5886
26 Baozhusi Bailongjiang Sichuan 640 0 2.28 3563
27 Tongjiezi Daduhe Sichuan 600 0 3.21 5350
28 Ertan Yalongjiang Sichuan 3300 0 17.00 5152
29 Wujiangdu Wujiang Guizhou 630 630 3.34 5302
30 Tianshengqiao-II Nanpanjiang Guizhou/Guangxi 880 0 4.92 5591
31 Tianshengqiao-I Nanpanjiang Guizhou/Guangxi 1200 0 5.38 4483
32 Lubuge Huangnihe Yunnan/Guizhou 750 750 2.75 3667
33 Dongfeng _Wujiang Guizhou 510 0 2.42 4745
34 Manwan Lancangjiang Yunnan 1000 0 5.48 5480
35 Yanguoxia Huangh¢ Gansu 396 396 2.15 5429
36 Liujiaxia Huanghe Gansu 1225 1225 5.58 4555
37 Bikou Bailongjiang Gansu 300 300 1.46 4867
38 Qingtongxia Huanghe Ningxia 272 272 1.04 3824
39 !Ankang Hanjiang Shaanxi !000 1000 2.86 2860
40 Longyangxia Huangh¢ Qinghai 1280 1280 5.98 4672

4! Lijiaxia - Huanghe Qi.ghai ...... 2000 ol 59o 2,/5o
Total/Average 34697 18467 142 4085
Total Capacity Under Constn_ction(MW) 16230
Share of China's Total Hydro Capacit.v(%)................. 49 ............

Source: Elcctric Powcr lndustn.'in China. 1992.
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Table 13. Major Generating Units in 1991

Fossil-Fired Units (100 MW and above)

.................... Capacity Generation Annual Weighted Weighted

Rating No.of Total Share Average Total Share Operating PLF Average Average

(MW) units (MW) , (%) (MWH) (TWh) (%) Hours % EAF (%) , EFOR (%)
100 105 10500 18 587017 62 18 5870 67 87.86 1.97
110 6 660 1 730862 4 1 6644 76 82,32 2.19

120 2 240 0 557684 1 0 4647 53 65.49 12.84
125 68 8500 15 789630 54 16 6317 72 86.19 4.10

200 112 22400 39 1191425 133 39 5957 68 80.57 7.28
210 6 1260 2 1074632 6 2 5117 58 70.71 13.20

250 2 500 1 1910778 4 1 7643 87 92,75 0,92
300 28 8400 14 1745572 49 14 5819 66 81.01 8.62

320 2 640 1 1120885 2 1 3503 40 75,22 12.12
330 1 330 I 540788 1 0 1639 19 48.52 28.88

350 10 3500 6 1760540 18 5 5030 57 78.14 6.14
600 2 1200 2! 2316610 5 1 3861 44 57,18 18.03

Sub-total 2'99 58130 '100 ...... 338 i00 5782 66 82.24 6.15
III IJ I J I I I II JJl I Jill IINI II I I

Share of thermal 51 61
,, II I I II I I I IIII II II II i iiim i i i n i

Hydropower Units (40MW and above)
" Capacity Generation Annual Weighted" Weighted

Type No.of Total Share' Average Total Share Operating PLF Average Average

units (MW) ....(%) (MWH).......(TWh)...(%) ,Hou.rs % ,EAF (%),, EFOR (°4)
Axial 53 4748 27 423438 22 34i 4727 54 93,07 0.41

Francis 134 12701 73 329642 44 66' 3478 40 92.17 0.43
Sub-total 187 '17448 ' 100 ......... 67 100 3818 ...... 44 ' ' 92.47 0.42

Share ofl_ydro ' 46 ........ 53.. ". ' , , .....

Source: Electric Power Industry in China, 1992.

EAF: Equivalent availability factor. EFOR: Equivalent forced outrage rate.
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Table 14. Main Indicators of Power Industry (6 MW and above)

....... 19801 1985 1986 1987 1988 1989 1990 1991 1992

Nei Coal Consl is/kwh) _ 448 431' 432 432' 431 432" 427 423 ' '419!
Efficiency 27.4 28.5 28.4 28.4 28.5 28.4 28.8 29.0 29.3
Plant use (%) 6.44 6.4 6.5 6.7 6.7 6.8 6.9 6.9 6.9

Thermal 7,65 7,8 7.8 7.9 7.9 8.1 8.2 8.1 8.1

Hydro 0.19 0.3 0,3 0.3 0.3 0,3 0.3 0.3 0.3
Line Loss Rate (%) 8.93 8.2 8.2 8.5 8.2 8,0 8.1 8.2 8.2
Utilization Hours 5078 5308 5388 5392 5313 5171 5036 5030 na

Thermal 5775 5893 5974 6011 5907 5716 5413 5451 na

Hydro 3293 3853 . 3882 3771 ,3710 .3691 ,,,38,09 3675 , na

Source: Energy in China, 1992.
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Table 15. China's Investment Needs for Electricity Development

Installed Capacity (GW)
.......... Total C0al-fired Hydro N'uclear Other CCTs il) CCTs (D'i

I
ii i iii ii 1 11 i i ill ii i i i iii 1

1992 165 110 41 0.3 13.7 0.7 0
2000 300 195 75 7 23 !3 41
2010 530 320 140 35 35 65 114

lm._.

New Capacity (GW)

....... _ Total ,Coal-fired HYdro Nuclear ,Other. CCT i(l) CCTs(D)
1993-2000 135 85 34 6.7 9,3 12.3 41
2001-2010 230 125 65 28 12 52 73

1993-2010 365 210 99 35 21 64 114

Average (93-201'0) 20.3 i l.7" 5.5 ].9 ].2 3.6
L II II

6,3

1993-20o0 16.88 10.63 4.25 0.84 1.16 1.54 5.13
2001-2010 23.00 12.50 6.50 2.80 1.20 5.20 7.30

Capital Cost of New Capacity ($billion)
....... Total, Coal-fired Hydro Nu'ci'ear 0th'er' CCTs (I) CCTs (D)' Total C_Ts

1993-2000 89.3 42.5 30.6 10.1 3.7 1.0 1.4 2.4
2001-2010 174.6 62.5 58.5 42.0 4.8 4.4 2.4 6.8
1993-2010 263.9 105.0 89.1 52.1 8.5 5.5 3.8 9.2

Average (93-2010) lZl.7 5.8 ...... 5,6 .... 2.9 ..... 0.5' 0.3 0.2 0.5
1993-2000 11.2 5.3 3.8 1,3 0.5 O.1 0.2 0.3

2001-2010 17.5 6.3 5.9 4.2 0.5 0.4 0.2 0.7

Retrofitting of Existing Coal-fired Capacity
Capacity Cost

.... (MW) ($billi0n) ......
1993-2000 28.05 4.66

2001-2010 37.95 6.30
1993-2010 66.0 11.0

i i i

Average i93-2010) 3.7 016
1993-2000 3.5 0.6
2001-2010 3.8 0.6

' CapitalCost of New C'apaeityand Retrofitting Capacity($billion)
" Total Coal-ft"red Hydro NUcicar Other. CCTs (I) ccT's (D).Total ccTS

1993-2000 93.9 47.2 30.6 10.1 3.7 1.0 1.4 2.4

200!-2010 180.9 68.8 58.5 42,0 4.8 4,4 2.4 6.8
1993-2010 274.9 116,0 89.1 52.1 8.5 5.5 3.8 9.2

Average (93-201'0) 15.3 6.4 .... 5.0 2.9 " 0.5 ' 0,3 0.2 ' 0.5
1993-2000 11.7 5.9 3.8 1.3 0.5 0.1 0.2 0,3
2001-2010 18.1 6.9 5.9 4.2 0.5 0.4 0.2 0.7

ii i i i i ii ill l i

Note: dollars ($) refer to constant 1994 US dolars 40



Assumptions of Table 16
Hydro 900 Smillion/GWinstalled
Nuclear 1500 Smiilion/GWretrofitted
Coal-fired 500 Smillion/GWinstalled
Other 400 Smillion/GWinstalled

17 % coal-fired retrofitted within 8 years
40 % coal-fired retrofitted within 18years

Retrofite 166 $million/GWretrofitted

CCTs (Imported) 85 $/KW
CCTs (Domestic) 33 $/KW

Exchan_:erate ...... 8.7 yuan per US dollar ......
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Table 16. Power Projects Using Foreign Loans

" Project Capacity Schedule Loan Source Locatton

......... (MW! . ,($million) ............
Total 36270 9336

i • ii r t i ii i i i i i i i i wi ii i ill ii i i

Hydropower ........ 20970 4110
Lubuge 600 84--90 14! World Bank Yunnan
Shuikou 1400 87-92 240 World Bank Fujian
Yantan 1210 84--93 52 World Bank !Guangrxi
Ertan (Phase I) 3300 91--2000 380 World Bank ISichuan
Tianhuangping 1800 93--97 300 World Bank iZhejiang
Longtan (Phase I) 4200 94-.2002 1300 World Bank IGuangxi
Hongjiadu* 540 94--2001 200 World Bank Guizhou
Wuqiang:,d 1200 88-96 200 OECF (Japan) Hunan
TSQ-II 880 84--93 478 OECF (Japan) Guizhou
Shisanling PS 800 90--95 100 OECF (Japan) Beijing
TSQ-I* 1200 91--98 160 OECF (Japan) Guizhou
Guangzhou PS (P-l) 1200 88-94 200 France Guangdong
Geheyan 1200 88-93 108 Canada Hubci
Guangzhou PS (P-ll)* 1200 93-97 200 ADB Guangdong
Lin[intan* 240 94-99. ,, 50 , ADB ........ Hunan ......
Thermal Power 15300 4767
Beilungang 1200 86-93 390 World Bank Zhejiang
Wujing 600 88-92 190 World Bank Shanghai
Zouxian 1200 92-96 310 WorldBank Shandong
Yanshi 600 92-95 200 WorldBank Henan

Yangzhou* ' 1200 93-97 300 WorldBank Jiangsu
Ligang 700 ......88-92 ..... 246 Spain& Italy Jiangsu
Ezhou* 600 92-95 250 OECF(Japan) Hubci
Sanh¢* 600 93-% 250 OECF(Japan) Beijing
IJiujiang* 600 93-96 250 OECF (Japan) Jiangxi
iHejin* 600 94-97 250 OECF (Japan) Shanxi
iNanjing 600 89-92 241 Former USSR Jiangsu
JL_ian 1000 89-93 430 FormerUSSR Tianjin
Suizhong 1600 90-95 650 FormerUSSR Liaoning
Yimin 1000 90--95 430 FormerUSSR InnerMongolia
Wentuozi 2000 Agreed na FormerUSSR Liaoning

_ Shidon_kouNo.2 .... 1200...... 88,92, 380 EDC. USA Shanghai _ _
Power Transmission 460

TSQ-ll-Guangzhou 500kv 1050kin 88-93 116 OECF(Japan)
TSQ-II-Guiyang 500kv 285 km 88-92 24 OECF (Japan)

TSQ-I-Guangzhou* 500kv 1lOOkm 94--98 140 OECF (Japan)
Outgoing Lines for* 500kv 2500kin 94-98 180 WorldBank
Ertan Hvdro* .............

Note: *Project financing is still in the process of negotiation
Source: Electric Poxvcrlndustr3'in China 1992. China Daily, Asian Encrg3.'News.
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Table 17. Power Projects Invested by Foreign Private Investors

Name ' capac|ty Schedule Investment Foreign Foreign Location Fucl

. (MW) , , Status ., ($million) ($million) Firms ......
Zhuhai 3720 Contract 3180 1590 "Fhrcc HK firms Guangdong Coal

Daya Bay 1800 87.-93 4000 i000 China Light&Power HK Guangdong Nuclear
Taishan 4920 93--97 2240 1120 na Guangdong Coal

Shajiao C 1980 93-95 1850 1850 Hopcwell IlK Guangdong Coal
Shajiao B 700 85-87 513 513 Hopcw¢li HK Guangdong Coal
Nansha 1200 88-94 380 190 New World IlK Guangdong C_.ai

Yinglongshan 2400 Contract 952 476 Scmbawang Singapore Zhcjiang Coal
Jiangsu 2400 Contract 2400 1680 Wing Merrill US Jiangsu LNG
Anhui 600 94-97 600 600 United Engineers US Anhui Coal

Qinzhou 1320 Contract 1250 750 Hopewell IlK Guangxi Coal
Beihai 600 Contract 692 346 New World HK Guangxi Coal

Mixian 1400 94..97 500 250 Wing Merrill US Hcnan Coal

Dengfeng 1400 94--97 500 250 !Wing Merrill US Henan Coal
Meizhouwan 1200 93-97 1000 !000 IIK, US, Singapore Fujian Coal

Shengli 600 Contract 500 250 Cathay HK Shandong Coal
Zouxian 1200 Contract 600 180 Goldman Sachs US Shandong Coal

Other Shandong na Contract 2000 1000 China Light&Power HK Shandong Coal
Lianyuan 250 Contract 230 115 Time Berhad Malaysia Hunan Coal

Yangcheng I..... 2000 Contract . 1700 400 Strateg!c US Shanxi , Coal
Negotiation - 37230 30950
Yangcheng II 2000 Negotiation 1700 na na Sha_xi Coal

Changzlu 2000 Contacting 1700 na US or IlK Shanxi Coal
Yangquan 2000 Contacting 1700 na US or HK Shanxi Coal

Hequ 2000 Open 1700 na na Shanxi Coal
Seven Others !4000 Open 11900 na na Shanxi Coal

Iinghong 1350 Contract na na Thailand Yunnan Hydro

OtherHopewell 6680 Approached 6250 na HopewellHK 5Provinces Coal

Huhhot 7200 Approached 6000 na na InnerMongo. Coal

Sichuan3 Plants na -Contract na na HI< Sichuan Hydro

Guizhou 2 Plants na Intent na na HK and US Guizhou Hvdro
| i , jl , i i, ,,

iTotal 29690 25087 13'560 ..................

Note: This list is incomplete. Numbers in italics are estimated.

Source: China Daily, Asian Energy News. People's Daily Overseas Edition.
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Table 18. Major Indicators of Power Industry in Asian Economies

.......... 1990 .......

Price Load Factor ....... System

........... USc/KWh , . (%) ........ Losses
China 2.07 89.2 14.4
India 4.42 62.1 28.1

Viet Nam 6.00 26.8
Indonesia 6.14 67.5 20.4

Malaysia 6.65 67.7 16.3
Thailand 7.01 69.5 14.6

Hong Kong 7.18 54.3 11.8
Taiwan 7.22 68.1 9.7
S.Korea 7.48 71.2 10.2

Philippines 7.59 72.1 19.2
Japan 13.36 57.5 10.7, , ,, , , i

Source:ElectricUtilitiesDataBook 1993(ADB);ElectricPower Industryin Japan1991/92.
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Coal Outlook in Asia1

Charies J. Johnson

Program on Resources; Energy and Minerals
East-West Center

Honolulu, Hawaii

1. Introduction (5) competition and prices, and (6) strategic
factors.

The future of coal is dependent on the interac-
tion of a range of government policy, environmen. (1) Coal Resources and Energy Alternatives
tal and market forces that are discussed in this

paper.Revisedprojectionsofcoalsupplyand de- CoalisthedominantenergyresourceofAsia.
mand forthe1992-2010periodareprovidedthat Asia'scoalreservesareequivalenttoabout250
reflecta combinationofanevaluationofeconomic yearsofAsia'scoalproduction,comparedto 55
and energytrendsand subjectiveassessmentsof and 20 yearsreserves/productionratiosfornatu-
factorsinfluencingthefutureofcoalinAsia. ralgas and oil.(BritishPetroleum,1993,and

The roleof coalin Asia is more important CoalProject1993).
thanintherestoftheworld,withAsiadependent Coalisthemostabundantenergyresourcein
on coalforalmost50 percentofitsenergyneeds Australia,China,India,Russiaand Vietnam.In
comparedtolessthan25 percentintherestofthe contrastresourcesofoiland gas are relatively
world.Infactoverthe1982-1992periodcoalcon- limited,andAsiaisalreadyheavilydependenton
sumptioninAsiagrew atabout7 percentperyear oilimports.Therefore,most Asian economies
compared tono growthin therestoftheworld havepoliciestopromotetheuseofcoal-particu-
(BP,1993).Fallingcoalproductionintheformer laxlyforelectricitygeneration.The oilcrisesin
SovietUnion and EasternEuropecontributedto the1970sresultedina shiftingovernmentpoli-
thewide differencebetweenAsiaand therestof ciestosupportincreasedsteamcoaluseforelec-
theworld, tricitygenerationin Hong Kong, Indonesia,

However,aftera_ustingforanomalouscondi- Japan,South Korea,Philippines,Taiwan and
tionsover thelastdecade,Asia isprojectedto Thailand.Thistrendtowardgreatercoalusein
accountfor60-70percentof thetotalgrowthin electricitygenerationisprojectedtocontinueover
coalconsumptionintheworldoverthe1992-2010 the1992-2010period.
period.The recognitionthattheAsianregionwill
remainthe dominantgrowtharea forcoalcon-
sumption,isattractingincreasedinvestmentsin
the region from major international coal com- 1Australiaisincluded,_'ithA_iabecauseofitcloseproximity

panies,aswellas theattentionofequipmentsup- and extensivecoaltradem Asia.Tons are metrictonsand

pliers(includingcoalmining,coal-firedpower dollarssreUSdollars.
plantand relatedenvironmentaltechnologies).

Dr.JohnsonisHead oftheEWC CoalProject.Mr.ScottLong

and Dr.BinshengLiofthe East.WestCenterassistedin

2. Determinants of Coal's Future Role in preparing the projections in this paper. The EWC Coal

Asia2 Project'scoaland CleanCcalTechnologyresearchispartially

supportedbytheFossilEnergyOfficeoftheU.S.Department

Six importantfactorsthatdeterminefuture ofEnergy.

changesin coal production,consumption and
trade are: (I) coal resources and energy alterna- 2 The lintofdeterminant_isa revisedlistfrom the author's

tires,(2)governmentpolicies,(3)environmental paper"CoalDemand inthePacificRim",1992,andaReportof

factors,(4)economicand electricity"growthrates, theExper_ GrouponCleanCoalTechnology,t992.

This paper was originally published in Coal In Asia Pacific, November 1993, vol. 5, No.2, The
New Energy and Industrial Technology Development Organization. The U.S. Department of
Energy, Office of Fossil Energy provided f'mancial support for the preparation of this report
through the Thermal Coal Requirements and Prospects for Clean Coal Technologies in the Asia-
Pacific Region grant no. DE-FG03-92SFI9167.
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f2) Government Policies technologies. All Asian economies are projected
to substantially reduce these pollutants as they

Most governments of Asia have the two key expand and modernize their power plants. Before
energy objectives to reduce the environmental ira. 2000, environmental legislation and goverr_ment
pacts ofcoal burning, while also maintaining high policies are expected to result in the addition of
levels of economic growth. Ensuring that energy sulfur removal technologies to most new coal-
supplies expand smoothly to meet economic fired power plants in Hong Kong, South Korea,
growth is a high priority, even in some cases Taiwan and Thailand.
where this results in some deterioration of the The second category of pollutants are green-
environment, house gases, dominated by CO2, that are very

Governments have considerable influence on costly to control with known technologies The
energy choices through policies, tax incentives response of most Asian governments to the green-
and environmental legislation. This is particular- house gas problem, is to promote greater efficien-
ly true in electricity generation in Asia where cy in power generation, therefore reducing the
most utilities are state corporations. The trend in amount of CO2 per unit of electricity generated.
Asian .governments is to encourage their state Concern about coal's contribution to greenhouse
utilities to adopt private sector management prac- gases has not caused developing economies of
rices. In addition, most governments in Asia are Asia to turn away from coal use, because there are
now encouraging some private power, commonly limited economic energy alternatives for most of
on a build-operate-transfer (BOT) basis, these economies.

(3) Environmental Factors (4) Economic and Electricity Growth Rates

The most importantfactorinfluencingthe The growthratesofelectricityconsumptionare i
longterm growthpotentialofcoalconsumptionis higherthan thegrowthratesof grossdomestic
the environmentaleffectofcoalburning. The product(GDP)inmostAsianeconomies.TableI
impactofenvironmentaltrendsoncoaluseshould shows theaverageannualgrowth rateofGDP
be dividedintotwo categories.The firstcategory and electricityconsumptionofAsianeconomies
includestraditionalpollutants(particulates,SO2 overthe 1981-1990period,with projectionsto
and NOx) thatcan be controlledwith existing 2010. As shown inTable1 formost developing

TableI GDP andElectricityGrowthRatesandProjectionsForCoalConsumingAsianEconomies
1980-2010

GDP Growth(%) ElectricityGrowth(_).....

1981-1990 1991-2010 1981-1990 1991-2010
, w, ,,,, • ii , u m,, , , , ,, ,

China 9.2 7.5 7.5 6.8

South Korea 8.3 7.0 11.5 6.7

Thailand 7.6 7.0 11.8 6.5

Vietnam 4.8 6.7 8.7 10.0

Malaysia 6.2 6.5 9.3 6.5

Indonesia 6.0 6.3 12.0 9.4

Taiwan 7.7 6.3 8.1 5.7

Ilong Kong 7.0 5.7 8.6 5.7

India 5.8 4.8 9.1 6.2

Japan 4.2 3.5 4.0 2.0

Philippines 1.9 3.5 3.9 6.4

Australia 3.1 2.7 4.9 2.7
........................

Source: International Financial Statistics, 1992, U.N. Energy Statistics Yearbook, 1983-1990, and
EWC Coal Project estimates, October 1993.



Table 2 Coal Production in Asia1' 1990-2010

(Million metric tons)

........ Cha ge '
Country 1992 2000 2010 1992-2010

i ill ,, , , i.,, ,,,, , , ,. ,,.. ,

China ..I .....1,110 1,500 1,920 810

India 211 345 550 339

Australia 180 225 305 125

Korea (North) 29 40 50 21

Korea (South) 12 8 5 - 7

Indonesia 23 58 90 67

Japan 8 2 1 - 7

Vietnam 4 8 15 I1

Other 4 10 15 11

Philippines 2 3 5 3
, i ,,, = , , , i , i

Total 1,583 2,199 2,956 1,370
............ ,, ,,, .....

I AsiaincludesAustraliabutexcludesRussia;excludinglignite,EWC CoalProject
projections,1993.

Table3 CoalConsumptioninAsia1:1990-2010

(Millionmetrictons)
,i. ii ii ........................

Increase
Country 1992 2000 2010 1992-2010

,485 i,900 ' 809
India 219 360 575 356

Japan 119 142 155 36

Australia 53 60 70 17

Korea (North) 31 45 60 29

Korea(South) 42 56 80 38

Taiwan 23 35 57 34

Hong Kong 10 13 16 6

Indonesia 7 33 65 58

Vietnam 2 4 9 7

Philippines 4 13 22 18

Thailand 1 6 15 14

Other 10 16 22 12
i, ii l , , ,, i i,

Total 1,612 2,268 3,046 1,370

I AsiaincludesAustraliabutexcludesRussia;excludinglignite;consumptionincludescoal
stocks;EWC CoalProjectprojections,1993.



Table4 Coal Trade in Asia l 1990-2010

(Million metric tons)

1992 2000 2010 Change
Net Exporters 1992-2010
,, i , , • ,, , ,, ,

-Australia 127 165 235 108

China 19 15 20 1

Russia (Eastern) 6 11 13 7

Indonesia 16 25 25 9

Vietnam 2 4 6 4
, i ,, , ,, | i ,

Net Exports 170 220 299 129

Net Importers
, |,, , , i , i, ,

Japan 111 140 154 43

Korea (South) 30 _-8 75 45

Taiwan 23 35 57 34

Hong Kong 10 13 16 6

India 8 15 25 17

Korea (North) 2 5 10 8

Philippines 2 10 17 15

Thailand 1 6 15 14

Other 6 6 7 1

Net Imports 193 ...... 278 376 .... 183

Net Trade ................ ' 23 ......... - 58 - 77 ' '
, = , , = ,, , , ,, [,=, , ,, ,,,, ,,, ,, , , | i

Asia includes Australia; This table includes exports from eastern Russia into the Pacific, but
Russia is not included in the production and consumption tables; excluding lignite; EWC Coal
Project projections, 1993.

about20 percentfrom2000to2010.Theseprojec- deepwaterports,and themost stableinvestment
tionsofincreasingnetimportstotheAsianregion environmentin theregion.Australiancoalex-
areparticularlyuncertain,because Australia, portsin 1993 areexpectedtoincreaseby about
China and Indonesiahave relativelylargere- threemilliontonsto130milliontons.Moderately
serves,and mightincreaseexportsabovetheesti- lowcoalpricesimproveAustralia'sexportoppor-
matesinthispaper, tunitiesbypreventingthelargecapacity,higher

cost,NorthAmericanproducersfrom increasing
exportstoAsia,and slowingChina'sdevelopment

4. Review of Asian Economies with a ofalargeexportcapability.
Significant Role in Coal

(2)China
(1)Australia

Chinahassufficientcoalreservestomeet the
Australiais projectedto accountformore projectedgrowthindomesticconsumption,plus

than80 percentofthe growth in exportsfrom expand exports.However,theuneven distribu-
economiesintheAsiaoverthe1992-2010period, tionofhigherquality,low sulfurcoals,and the
Australia'sdominant positionin coalexports seriouslackofsufficientrailtransportcapacity,
resultsfromthecombinationoflarge,highquali- limitChina'sabilitytosmoothlymeet increased
tycoalreserves,mostlywithin300 kilometersof domesticdemand andincreasenetexports.



The largesteconomicdepositsarelocatedin would grow rapidlyifthegovernmentremoved
northern China, centered around Shanxi Pro- import restrictions. Imports of coal are projected
vince, referred to as China's "Energy Base" The to increase from 8 million tons in 1992 to 25 rail-
Energy Base is 600-900 kilometers from deepwa- lion tons in 2010. Liberalization of the terms fox"
terports. China's high growth coastal areas are foreign inve._tment are necessary to attract the
short of coal, and over the 1992-2010 period, are needed levels of investment in India's energy
expected to supplement the shortfall in Chinese sector.
coal supplies with imported coal. Without govern-
ment restrictions, imports could exceed 50 million (5j Indonesia
tons by 2010. The lower projections in this paper
otr imports of 10 million tons in 2000 and 20 mil- lndonesia's relatively large steam coal expo_'t
lion tons in 2010, reflect the belief that Chinese potential was not recognized until the 1980s.
government will not allow large coal imports, and Rapid expansion of surface mine production from
the expectation that large investments will be large deposits in Kalimantan is underway, and is
made to improve China's coal distribution system, expected to continue over the 1992-2010 period.

Although China has ambitious plans to ex- Some producers, such a Kaltim Prima, appear to
pand nuclear power and hydroelectric capacity, be among the lowest cost suppliers in the world,
coal's share of total electricity is projected to re- and are penetrating international markets.
main in the 65-70 percent range over the 1990- Although Kalimantan has some premium
2010 period. China's coal-fired electricity gener- quality steam coal (such as Kaltim Prima), most
ating capacity is projected to increase from 110 of the reserves have one or more quality deficien-
GW in 1992 to 180-200 GW in 2000 and 300-350 cies that may constrain its market potential.
GW in 2010. Typical Kalimantan coals have low sulfur con-

tents, low to medium energy contents, and rela-
(3)HongKong tivelyhigh moisture.Some coalsarehard (low

HGI) and willhave grindabilityproblems,and
The rapidgrowthincoalconsumptioninthe othershave low fusiontemperaturesthatmay

1980s isover,and gradualgrowth isprojected causeslaggingproblems.On thepositiveside,
overthe1992-2010period.The shifttopipeline Kalimantancontainssome of thelowestsulfur
importsofgasforthenext2,500MW ofpowerfor and ash contentcoalsin the world that are
theBlackPointPower Plant,and thestart-upof expectedtobe inhighdemand as environmental
thetwo 900 MW unitsatthe Daya Bay nuclear standardsbecomemore stringent.
plantareexpectedtokeepthetotalgrowthincoal The largestconstrainton therateofgrowthin
importstoa modest2-4milliontonsbetween1990 exportsis expectedto be the rapidgrowth in
and 2000. After2000,thecombinationof more domesticcoalconsumptionforelectricitygenera-
pipelinegas imports,and relianceon coal-fired tion.OfficialIndonesianestimatesofthegrowth
plantslocatedin Gaungdong Provinceare ex- in domesticcoalconsumptionhave tendedtobe
pectedtoresultincontinuedlow growthratesin optimistic.Ifdomesticconsumptionfallssubstan-
coalconsumptioninHong Kong. tiallybelowtheprojectionsinTable3,thenex-

portscouldbe largerthan the 25 milliontons
(4)India projectedfor2000and2010.

India is the second largest coal producer and (6) Japan
consumer in Asia, and is projected to have the
region's second largest growth in consumption Japan will easily retain its position as the
over the 1992-2010 period. Domestic reserves of largest coal importer in the world over the 1992-
coal are substantial, however most coal is high in 2010 period. The growth is in steaming coal with
ash, and lower quality than internationally a substantial decline projected for coking coal con-
traded coal. The ash in many Indian coals is par- sumption. The ranges in net imports are pro-
ticularly difficult to remove by washing. In addi- jeered to be 135-145 million tons in 2000 and 150-
tion, transport systems are generally poor, and 160 million tons in 2010. Changes underway in
need major investments to increase capacities to the structure of the Japanese economy and eel,-
handle the growth in coal demand. The growth in nomic growth rates, and government efforts to
domestic supplies of coal and of electricity are reduce CO2 emissions, result in considerable un-
typically below the growth in demand. Imports of certainty in coal projections beyond 2000. Japan
coal (presently at about 8 million tons per year) is expected to play an important role in the intro-



duction of clean coal technologies to reduce the (10} Thailand
negative environmental impacts of coal burning
in Asia. Since the 1970s, Thailand has had an active

program to develop its lignite deposits, most of
(7) Korea, North which are located at Mac Moh in northern Thai.

land. Thailand's lignite cannot meet the projected
No accurate publicly available information exists growth in demand for electricity beyond the late-
on coal production and consumption in North 1990s, therefore most growth in energy needs
Korea, except that North Korea is believed to be a after 2000 will be from imports. Environmental
substantial producer andconsumerofcoal, mostly problems associated with burning high sulfur
anthracite. Estimates range from about 30-50 lignite at Mac Moh have caused the government
million tons per year, with recent estimates near to re-evaluate its long term energy policies and
the low end. strategies. It now appears that the growth rate in

It is assumed that deposits are similar, but lignite capacity additions will be slower than pre-
larger than South Korean deposits, and that rain- vious projections of the state utility (Electricity
ing has been heavily subsidized by the govern- Generating Authority of Thailand) and that all
ment. When the economy is eventually opened to future lignite-fired plants will have SO2 control
market forces, a substantial share of North technologies.
Korean production may prove to be uneconomic, Plans for imported coal for electricity genera-
as occurred in the former East Germany. tion have been delayed for both environmental

The conservativeprojectionsin thispaper reasonsand theresistanceofcoastalresidentsto
assume 5 and 10 milliontonsofcoalimportsfor sitingplantsalongthecoast.Importedcoalap-
2000and 2010. pearstobe quitecompetitivetoalternativeener-

gyoptions,and importedcoalisexpectedtorange
(8)Korea,South from 12 to24 milliontonsin2010. The levelof

importsdependson governmentpolicies,econom-
Over the 1992-2010periodSouth Korea is icgrowthrates,and theamount of naturalgas

projectedto accountforthelargestincreasein thatcanbe importedby pipelinefrom neighbor-
quantityofcoalimportedin Asia,marginally ingcountries(Myanmar, Malaysia,Cambodia
largerthanthegrowthinimportstoJapan.High and possiblyVietnam).In addition,hydropower
costdomesticproductionofanthracitehas de- developmentin neighboringcountries(particu-
clinedrapidlyfrom 24 milliontonsin 1988to 12 larlyLaos)areexpectedtosupplyelectricityto
milliontonsin 1992,and isprojectedtodecrease Thailand.
to5 milliontonsin2010.

Nuclear power playsa key rolein South (11)Vietnam
Korea'selectricitymix,accountingforover 40
percentoftotalelectricitygeneration.Coal-fired Vietnam hassubstantialenergyresourcesof
capacityisprojectedtoincreasefrom15percentof coal(mostlyanthracite),oil,gasand hydro.More
totalelectricitycapacityin1992to25-30percent than 90 percentoftheeconomicreservesofan-
ofcapacityin2010. Allgrowthincoalconsump- thraciteare locatedin northernVietnam, near
tionisprojectedtocome fromimportedcoal.The thecoast,in theQuang Ninh Basin. Economic
main uncertaintywithrespecttothegrowthrate reservesare probably0.5-1.5billiontonswith
incoalconsumptionare environmentalregula- much largerresources.More than75 percentof
tionsthatareexpectedtoforceutilitiestoinstall productionhashistoricallybeenuseddomestical-
sulfurremovaltechnologiesby2000. ly,mostlyforelectricitygeneration.Recentex-

pansionsin hydroelectriccapacityhave greatly
(9)Taiwan reducedthedomesticcoalmarket,and emphasis

has shifted to increasing exports, projected at
Taiwan has very limited energy resource, and about 1.5-1.7 million tons in 1993.

has no alte,'native to increased energy" imports. Modernization of mining and port facilities,
Almost all growth in coal consumption is pro- and management changes could reduce costs by
jeered to be for steam coal. Coal-fired electricity perhaps 25-35 percent, and increase the export
capacity is projected to remain in the 25-30 per- potential. However, Vietnam's large hydroelec-
cer,, range over the 1992-2010 period. Sulfur con- tric and natural gas potential is expected to slow
tro, technologies are projected for all new coal- the developments of coal capacity for domestic
fired power plants.



electricity generation _ver much ofthe 1992-2010 factors that could have the largu_t impact on the
period, projections in this paper are; (i) adoption of strin-

gent environmental regulations that limit coal
(12) Non-Asian Suppliers burning in Asia', (ii) serious political and econom-

ic instability in one or more of the major coal econ-

Increased competition from mines within the omies of Asia, or (iii) stagnation in the economic
Asian region, and reduced demand for premium growth rates of major Asian economies.
quality coking coal have weakened the competi- The conclusion of this paper is that the eombi-
tire position of North American coals in Asia. nation of diversity ofcoal suppliers, the competi-
North American producers are increasingly the tire nature of the industry, and the introduction
swing suppliers for Asia, expanding exports most- of technologies to burn coal more efficiently with
ly during periods of coal shortages and higher coal lower environmental emissions, will ensure sta-
prices, At present prices, most North American ble growth in competitive coal supplies over the
steam coal is only marginally competitive in the 1992-2010 period. There is no convincing evi-
Asian region. Large U.S. companies are increas- donee for sustained shortages of coal supplies and
ingly looking for coal deposits within the Asian high prices over the 1993-2010 period. The aver-
region (Australia, Indonesia and China) that will age increase in coal prices over the 1992-2010
be more competitive in the region. In addition, period is projected at between-0.5 and 1.5 percent
the large projected growth in coal consumption in per year in constant dollars. However, premium
Asia is attracting coal-related technology compa- prices may occur for coals having superior envi-
nies (mining, power plant and environmental ronmental performance.
control technologies).

South Africa is the lowest cost coal exporter to
Asia,and evenwithexpectedhighercostsinthe References
future,isexpectedtoincreasethetotalamount of
coalexportedtoAsiaoverthe1992-2010period. Johnson,C.J.1992,"An Update Reporton

CoalDemand inthePacificRim",inTranscriptof
ConferenceofthewesternCoal transportation

5. Conclusions Associationheld April 6-8,1992 in Tucson,
Arizona.

Asiacontinuestoleadtheworldingrowthof APEC ExpertsGroupon CleanCoalTechnol-
production,consumptionand trade. There are ogy,1992,The R01e,ofClea.nCoalTechnologiesin
limitedoptionsformost Asianeconomiestoshift theAsia-PacificRe,on,October.
away from coal,and the regionisprojectedto BritishPetroleum,1993,BP StatisticalRe-
accountfor60-70percentofworldgrowthincoal viewofWorldEner_!,June.
consumptionoverthe 1992-2010period.Three



Section 4

Subtask D-- Meetings and
Cooperation on Asia



During the contract the Coal Project staff communicated with coal, power, and CCT

experts in most of the APEC member economies including Australia, China, Hong Kong,

Indonesia, Japan, the Philippines, South Korea, Taiwan, and Thailand, and the United States.

Visits were made to China, Indonesia, Japan, the Philippines, and Thailand.

Thailand underwent a fundamental policy shift during the year, and now requires SOs

control technology on all new lignite-fired power plants. FGD units are being installed at the

main lignite-fired power plant in Mae Moh. In addition, FBC's are being considered for the

lower quality lignites.

Indonesia's interest in CCTs is primarily in the area of coal preparation and not in

SO2 emissions control technology.

Japan's international CCT program is most active in China, with smaller projects in

Indonesia and the Philippines. International activities are primarily divided between Japan's

New Energy and Industrial Technology Development Organization and the Electric Power

Development Corporation.
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Section 5

Subtask E-- APEC Experts'
Group on CCTs



APEC Experts' Group on Clean C0_I!Technologies Activities

The Coal Project actively assisted the U.S. Department of Energy in coordinating the

APEC Experts' Group on Clean Coal Technologies Technical Seminar held in Bangkok and

Chiang Mai, Thailand in September 1993. The Coal Project was responsible for coordinating

with the Thai government on seminar organization, paper preparation, meeting records, and

publishing the seminar papers. The final proceedings document is titled the APEC Experts'

Group on Clean Coal Technologies Technical Seminar Proceedings. A total of 225 copies were

distributed to various individuals and organizations. Copies of the proceedings volume were sent

to the Department of Energy, Office of Fossil Energy and can be obtained from either Lowell

Miller (Tel: 301-903-9451, Fax: 202-586-8488) or Jean Lerch (Tel: 202-586-7320, Fax: 202-586-

7085) and to the APEC Secretariat in Singapore. The Coal project also prepared and presented

a paper at the Seminar reviewing the Clean Coal Technology potential of the APEC region.

A questionnaire designed to gauge the interest of member economies in various activities

was sent to Experts' Group members and is included in this section. Based on the results of the

questionnaire, another Technical Seminar and a Clean Coal Technology Training Course ate

planned for late 1994. The Technical Seminar will be held October 11-13, 1994 in Indonesia, and

the Training Course will be held November 28th to December 7th, 1994 in Sydney, Australia.

The EWC coal project is actively involved in these projects.

The Japanese government, through the New Energy and Industrial Technology

Development Organization, contributed US$500,000 to the East-West Center to be used in

accordance to directions form the APEC Experts Group on CCTs to further the goals of the

experts group.

A notable weak link in the APEC Experts Group is China's participation. Although China

is sending capable engineers to the meetings, none have had a broad understanding o the potential

role of CCTs in the economy. Because of the huge importance of China as a future market for

CCTs, it is important to seek participants from China that have a broader understanding of CCTs

in China's future. For example, both the State Science and Technology Commission and

Tsinghua University are known to have scientists with a broader understanding of CCT issues.
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QUESTIONNAIRE ON FUTilE APEC EXPERTS'
GROUP ON CLEAN COAL TECHNOLOGY

ACTIVITIES

RESPONSES AND SUMMARIES

December 1993
_



1994 TECHNICAL SEMINAR

1. Participant evaluation of the September 1993 Technical Seminar in Thailand:

(a) Was the subject matter adequately covered?

• Yes. Coverage of subject matter depends very much on APEC economies being
able to nominate experts willing to present papers.

• In the Thailand seminar, we were ambitious and tried to cover all technologies at
all stages of the coal chain but with emphasis on combustion. For the most part, I
think we accomplished this.

• Yes, the subject matter was covered on pre- during and post combustion.

• Yes it was. As the first technical seminar, it provided some guidance on how to
present CCT option to those who are interested.

• Yes. But, if we have focused on the pollution problems more intensively, it would
be better for the Thailand people and for other countries.

• Yes. Maybe too much cover.

• Yes, coverage was good, considering that this was the first technical seminar, and
presentations from many different economies had to be integrated into the seminar.
The experience of this seminar can be used to improve future seminars.

Summary

Coverage was broad as planned for the first technical seminar. In the future, more
attention should be given to selected areas.
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(b) Were the sessions of the correct length?

• Yes. A two-day seminar is consideredadequate, unless the paper contributionsare
of a sufficiently high standard to maintainactive participation of delegates over a
third day.

• Several papers were rushed. Therefore, in future, recognizing some of the
problems in cutting off speakers we should space things out a little to allow for
more discussion when warranted.

• Yes, 2-3 days are enough for the seminar and one day for site visit to the related
subject.

• Yes, they were, as a whole. Therewas close exchange of questions and answers
between panelists and the floor, however, a little more time in each session would
be needed to have morediscussion between panelists.

• One week is adequate for the seminar. Otherwise it is very hard to encourage
people to participatein the seminar.

• Yes, 2-3 days is the right length. Senior government officials and company
executives have difficulty getting enough time to attend longer conferences, and
will tend to send substitutes. Fewer topics can be covered at each seminar in the
future, and this will allow more time for discussions.

Sunnnary

The length of 2-3 days is generally supported. The problemof not enough time to
discuss individual topics is best addressedby covering fewer topics at each seminar.



(c) Were there particular papers or presentations that stood out as good models
for future seminars?

• Yes, e.g., Advanced FGD Technology (R. Conley, Pure Air), Nitrogen Oxide
Removal Processes (W. VanNieuwenhuizen, B&W), Fludizied Bed Combustion
(K. Reed, Foster Wheeler).

• Most of the paperswere well preparedandpresented.

• I am not sure, but a compilation of those papers presented at the seminar would be
good enough as a CCT textbook.

• On the whole, they were of similar standard.

• Most presentations are good and can be the good models for future Seminar; for
example Dr. Charles Johnson's presentation on the "Overview of the Potential for
CCT in the Asia-Pacific Region." However, few are not satisfactory because the
speakers could not communicate well in English and some presentations did not
provide fruitful information.

• Some speakers had more experience in preparing and presenting papers, particu-
larly in English. However, a mix of speakers from the region is desirable, and we
should be prepared to give more detailed guidelines on papers, and assist authors
with special needs, perhaps including transparencies.

Summary

A relationship exists between the backgrounds of participants and the papers they
favored. Some speakers could benefit from additional assistance in the preparation of
their papers and transparencies.



(d) Did the Technical Seminar achieve its objectives?

• Yes.

• Assumingthe goal of informationexchange, I think it was successful. In some
cases, the biases of the authorwith respectto a given technology were obvious, but
I think all we can do is ensure all technologies are aired. Country distribution of
papers was good.

• Yes, we got many information which we need by direct discussion with the
experts.

• We think so. It was especially usefltl to have a bird's-eye view of CCT from the
research and development stage to the commercial stage.

• Relatively the seminar achieved its objective. But I doubt whether policy makers
understand the issues or not.

• Partly only as it succeededin educating on various CCT processes available but not
enough impact for regularizing or acceptance.

• Yes.

• Yes. The CCTs technologies, at least, had been discussed among the APEC
economies. The information or knowledge gained from the Seminar will support
them to formulate more appropriate polices and measure for coal utilization. In the
case of Thailand, the resultof the Seminar is very beneficial because it confirms
that the chosen CCT technology is currently the most appropriate for Thai people.

• Yes. An importantobjective of this seminar was to assist one of the members,
Thailand, in its consideration of CCTs. The response of Thai policy people at the
seminar and in this questionnaire confirmed that the seminar met their expecta-
tions. Overall, the seminar achieved the agreed goals.

Sununary

All respondentsagreed that the seminar achieved the planned objectives.



(e) How can we do a better job in future technical seminars?

• There needs to be a greater emphasis on comparative economics of CCT options, if
the seminars are to assist with policy making. Some presentations tended to focus
on domestic developments and activities and these needs to be related to broader
APEC interests by authors.

• In preparation for this seminar the topics were general in that they were not
directed specifically at one country or at a given problem. In future, we may wish
to consider a balance between focusing on perhaps host country situations and
providing general information to all economies. In this context, perhaps the first
sessions of some future seminars could be papers from the host country outlining
their energy/environmental policies and issues. I still think we are weak on the
policy side.

• I think it will be important to identify the audience seminars are directed at and
ensure appropriate participation particularly from Asian economies. In Thailand,
we obviously had good representation from the Thais and key but limited partici-
pation from most other countries. Perhaps in some instances, the seminars should
focus on issues and technologies relevant to the host country. This was not the
original goal in the Thailand seminar.

• It is better if the Technical Seminar accompanies by an exhibition which has
relation to the subject matter.

• A problem-oriented approach would be useful to stimulate more intensive
discussion between experts and policy makers. Mac Moh's case is a good exam-
ple. Similar case studies are possible.

• Coal is considered as a poUution source by most policy makers. It is necessary to
educate them that coal is not as dirty as they think. So it is necessary to encourage
them to participate in this kind of seminar. There should be some method how to
encourage the policy makers to participate in the seminar.

• Focus should be the idea. Too many subjects around the concept can be unneces-
sary.

• It was well organized.

• Since there are tremendous difference in degree of industrialized among APEC's
_ member, I believe the demand for Technical Seminar will be a lot of different.

Hence, I suggest it should be divided into two or three working groups, each
member include industrialized, nearly industrialized and developing members, and
come to more proportional selected topics before biannual meeting is held. This

_ 5
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should be able to respond to the demand of technology input and output among
members. For every alternative year, trio group members can be rearranged.

• In order to prevent the communication problem which may occur, some speakers,
if necessary, should bring their own interpreter.

• We need to focus more attention on selected CCT options, and present information
in terms that can be used by the policy maker. Economic, and performance
comparisons between CCT types is important to the policy maker.

Summary

Give greater focus on selected CCTs, include economic analysis and address issues
that the policy makers want to know.



(f) Other sugg_'tions to make the APEC Experts Group on CCT more effec-
tive?

• It is important to encourage participation by utilities which have experience with
different CCT options so that a perspective additional to that of the technology
vendors is presented.

• It would also be worthwhile to seek EPRI CRIEP[ involvement.

• Depending on the seminar, more participation from the host country in the
planning to ensure relevance of seminar to their situation (only if we decide to put
some focus on issues in the host country).

• No suggestion for the time being.

• It is needed to include at least a government official in the APEC's Group on
CCT.

• Do not put too much emphasis on the term of experts. You would risk needless
alienation. Reduce number of salesmen on the experts' list.

• The site visit did not allow enough time to see the plant. A dialogue session with
the plant operator would have been useful.

• At the end of each Technical Seminar, i.e., from the panel discussion, the chair-
man concludes and address the selective topics, and assign working group to
evaluate in order to come to a conclusion in the next steering committee meeting.

• The seminar participants should be selected carefully in order to make sure that
they are qualified and represent all the concerned organization.

• There is a need to review how we can ensure that each country is sending

participants that will be active members of the APEC experts group on CCTs. In
one or two cases, there are excellent CCT groups within an economy that would
enhance the contribution of their economy to the APEC activities.

Sunnnary_

Three participants suggested more attention in the selection of experts that will
present objective CCT information. It should be ensured that key CCT groups are
represented.
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2. What topics and emphasis should be included in the 1994 Seminar?

• Economic comparisons of CCT options, steps involved in commercialization of
CCT options, and impact of environmental regulations (for existing and new plant)
on CCT choice.

• This depends on the location and more on the views of the Asian countries.
However, as I said before, I do not think there is enough emphasis on the policy
side. We may want to narrow or give focus to the seminar to make them more
manageable by identifying issues or problems to be addressed.

• The same as in the 1993 Seminar, but economic issue must have more portion.

• Laws, regulations, and standard to prevent air pollution; citing of major CCT
facilities (projections and plans); and international cooperation activities other than
APEC activities.

• Coal briquetting. Pollution control.

• The role of developed countries in the implementation of CCT and priority given
to it. The cost for developing countries to adopt CCT.

• Clean coal technology option (advanced), environmental issues including climate
change, and financing clean coal technology developments.

• Availability, reliability and efficiency data of proven CCT plant.

• The safety in handling pulverized coal, i.e., shipping and storage.

• It should include the following topics: 1) transportation, handling and distribution
of coal and 2) selecting of coal for CCT power plant.

u

• There are a range of important areas for focus. One important area is a seminar
that focuses on comparisons of CCT options -- including cost comparisons,
efficiency comparisons and emission comparisons. In addition to a seminar
proceedings volume, a small working group could prepare a small handbook CCT
guide to policy makers (30 pages), plus another proceedings volume.

Summary

Economics of CCTs, financing CCTs, environmental regulations, coal handling, and
related policy issues are the areas suggested for the 1994 Seminar.

_
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3. How much of the Seminar should be on technical discussion, and how much on
economic and policy issues?

• A 50:50 split between technical discussions and economic/policy issues may be
appropriate, with technical discussions setting the scene.

• Could vary depending on the seminar topic, but I think we need more on the policy
side than we had in Thailand (Anywhere from 25/75 to 75/25 depending on the
topic).

• Technical =60%, Economic=25 %, and Policy= 15%.

• It is difficult to keep the proper balance between issues of technical and econom-
ic/political. However, close linkage between these issues should always be kept in
mind.

• To understand each other side, it should be covered both fields at same time. 1/3
is economic and policy issues and 2/3 is to technical discussions.

• All factors are of equal importance thus should have equal emphasis.

• The seminar should cover all three aspects.

• Half of technical and the rest on economic and policy issues.

• The ratio is suggested as 40:30:30.

• The seminar should place emphasis equally on economic and policy issues as well
as the technical discussions.

• The 1993 Seminar gave about 75 percent to technical issues and 25 percent to
economics and policy. The 1994 Seminar should emphasis economic and policy
issues (suggest 2/3 economics and policy, and 1/3 technical). This will require
inviting a different mix of speakers (more economists and planners involved with
CCTs).

Summary

There was a clear consensus to increase economic and policy issues in the 1994
Seminar to at least 50 percent.
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4. Where should the 1994 Seminar be held? Would your organization be willing to
host the 1994 Seminar? Do you have a preference for the Seminar dates?

• An Asian location is considered appropriate for the seminar. Preferred timing is
late September/early October.

• I think we should stick to the Asian economies for another year and then perhaps
start to include N.A., Japan and Australia. I think it is important to have activities
move around and not try to centralize them in any location. This contributes to the
education process.

• It is better the 1994 Seminar should be held in a country which has developed CCT
and at the beginning of September is a good preference dates.

• It would be held better by the country (economy) who volunteers to host the
seminar.

• 1994 seminar should be in a developed country. Seminar should be in Summer or
Spring.

• In a country which will be undertaking significant coal based developments in the
next 10-15 years.

• Any of the coal consuming APEC member.

• Nearly industrialized members are more properly, i.e., South Korea or Taiwan.
My organization, Industrial Technology Research Institute, is willing to be consid-
ered candidate. The seminar shall last for three days including one field trip.

• It should be held in the countries where these technologies had been successfully
installed.

• As Seminars will probably be held over many years, all economies should have a
chance to host a seminar. At the September APEC meeting in Bangkok,
Indonesia offered to host the next seminar, and there were no dissenting votes.

For the longer term, China has the largest coal-related environmental problem in
Asia, and should be an important priority for one or more Seminars. However, it

may take another year to get the best organizational setup to ensure the Seminar is
most effective.

10



Summary

Most suggestions are to hold the 1994 Seminar in Asia. Two suggestions are for the
September/October period. Both Indonesia and Taiwan have offered to host the
Seminar. Indonesia was the first to offer to host the 1994 Seminar.
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5. How should speakers be selected for the Seminar?

• Ideally, speakers should be selected by invitation. However, in initial stages, we
may need to be content with volunteers.

• The selection process for the 1993 seminar worked fairly well. It is important in a
multilateral organization to ensure participation from as many member economies
as possible.

• Full experience in the application.

• Ideally, purely voluntary participation is the best. In fact, however, proper
contributions by responsible agencies from each country will probably be needed
for the right nomination of experts.

• It is necessary to participate many companies as possible. So participants have
opportunity to compare each technology and judge what technology is suitable to
their unique situation.

• More policy makers and implementors and less salesmen.

• Invited by the steering committee on the basis of reputation and seminar objectives.

• Preferable some speakers with hands-on experience in the subject of their papers.

• The topics of invited speakers are suggested to focus on policy and economy, i.e.,
the experience in environmental assessment and the period of capital return.
United States and Australia are fight candidates.

• As same as the last method of speakers selection, the invitation letter should be
sent to each economies for nomination of the speakers. The organizer, then choose
the most appropriate speaker for each topic. However, the speakers should be
directly involved in practicing the technologies in their home countries and should
be able to communicate well in English.

• In order to continue to develop the APEC CCT group as a true team activity, we
must ensure that various members play a real role in selecting both Seminar topics
and speakers. The method used in 1993 achieved these goals with most speakers.
In practice it is difficult to reject a speaker after he/she has been nominated by a
government. I believe more discussion and guidance needs to be given to
governments about the qualifications of speakers, and the scope of their talks.

m
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Summary

Continue to select speakers through a nomination process of the APEC members.
Although opinions varied, there is a need for experts with commercial experience as
well as those with policy and economics backgrounds.

13
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6. What types of people (policy, engineers, economists, etc.) should participate in
the Seminar? Should the Seminar focus on a particular group?

• All shouldbe able to participate. A focus on a particulargroup is not warranted.

• The type of people will dependon the topic - but it is likely a valuable contribution
could be made from participants with a variety of backgrounds.

• Engineers and Economists are moredominant and it is not necessary the Seminar
focus on a particulargroup.

• All three types of people will be needed. A better mixture of people will be
realized by setting topics properly.

• It is good to participateall types of people to understandtheir fields.

• Focus on environmentalgroupsand regulating bodies on pollution control.

• As wide a range as possible of persons involved in making decisions about CCT.

• Engineers, planners, and policy makers.

• No comment on the participants, but the Seminar is better to focus on a particular
group in order to have the meeting more fruitful, and new or state-of-art technolo-
gy should be included.

• The senior government officers concerning in the policy level and people from
NGO as well as the technical/policy analysts and engineers from utilities should
participate in the seminar. In some cases, the seminar for a particular group
should be held separately for instance the technical group for specific CCT
technology to discuss the detail of technology in question.

• All types of people have an important role. The mix will vary depending on the
scope of a particular Seminar. :,uxing gu,*rnment, industry and academics
together will result in greater 0ifferences in discussions, and will ensure that there
is a broader and useful exchange of information on CCTs. Perhaps we should
remind all paxtieipants in our invitation letters that they axe expected to maintain
high professional standards in presenting their views at the Seminar.

14



Summary

All types of people should be included. Tho mix of policy makers, engineersand
economists can vary with the scope of a specific seminar.

15



7. Should the Seminar include a field trip in the host country?

• Yes. The field trip should be relatedto a technology demonstrationand/or issues
facing the host country.

• Yes, if it is reasonableconvenientand is relevant.

• Yes. One day trip to project or manufacturewhich has developed CCT.

• It will depend upon willingnessof the host country.

• Yes.

s Yes. (30 for worst case of pollution.

• Yes.

• Yes. Sufficient time should be given for the field trip.

• Yes. One coal-fired power plantand one of concernedresearchinstitute, one day
is suggested.

• Yes. The field trip in the host countryis an essential partof the seminar. The
participantswill havea chanceto see the application of the technology.

• Yes. A field trip to a demonstrationplant not only increases the knowledge about
the status of CCT use in the economy, but also ensures that participants have a day
to get to know each other before the seminar. This greatly facilitates discussions,
and potential for follow up exchanges.

Summary

Yes (unanimous)
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8. Other suggestions that will help make the Seminar a success?

• The host country may wish to present an overview paper, identifying the issues for
coal and CCTs. Authorsshouldbe encouragedto addresstheseissuesduring the
presentations,thuscomplementingtheir papers.

• Usesof coal other thanelectricity generationshouldnot be ignored. The appro-
priate mix will dependon the locationof theseminar, e.g. theThai seminarwas
properly targeted.

• The Seminar accompaniedby an exhibitionof the subjectmatter.

• Identify resourcesrequiredto host a seminar and ensurehostcountry hasadequate
resources.

• Play down the environmentalor prototypemethodsand go for the establishedand
proven technologies.

• The seminar shouldincludeindustrialas well as power generationutilization of
coal, includingsmall industriescofiring of coal and biomass.

• More participantsfrom plant operationsand provisionof moreopportunitiesfor
interpersonal discussionswith the speakers.

• The activitiesof accompanyingpersonsshouldbe arranged.

• The seminar shouldbe arrangedby professionalsfor example the private consultanti

company to ensurethesuccessof the seminar. In caseof the seminar in Thailand,
the reasonof the successstemsmainly from the seminar professionals.

• The reimbursementof seminar budgetshouldbe flexible for the hostcountryand
not be rigid to regulations and rules of the APEC Secretariat office.

• The financial support for the seminar should also come from organizations other
than APEC Secretariat, no matter public or private orglmizations.

• The financing of the seminar was difficult, and the seminar would have
encountered a severe financial situation without the last minute intervention of an

member economy to supply conference funds. Funds for seminars must be
available in advance to cover costs, and there must be more flexibility to meet
different requirements among economies in the region.

17
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Summary

The range of suggestions was wide. The key concernof the 1993 host government
was that funding needs to be more flexible, and that funding needs to also come
outside of APEC.

18



1994 TRAINING COURSE

1. What topics and emphasis should be included in the Training Course?

• Comparative evaluation of CCT options (coal preparation, processing and emis-
sions control), including technologies, environmental performance and economics.

• The question of how one makes economic comparisons and technology choices is
one which has been repeated at various meeting. This could involve demonstration
of some modelling package which address this area but I would exercise caution
because this may have a limiting influence on your audience. The other major
question is should the course focus on general needs of all countries or one
country. Secondly, if it focuses on general needs, do you hold it once or do you
hold it more than once at different locations. The answer to this may depend on
who gives the course (paid consultants or non-paid industry/association people).

• I think case studies from the various economies could enhance any seminar or
training course.

• How to select the CCT options and other energy options due to coal characteristic
and the condition of the site location.

• For example, case studies which present problems in which political, technical, and
economical solutions are needed.

• Efficient operation of power plants.

• Global uniform regulations for pollution control. Hard economics on CCT proven
technology.

• Criteria for selection of appropriate advanced CCT.

• Coal sampling and analysis, coal preparation and beneficiation, pulverization,
combustion technology, ash handling and disposal.

• The experience to set a coal-fired power plant, environmental assessment, capital
investment, operational and maintenance cost.

-

• The following topics should be included: 1) the economies and financial analysis,
2) transportation, handling and distribution of coal, and 3) selecting of coal for
CCT power plant.

_

• Topics that received the most attention at the seminar in Thailand.

m

= 19



• Course might include: (i) an introduction to CCTs (technical description,
efficiencies and costs); (ii) review evaluation techniques for CCTs; (iii) one or
more case studies of CCTs, (iv) evaluation of CCT options using computer models;
and (v) policy issues related to the selection of CCTs.

Summary

The training course should include analysis of CCTs from the perspectives of costs,
efficiencies, and environmental performance. A number of other topics were
suggested.

20



2. How much of the Training Course should be technical discussions, how much on
economic and policy issues, and how much work with computer models?

• The course needs to be practically oriented, with participants engaging in analysis
and interpretation, including use of computer modeling. A 25:25:50 split between
technical discussions, economic/policy issues, and analysis (including computer
modeling) may be appropriate.

• Depends on what the purpose of the course is and the audience it is designed for.m

• Technical=50%, Economic=30% and Policy=20%

• Proper balance between these issues will be needed, even if policy issues are the
most important. So far as computer models are concerned, it is difficult to make
comments because we simply don't know what that would be.

• It is neededto separate issues needed to be covered.

• 30:30:30:10 (in order of the question)

• Mainly technical issues, but some economic and policy. Hands on computer model
sounds useful as well.

• Three-quarters on technical and the rest on economic policy and computer
modelling.

• 80% of technical discussions and 20% of computer models.

• Technical discussions and economic and policy issues should be equally discussed.
The computer models should be held separately for specialists.

• 1/3 economic/policy issues and 2/3 technical (include computer in here as applica-
ble.

• Approximately 50% technical and 50% economic and policy. Computer modelling
activities (40-60%).

Summary

- Training Course should have the heaviest emphasis on technical aspects of CCTs (at
least 50%), but include economic and policy analysis. Computer model work
recommended, but would not dominate the Course.
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3. Where should the training course be held. Would your organization be willing to
host the Training Course? Do you have a preference for the Training Course
dates?

• An Asian location is considered appropriate for the Training Course.

• No preference for location or timing but keep in mind a training course could be
given more than once and in various locations if there is a demand.

• We prefer the Training Course will be held in USA or Japan and the preference
dates are around August.

• We haven't had any specific idea about the location yet at this moment.

• In a country (developing) which is going to have a major need for CCT in medium
term.

• We do not have coal training facility. No preferential date.

• Coal export members are suggested. The agenda for four days including one day
field trip is recommended.

• The Training Course should be held in the country which CCT's has successfully
established for example in the U.S.A. NEPO is not ready to host the Training
Course.

• Suggest Brisbane, Australia October 9-12, 1994 is 10th Triennial ICCR Confer-
ence; Richard Lawson is chair. Good to connect with this high level group from
15 countries.

• The Training Course can be successfully held in any APEC economy that wants to
sponsor the course. However, it will be easier to hold the first course in one of
the industrialized economies where there will be greater access to expertise and
computing facilities.

Summary

No consensus among recommended locations. At the September APEC meeting,
Australia tentatively offered to host the Training Course.
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4. How should speakers/teachers be selected for the Training Course?

• Speakers/teachers should be professional lecturers with proven experience in
industry/policy work or industry professional experienced in teaching or training.

• There is a need to ensure that the courses are not biased towards science or a

particular technology, yet technologically oriented to addressing and analyzing the
economic and policy issues involved.

• You will always be trying to get knowledgeable people in the subject area to
provide the training. Depending on the subject, the training source may be
obvious. We may decide to give a course which has already been prepared and
tested by someone. Consideration may have to be given to dividing the course
among various economies although this may not always be practicable.

• Full experience in the application.

• Policy issues - government officials (both central and local), University Professors.

• Technical/economic issues - engineers from enterprises and economists who are
interested in technology and environment.

• Instead of professors, field engineers are good to share their experiences.

• Policy makers and implementors of CCT.

• Selected by a steering committee to cover the objectives of the course.

• From a mix of academic and experienced plant operators.

• Qualified shift supervisors, plant managers, equipment designers as well as local
commissioner.

• The speakers/teachers should be directly involved in practicing the technologies
and should come from various countries in order to share their experiences.

• Selected by host.

• Members of the steering committee should assist in putting together a list of
potential speakers/teachers. It is essential that speaker/teachers have considerable
experience in training. There is no set number but a suitable mix for a one to two
week course: 2-4 engineers, 2 economists, 1 computer specialist, 1-2 government
policy persons; total 6-9 lectures. At least three lecturers should have experience
working with CCT technologies.

23



Summary

Speakers/teachers should be professionals that understand the subject area and are
experienced in training.
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5. What types of people (policy, engineers, economists, etc.) should participate in
the Training Course? Should the Training Course focus on a particular group?

• A focus on a particular group is not warranted.

• Depends on the topic and audience identified.

• Engineers are more dominant.

• Young government officials (central and local) and engineers of energy related
industries.

• Training course should focus on a particular group.

• All types. Focus on industries or users.

• Mainly engineers, but could include policy and economic people.

• Operating engineers and planners.

• Engineers are recommended.

• The people concerned: policy makers, engineers, economists and environmen-
talists should participate in the Training Course. The Training Course should
focus on the policy makers and economists.

• Could have one topic focus. Could hold one with multiple focuses to include all
interests.

• The focus should change from year to year in response to the needs of the user
group. The first Training Course should have a goal to provide a solid
understanding of the basic techniques of evaluating CCTs, and include some hands
on computer experience.

Summary

A range of groups were suggested, with engineers and policy people mentioned most
often.
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6. Should the Training Course include a field trip in the host country?

• Yes. Field trips should be related to a technology demonstration in the host
country or issues facing the host country.

• Yes, if relevant.

• Yes. One day trip for comparative study.
=

• Yes. Site visits would be useful to know actually what CCTs are.

• Yes.

• Yes. Visit an established CCT user and nonuser.

• Yes.

• Yes, Visit to plant as well as short attachments.

• Yes. It would be better to select two sites with same capacity, the old plant
retrofits to meet air quality regulation as the new plant.

• Yes. The field trip in the host country is an essential part of the seminar. The
participants will have a chance to see the application of the technology.

• Yes, if directly relates to the topic of the Training Course.

• Yes. Visit to a related CCT facility. Need to take into consideration in selecting
the location for the Training Course.

=

Summary_

Yes (unanimous)
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7. Other suggestions that will help make the Training Course a success?

• Preparation of a manual, including lectures, inclusion of case studies, and greater
emphasis on hands-on analysis of issues rather than lecturing.

• Course duration will be important in mat it must provide enough training time but
too long a course limit participation. We will need some feedback on this from the
Asian economies.

• A relatively short-term course would be better to start with. Two weeks is
adequate.

• Focus.

• Advantages in running it after the seminar. Selection of technology based on coal
quality.

• Designate an experienced engineer in the plant to impart his knowledge on
operation and maintenance of the coal aspects of the plant to the trainees.

• The last day of the Training course should have the attendants present the assigned
works with separated groups.

• The Training Course should be arranged by professionals to ensure the success of
the Training Course. The financial support for the Training Course should come
from public and private organizations other than APEC Secretariat and the
reimbursement budget should be flexible.

• Check calendar of events and set in conjunction with other meetings: before or
after; not in conflict with.

• Because most participants will not have time to read the materials prior to the
course, the first day could be set aside to read the materials. From the readings,
each participant should provide a check list of the items of greatest interest.

Summary

Suggestions varied: prepare a manual; include case studies; duration two weeks or
less; have assignments for participants.
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LONGER TERM PROGRAM PROPOSALS
1995-1996

1. Activities other than Technical Seminars or Training Courses?

• Coal/CCT information brochures (for dissemination to the public), studies on
coal/CCT use in the region (e.g., update of the October 1992 report, up-take of
specific CCTs in the region, etc.), and country specific coal/CCT studies (if
desired by one or more APEC economies).

• Technical tours of technology producing countries.

• There will be an ongoing need to have coal supply/demand information and to keep
abreast of technology implementation/costs, power plant development, and
environmental energy policy requirements in the various economies. To this end,
reports similar to our last report providing country specific information should be
an ongoing part of the work plan.

• We could include an information exchange as part of the Experts' Group meetings.

• To establish CCT data base center.

• There will be themes for study and analysis which have common interest to APEC
economies. The steering committee is hoped to identify such themes.

• Forum and invite non-APEC countries. Form a team that can assist in specific
problems on a costs basis, i.e., nonprofit making. Form a study group to look at
new CCT and submit input.

• A study group to consider financial and political barriers to advanced CCT use.

• A newsletter to keep members informed.

• Exchange of researchers and engineers in short-term (one to three months).
consultant or joint venture program with industrialized members commercialized
technologies exhibition.

• The information network concerning the progress of Clean Coal Technologies
should be installed to ensure that members can follow the advancement of these

technologies. The publicity of the technology should be encouraged for the
acceptance of the public at large.
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2. Technical Seminars- Post 1994

(a) What topics and emphasis should be included in the Technical Seminars?

• See answers to 1994 Technical Seminar.

• In addition to combustion technologies/economics, courses or seminars could also
focus on specific topics such as mining techniques, processing blending, energy
policies, pricing and environmental policies/regulations. They could also focus on
specific environmental topics such as options for reducing S02 emissions and cover
both the technological and policy options.

• Canada would be willing to host a seminar as early as the fall of 1995, possibly
prior to or following the Coal Association of Canada's biennial conference.
Although open to suggestions, the seminar could focus on environmental policies
that impact technology choices associated with coal mining operations and
combustion, and the processes used to develop these policies in the various APEC
economies. The linkages could be made between policy development and the
requirements for future technology development. In conjunction with the seminar,
technical visits to mines/power plants could be arranged. For this purpose and
considering travel distances, the most suitable location would be western Canada,
possibly the Jasper-Edmonton area.

• A development of CCT.
!

• Policy issues concerning coal and the environment. (Pollution and damage,
environmental standards and countermeasures, and technology options).

• General or global regulations for CCT that require to be adopted by all countries
that is fair for all.

• Too early to decide.

• Developing CCT Technologies and time frame to commercialization.

• NOx reduction to 50 ppm, what types of technical combination is more cost
effective. CO2 reduction, the effect of economic growing and controlled
technologies.

• The application of CCT in sectors other than power.
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3. Training Courses- Post 1994

(a) What topics and emphasis should be included in the Training Course?

• See answers to 1994 TrainingCourse.

• See seminar topics.

• Emission Control Management.

• If not immediately, Japan will be one of the countries to host a training course in
the future. We would like to learn about the experience of other countries who
have offered training courses.

• Role of developed countries in assisting developing countries in implementing
CCT.

• Too early to decide.

• Besides technical topics, the Training Course can cover economic, regulatory and
planning issues.

• How to regulate a reasonable emission standard among developing, nearly
industrialized members? The effect of regulations on the industry and how to deal
with?

• Utilization of ash from coal fired power plant.
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Section 6

Subtask F-- China Focus



C_a Focus

The Coal Project has been giving greater attention to energy and environmental

developments in China because this is cot_sideredthe largestlong termmarket for CCTs. China

is by far the most complex market to assess, due to the wide range of institutions involved in

power developments and conflicting policy statements on the terms and conditions for foreign

investment in China.

Three key institutionsinvolved in power plant planning and CCTs are:

(1) The State Planning Commissionis the highest level planning organization in China. It is

responsible for China's five-year economic plan, and is responsible for allocating funds for

major projects, including power plants. The role in funding projects is changing with the

establishment of the State DevelopmentBankof China. Minister: Chen Jinhua.

(2) The Ministry_of ElectricPoweris the highest level government organizationresponsible for

formulating and implementing electricity policies. It reportsdirectly to the State Council. The

Ministry of Electric Power and the State Planning Commission work together to guide power

plant developments. Minister: Shi Dazhen. The provincial power groups -- some of which are

quite powerful(i.e. Guangdong Power Company) fall under the jurisdiction of the Ministry of

ElectricPower.

(3) The State Science and Technology Commission is involved in long-term technology

planning. Minister: Dr. Song Jian. In chargeof CCT: Mr. Shi Dinghuan, Director General,

Department of Industrial Science and Technology.

In addition to those listed above, there are at least twenty other institutions involved in

various aspects of CCT research in China. The main academic research institutionin Chinais

Tsinghua University-- China"sequivalentof MIT in the United States. Clean Coal Technology

researchersfrom the State Science and TechnologyCommissionand TsinghuaUniversity spent

approximatelyone month at the East-WestCenter. See the Briefing Paper under Subtask B.
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In addition to meeting with officials from the above-mentioned institutions, meetings

were held with Qu Geping, Chairman of the Environmental Protection Committee, National

People's Congress. There is considerable awareness of environmental problems in China.

However, the environmental movementand relatedinstitutions are still relatively weak.



QUARTER TECHNICAL PROGRESS REPORT
FOR THE OFFICE OF FOSSIL ENERGY, US DOE

Contractor: East-West Center

Grant Number: DE-FG03-89FE61811

Services: Potential for Thermal Coal and Clean Coal
Technology (CCT) Export in the Asia-Pacific

Period: Ist Quarter, 1993 (January-March)

Co-Principal
Investigators: Charles J. Johnson and Fereidun Fesharaki

OBJECTIVES OF THE CONTRACT

The overall purpose of this contract is to provide general support and
advice to the Department of Energy, Office of Fossil Energy (DOE/FE) on
likely thermal coal and Clean Coal Technology trading opportunities in the
Asia-Pacific region. The primary objectives of the contract are to:

a)Identify the qualitative and quantitative supply and demand constraints
,.. and trends in the trade of thermal coal in the Asia-Pacific region.

b)Assess the U.S. competitive position in thermal coal trade and identify
potential impacts on and opportunities for U.S. Clean Coal Technology
exports.

c)Function as a catalyst for U.S. industry and government representatives
to access high level planning and decision-making authorities from Asia-
Pacific countries that have or are likely to have an interest in thermal coal
and/or Clean Coal Technologies.



SUMMARY OF QUARTER ACTIVITIES AND PRODUCTS

(1) A series of brief overviews of the coal, electricity, and technology situations
in the Asia-Pacific region was completed and distributed to DOE and to Asian
contacts. These Information sheets were designed to give planners and policy
makers a quick reference and update of important trends affecting the coal and
technology markets in the region.

(2) The EWC Coal project was responsible for coordinating the Asia-Pacific
Economic Cooperation Steering Committee meeting held in Bangkok, Thailand
in February 1993. The main purpose of the meeting was to finalize plans for
the APEC Seminar on CCTs. It was agreed at this meeting that Thailand
would host the seminar, and that it would be held on September 6-10, 1993.
The stated purpose of the seminar was to provide accurate technical and
economic information to those interested in Clean Coal Technologies.

(3) A preliminary Agenda was prepared for the APEC Technical seminar in
Thailand, and economies were asked to provide a list of potential experts from
their respective economies to prepare papers to be presented at the seminar.

(4) The Asia-Pacific Coal News Biannual Summary and Outlook for July 1992
through December 1992 was completed and distributed to DOE and throughout
Asia. The summary outlined major developments in coal, technology and coal-
related news occurring in the ,,econd half of 1992.



QUARTER TECHNICAL PROGRESS REPORT
FOR THE OFFICE OF FOSSIL ENERGY, US DOE

Contractor: East-West Center

Grant Number: DE-FG03-89FE61811

Services: Potential for Thermal Coal and Clean Coal

Technology (CCT) Export in the Asia-Pacific

Period: 2nd Quarter, 1993 (April-June)

Co-Principal
Investigators: Charles J. Johnson and Fereidun Fesharaki

OBJECTIVES OF THE CONTRACT

The overall purpose of this contract is to provide general support and
advice to the Department of Energy, Office of Fossil Energy (DOE/FE) on
likely thermal coal and Clean Coal Technology trading opportunities in the
Asia-Pacific region. The primary objectives of the contract are to:

a)Identify the qualitative and quantitative supply and demand constraints
and trends in the trade of thermal coal in the Asia-Pacific region.

b)Assess the U.S. competitive position in thermal coal trade and identify
potential impacts on and opportunities for U.S. Clean Coal Technology
exports.

c)Function as a catalyst for U.S. industry and government representatives
to access high level planning and decision-making authorities from Asia-
Pacific countries that have or are likely to have an interest in thermal coal
and/or Clean Coal Technologies.



SUMMARY OF QUARTER ACTIVITIES AND PRODUCTS

(1) Prospective authors recommended by APEC representatives from a number
of the APEC member economies were invited to attend the APEC Technical
Seminar in Thailand. A preliminary list of participants and presenters for the
Seminar was completed. Sample tables, figures and headings were sent to each
prospective author as guidelines in order to ensure a standardized format.

(2) Work began on the Asia-Pacific Coal News Biannual Summary and Outlook
for January through June 1993. The biannual summary series outlines the most
recent trends in coal, electricity and technology issues in the Asia-Pacific
region.

(3) Briefings on China power and CCT opportunities were held at the
Department of Energy in Washington, D.C.. In addtion, East-West Center
briefings on energy and environmental problems in China were made to staff of
the U.S. Congress in a U.S. Senate Hearing room.

(4) Research on China energy problems was expanded to include a review of
key Chinese language publications.



QUARTER TECHNICAL PROGRESS REPORT
FOR THE OFFICE OF FOSSIL ENERGY, US DOE

Contractor: East-West Center

Grant Number: DE-FG03-89FE61811

Services: Potential for Thermal Coal and Clean Coal
Technology (CCT) Export in the Asia-Pacific

Period: 3rd Quarter, 1993 (July-September)

Co-Principal
Investigators: Charles J. Johnson and Fereidun Fesharaki

OBJECTIVES OF THE CONTRACT

The overall purpose of this contract is to provide general support and advice
to the Department of Energy, Office of Fossil Energy (DOE/FE) on likely
thermal coal and Clean Coal Technology trading opportunities in the Asia-
Pacific region. The primary objectives of the contract are to:

a)Identify the qualitative and quantitative supply and demand constraints
and trends in the trade of thermal coal in the Asia-Pacific region.

b)Assess the U.S. competitive position in thermal coal trade and identify
potential impacts on and opportunities for U.S. Clean Coal Technology exports.

c)Function as a catalyst for U.S. industry and government representatives
to access high level planning and decision-making authorities from Asia-Pacific
countries that have or are likely to have an interest in thermal coal and/or Clean
Coal Technologies.



SUMMARY OF QUARTER ACTIVITIES AND PRODUCTS

(I) The papers written for presentation at the APEC Technical Seminar in
Thailand were received at the East-West Center. The papers which needed pre-
conference editing were retyped and edited prior to the Seminar.

(2) The EWC Coal Project, together with the National Energy Policy Office of
Thailand, coordinated the September APEC Technical Seminar in Thailand.
Each participant was given a spiral bound copy of the proceedings of the Semi-
nar and will receive a higher quality bound copy of the proceedings in late
December, 1993.

(3) Post-conference editing of all papers submitted for the APEC Technical
Seminar was begun.

(4) The Asia-Pacific Coal News Biannual Summary and Outlook for January
1993 through June 1993 was completed and distributed. The summary outlined
major developments in coal, technology and coal-related news occurring in the
first half of 1993.

(5) Detailed discussions were held with Thai officials about the extent of coal
related environmental problems in Thailand, and about options for addressing
these problems. As a result of these meetings and ongoing research on energy
alternatives(future gas imports from Myanmar, Cambodia and Vietnam and
electricity imports from Laos), coal imports to Thailand are expected to be less
than previously projected by the Electricity Generating Authority of Thailand.



QUARTER TECHNICAL PROGRESS REPORT
FOR THE OFFICE OF FOSSIL ENERGY, US DOE

Contractor: East-West Center

Grant Number: DE-FG03-89FE61811

Services: Potential for Thermal Coal and Clean Coal
Technology (CCT) Export in the Asia-Pacific

Period: 4th Quarter, 1993 (October-December)

Co-Principal
Investigators: Charles J. Johnson and Fereidun Fesharaki

OBJECTIVES OF THE CONTRACT

The overall purpose of this contract is to provide general support and advice
to the Department of Energy, Office of Fossil Energy (DOE/FE) on likely
thermal coal and Clean Coal Technology trading opportunities in the Asia-
Pacific region. The primary objectives of the contract are to:

a)Identify the qualitative and quantitative supply and demand constraints
and trends in the trade of thermal coal in the Asia-Pacific region.

b)Assess the U.S. competitive position in thermal coal trade and identify
potential impacts on and opportunities for U.S. Clean Coal Technology exports.

c)Function as a catalyst for U.S. industry and government representatives
to access high level planning and decision-making authorities from Asia-Pacific
countries that have or are likely to have an interest in thermal coal and/or Clean
Coal Technologies.



SU_,IARY OF QUARTER ACTIVITIES AND PRODUCTS

(1) Editing was completed on papers presented at the September APEC Techni-
cal Seminar held in Thailand. The papers were retyped and reformatted in
order to acheive a consistent set of chapters to insert into a bound Seminar
proceedings volume. A total of 225 volumes were completed and distributed in
lateDecember and January.

(2) A questionnaire designed to gauge APEC member economy opinions on
future APEC Experts _ Group on Clean Coal Technology activities was created
by the Department of Energy and the EWC Coal Project. The questionnaire
results were compiled, analyzed and presented to a small group of APEC Ex-
perts' Group members in December (described below). The questionnaire
results will be presented to the entire Experts' Group in February.

(3) A coordinating meeting of the APEC Experts' Group on Clean Coal
Technology, hosted by the EWC Coal Project, was held at the East-West
Center on December 8 & 9, 1993. The purpose of the meeting was to direct
future Experts' Group activities and to coordinate the transfer of a $500,000
contribution from the Japanese Government through the New Energy and
Industrial Technolgy Development Organization to the East-West Center Coal
Project which will be responsible for administration of the contribution. Re-
sults of an APEC activities questionnaire were reviewed and sites were
discussed for a Technical Seminar and a Training Course in late 1994.



QUARTER TECHNICAL PROGRESS REPORT
FOR THE OFFICE OF FOSSIL ENERGY, US DOE

Contractor: East-West Center

Grant Number: DE-FG03-89FE61811

Services: Potential for Thermal Coal and Clean Coal

Technology (CCT) Export in the Asia-Pacific

Period: No Cost Contract Extension (J_nuary-May 1994)

Co-Principal
Investigators: Charles J. Johnson and Fereidun Fesharaki

OBJECTIVES OF THE CONTRACT

The overall purpose of this contract is to provide general support and advice
to the Department of Energy, Office of Fossil Energy (DOE/FE) on likely
thermal coal and Clean Coal Technology trading opportunities in the Asia-
Pacific region. The primary objectives of the contract are to:

a)Identify the qualitative and quantitative supply and demand constraints
and trends in the trade of thermal coal in the Asia-Pacific region.

b)Assess the U.S. competitive position in thermal coal trade and identify
potential impacts on and opportunities for U.S. Clean Coal Technology exports.

c)Function as a catalyst for U.S. industry and government representatives
to access high level planning and decision-making authorities from Asia-Pacific
countries that have or are likely to have an interest in thermal coal and/or Clean
Coal Technologies.



SUMMARY OF QUARTER ACTIVITIES AND PRODUCTS

(1) An APEC Experts' Group on Clean Coal Technologies meeting was held
February in Indonesia. The purpose of the meeting was to finalize plans for the
$500,000 NEDO contribution to the Experts' Group which is to be administered
by the EWC. Also, budgeting and planning for the upcoming Technical Semi-
nar in Indonesia and the Training Course in Sydney Australia was discussed.
The results of an APEC Activities Questionnaire were further reviewed to aid
the group in planning for the Seminar, Training Course and future Experts'
Group activities.

(2) Charles Johnson and Binsheng Li participated in the AIC Power Generation
in China Conference held in Atlanta on March 23-25 where a paper entitled
China's Booming Electricity Sector: The opportunities and Challenges was
presented. The paper outlined the electricity and Clean Coal Technology situa-
tions in China as well as opportunities for US investors in these sectors.
Discussions were held with senior Chinese officials about the power sector of
China, particularly with respect to the range of problems delaying power plant
expansions.

(3) The Coal Project participated in a series of briefings held at the Metropoli-
tan Club, and Johns Hopkins in Washington D.C. and the Council on Foreign
Relations in New York City in late April. Presentations were given on coal
and Clean Coal Technology issues in China. In addition, Coal Project staff
participated in round table discussions on China's energy sector at the Aspen
Institute.

' (4) The last of the APEC Experts' Group on Clean Coal Technology Techni-
cal Seminar proceedings were mailed to Seminar participants, Experts' Group
members, Energy Official Group members, and other APEC members in Janu-
ary 1994. Extra copies were sent to the APEC Secretariat in Singapore.

(5) Meetings were held with senior officials of China's Environmental
Protection Agency on coal related environmental problems. Meetings wre also
held with executives from major U.S. and Japanese energy corporations.



QUARTER TECHNICAL PROGRESS REPORT
FOR THE OFFICE OF FOSSIL ENERGY, US DOE

Contractor: East-West Center

Grant Number: DE-FG03-89FE61811

Services: Potential for Thermal Coal and Clean Coal
Technology (CCT) Export in the Asia-Pacific

Period: June-July 1994

Co-Principal
Investigators: Charles J. Johnson and Fereidun Fesharaki

OBJECTIVES OF THE CONTRACT

The overall purpose of this contract is to provide general support and
advice to the Department of Energy, Office of Fossil Energy (DOE/FE) on
likely thermal coal and Clean Coal Technology trading opportunities in the
Asia-Pacific region. The primary objectives of the contract are to:

a)Identify the qualitative and quantitative supply and demand constraints
and trends in the trade of thermal coal in the Asia-Pacific region.

b)Assess the U.S. competitive position in thermal coal trade and identify
potential impacts on and opportunities for U.S. Clean Coal Technology
exports.

c)Function as a catalyst for U.S. industry and government representatives
to access high level planning and decision-making authorities from Asia-
Pacific countries that have or are likely to have an interest in thermal coal
and/or Clean Coal Technologies.



SUMMARY OF QUARTER ACTIVITIES AND PRODUCTS

(1) Preparations commenced for the APEC Experts Group on Clean Coal
Technology's Technical Seminar to be held in Indonesia October 10-14, 1994.
Coal Project staff began pre-conference editing of the papers.

(2) A review of Japan's export program on Clean Coal Technology was carried
out in June.

(3) The China energy database is being updated to include regional energy
data. In addtion, a file is being developed on organizational responsibilities in
China with respect to the power sector.



"/'/




