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PREFACE

"... Technology can play a major role in improving competitiveness in a
global market .... DOE, as the advocate for energy in the Federal

government, has the responsibility to provide leadership with other
elements of government in developing a policy environment that is

conducive to making U.S, energy technology more competitive in world
energy markets."

Abstract,R&D Initiativesfor

Energy Competitiveness

Energy Research Advisory Board,
March 1988

"The Federal government and the coal industry should pursue a broad,

integrated and coordinated strategy to promote the use of coal in

developing countries for power generation in the interest of national
security and expanded coal exports."

Improving International
Competitivenessof U.S. Coals

and Coal Technologies
o National Coal Council,

June 1987

"The Clean Coal Technology Program of the United States offers an

opportunity to provide a marketing advantage to coal exporters by linking
tile sales of U.S. coals with clean coal technologies that have been

. commercially proven in domestic markets. Combining the coal and the

technology in a package offering proven and effective environmental and
: economic benefitsmay be especiallyattractiveto countrieswhich are just

beginningto developcoal-basedenergy systems."

Report of the Federal Coal Export
Com mission

U.S.Department of Commerce,

May 1988

V



FOREWORD

The U.S. Department of Energy (DOE) is working with other federal agencies and
with industry on a broad and flexible range of initiatives to improve the UoS. trade
balanceand energy securitythrough increasedexportsof coaland coal technology.

The wise and productiveuse of energy and energy technology isa key factorin

every country for the development and maintenance of economic well beingand national

security. Energy helps to meet the personal needs of people in their homes and fuels the
industries that employ them. Energy is a significant component of agricultural and

manufactured goods for export. These exports in turn help earn the hard currency

needed to import critical skills and products from abroad that are essential to assist in

the continuing process of national development.

The availability, cost, and effectiveness of energy deployment directly affects

national productivity and competitiveness.

The United States is blessed with a wide range of energy resources and has

continuously been a world leader in the development of energy technologies. In
particular, the large and varied U.S. coal resource and its high level of coal utilization in

the world give the United States unparalleled scope and capability in this fuel and

technology field. This leadership is being continued and strengthened through a
multibillion dollar presidential initiative to develop and demonstrate a suite of advanced

clean coal technologies (CCTs). This cc,_ _mitment to improved coal utilization and a

quality environment is unmatched by any c ,her nation.

As Secretary of Energy John S. Herrington noted (1)* in early 1987:

America is determined to become the "world's showcase" of new clean

coal technology. In addition to accelerating our environmental progress

here at home, new clean coal options can help strengthen the common

bonds of cooperation with our international neighbors and provide new
articles of trade.

Discussions between U.S. industry and federal agencies have suggested that the

government might be helpful in collecting and disseminating information regarding
development of markets for coal and coal technologies. In response, DOE, Office of

Fossil Energy, has been screening world energy markets to identify oppoctunities for

using the technological innovations we are advancing domestically as the basis for
encouraging other countries to look to U.S. coal and coal technologies to meet their

energy needs in the future.

The initial focus of this information collection activity has been on three
selected developing countries: Costa Rica, the Dominican Republic, and Thailand.

*Throughout this report, numbe,'s in parentheses are keyed to the alphabetized
bibliography, which contains cited references and other relevant documents.
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Clearly, newly industrialized countries, as well as other developing countries, represent
potentially favorable market areas as weil. Similarly, while the technological driving
force is the suite of emerging CCTs for electric power generation and commercial/
industrial use, it is recognized that the currently established suite of U.S. coal
technologies may also support market opportunities abroad as precursors to relationships
that can continue with CCT products.

The various Fossil Energy initiatives have actively sought the input and
participation of other interested federal agencies. Indeed, the U.S. Agency for

International Development helped to sponsor the early studies that identified specific
countries for more intensive follow-on activity (Appendix A). The results of these initial

efforts are presented in this report and its companion documents for review, use, and

comment by U.S. industry. Because the objective of these efforts is to assist U.S.
industry in increasing exports and improving the U.S. trade balance, constructive industry

review and comment will contribute greatly to the selection and emphasis of subsequent
phases of the Fossil Energy initiatives.

International trade is founded on the concept of mutual benefit. The energy
fuels and technology skills possessed by the United States and its industry offer increased

development capabilities and improved economic well being for international purchasers
of these capabilities. Their increased economic stability and participation in the

international marketplace aids world stability and security. In turn, U.S. security and
other important national objectives are enhanced. The success of these initiatives must

ultimately be reflected, however, in the quality and vigor of U.S. private sector actions
and in the active cooperation and support of energy users in potential host countries.

This work, which was completed in July 1988, was presented at a public meeting

on U.S. fossil fuel technologies for developing countries, held on July 21, 1988, in
Washington, D.C. Although some of the country profile data are now dated, the

opportunities for energy projects appear to remain valid. This information is therefore

being published in the public interest.
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U._ FOSSIL FUEL TECHNOLOGIES FOR THAILAND

by

W.A. Buet_'ing, G.E. Dials, J.L. Gillette,
C.B. Szpunar, and P.A. Traczyk

ABSTRACT

The U.S. Department of Energy has been encouraging other

countries to consider U.S. coal and Coal technologies in meeting their
future energy needs. Thailand is one of three developing countries
d_termined to be a potentially favorable market for such exports.
This report briefly profiles Thailand with respect to population,
employment, energy infrastructUre and policies, as well as financial,
economic, and trade issues. Thailand is shifting from a traditionally

agrarian economy to one based more strongly on light manufacturing

: and will therefore require increased energy resources that are reliable
and flexible in responding to anticipated growth. Thailand has
extensive lignite deposits that could fuel a variety of coal-based

technologies. Atmospheric fluidized-bed combustors could utilize this
resource and still permit Thailand to meet emission standards for

sulfur dioxide. This option also lends itself to small-scale applications
suitable for private-sector power generation. Slagging combustors
and coal-water mixtures also appear to have potential. Both new
construction and refurbishment of existing plants are planned.

SUMMARY

I

Eleci_ricity demand in Thailand has been growing rapidly for several years and is
J

expected to continue to do so into the next century. Thailand intends to maximize the
development of indigenous coal reserves, and it exhibits an environmental awareness that

is somewhat atypical for a developing country. Thailand's high economic growth rate and

favorable investment policies make it attractive for both domestic and foreign
investors. Thus, significant trade opportunities for U.S. businesses exist ill Thatland's

electric and industrial power markets.

This report characterizes Thailand's eriergy situation! discusses the financial,

economic, and trade issues; and summarizes energy project oppc, rtunities in Thailand.

Thailand has several types of natural energy resources, including lignite.

Additional discoveries of high-quality lignite will provide a relatively inexpensive source
of fuel starting in the mtd-1990s. However, for the near term, Thailand will likely

-

depend on imported oil and perhaps coal to supplement domestic production. The 1987

'IIi ........... I_ l_i, _ _ll[i r I_ ..... I,', ,'I_ li lr I" rlr _ ]_I' II'_l' I IF _' ..... _' II
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peak electrical demand was 4,734 MW, which represented a 13 percent increase from
1986. The Electricity. Generating Authority of Thailand (EGAT) has an ambitious invest-
ment program for new capacity to meet this rapidly growing demand. As of September
1987, the EGAT-owned generation capacity was 6,928 MW; In addition, lt purchases

power from Laos and Malaysia. To meet increasing demand with the use of lignite,
EGAT has two 300-MW llgnlte-flred units at Mae Moh and plans for adding seven 300-MW

units by 1995. Two 75-MW units are planned for eonstruetlon In southern Thailand.

Thailand's pro-business stance, conservative fiscal and monetary policles9

abundant natural resources, skilled labor, and growing infrastructure all help to create a

generally good investment climate. Thailand had a steady economic performance in 1987
as the country moved closer to the threshold of a newly industrialized country. One of

the major ebjecflves of the country's Sixth National Economic and Social Development
Plan for 19t17-1991 (12) is to raise Thailand's level of development.

Conditions in Thailand led to several U.S. advanced fossil fuel technologies being
selected for consideration in conjunction with potential project opportunities. These

technologies are the atmospheric fluidized bed combustor, coal-water mixtures, and the

slaggingcombustor. These technologiescould playa major role in the capacityexpansion
and/or conversion opportunitieslistedin Table S.I° The totalvalue of such projects

could approximate U.S.$3.3 billion.

TABLE S.1 Opportunities for Energy PTojects in
Thailand

Unit Estimated Annual

Sector Capacity Coal Demand
and Industry (MW) (kilotonne HCE)a

Public utility
New 5 × 300 3,000

2 × 75 300
i

Retrofit 5 × 300 3,000

Private

Industrial park i × 50 i00
Industrial 3 × 5 30
cogeneration

Cement industry b 600

Totals 3,215 7,030

aHCEI hard coal equivalent (12,600 Btu/ib).

bcapacity measured in terms of tonnes of cement
rathe_ than electrical capacity.



1 THAILAND PROFILE

1.1 HUMAN AND POLITICAL PROFILE

The population of Thailand is estimated at 55 million, of which approximately
8.3 million live in the greater Bangkok area (6 million in central Bangkok, the capital).

The population of the greater Bangkok area is expected to increase to 9.3 million by
1991, when it will rank among the 15 largest cities in the world. In its attempts to

relieve congestion in Bangkok, the government has engaged in a major campaign to
promote development outside this urban area. The eastern seaboard and other new
economic zones are targeted for large industries.

The Sixth National Economic and Social Development Plan (1987-1991) has a
target of 3.9 million new jobs to alleviate both rural and urban unemployment.
Currently, only about 7 percent of the work force is employed in industry. Estimates for
technical and related workers in manufacturing, electricity, gas, and water are 23,000 in
1986; potential scientists and engineers number 20,000, while potential technicians
number 47,000. Overall, Thailand has a well-educated and capable work force for the

Industrial development that lies ahead (Figure 1).

30

FIGURE 1 Thai Labor Force (Source: Ref. 5)



Thailand has been a constitutional monarchy since i932. The king has
considerable influence and has played an important role in maintaining the current
stability. There are 73 provinces in Thailand, each of which is governed by a provincial
governor, appointed by tl_e minister of interior.

The present constituticn, which took effect in 1978, provides for a parliament of

225 appointed senators and 301 elected members of a house of representatives. At the
national level, executive power is administered and legislation is proposed by the cabinet,
on which all the ministries are represented. The cabinet is chaired by the prime
minister, whose post was established in 1933. The first 25 years Of constitutional
government saw the prime minister's power gradually increase. Since 19589 prime
ministers have played the dominant role in running the country. A major change in power
occurred in 1974 with a violent coup d'etat. The current prime minister has been in
office since 1978 ard has provided a relatively stable political environment that has

supportedeconomic growth.

A number of government agencies are principal actors in the energy sector.

These include the National Energy Administration (NEA), the Petroleum ,_uthorityof

Thailand, the ElectricityGenerating Authority of Thailand (EGAT), the Ministry of
Industry,and, only recently,the NationalEnvironment Board. The NEA has attempted to

' provide overallguidance for the energy sector, but the other organizationsoperate
independentlyand have not officiallyfollowed NEA's lead. Cooperation among these

agenciesoccurs on a personallevelto a limitedextent.

1.2 ENERGY OV_,RVIEW

' Responsibility for policy formulation, energy services, and regulation is dispersed

among several agencies in Thailand. The agency responsible for energy generation is
EGAT. The The{ government encourages EGAT to use natural gas and has provided a

subsidy to keep the utility from switching to imported oil for economic and national

security reasons. Thailand intends to maximize the development of indigenous coal
reserves and increase the development of alternative energy resources, including micro--

hydro, biogas, oil shale, and geothermal. The government recognizes the need for

increased reltabl!. = energy generation with the expected growth in the manufacturing,
industrial, and service sectors of the economy.

Thailand has several natural energy resources,includingnatural gas, lignite,
hydropower, and some oil. Among the renewable resourcesare forestproducts,rubber

tree waste, sugar cane processingresidue(bagasse),and sugar cane fieldwaste. The
electricalsector,likethe industrialsector_has experiencedand isexpected to continue

to have very hii_'hgrowth rates. Therefore, additionalgenerating capacity is needed.

EGAT has an ambitious investment program for new Capacity,but demand isexceeding

estimates. The investment program willnot be adequate. The electricpower sector

currentlyaccounts for more than 60 p}rcent of the government investment in public
enterprises.

New discoveriesof hlgh-qualitylignitewill provide a relativelyinexpensive

source of fuel startingin the mid-1990s. This development will help considerablyin



meeting demand, particularly in southern Thailand. For the near term, and for some
time into the future, Thailand will depend heavily on imported oil to meet domestic
energy needs. In 1980, the country depended on imported oil for more than 75 percent of
its total energy requirements. Since then, dependence on imported oil has been reduced
by about one-third. A rapidly growing domestic industrial demand for power will
promote greater use of conservation methods and cogeneration. EGAT is releasing its
tight grip on private power sales to encourage private investment in power generation.
The EGAT expansion plans emphasize increased reliance on lignite for power generation.

Increased use of lignite will have environmental consequences. In the absence of
pollution regulations, new investment in lignite combustion equipment could ignore the
need for pollution control. However, the Thai g'overnment is expected to issue pollution
regulations in the next few years. Thus, potential opportunities for utilization of clean
coal technologies (CCTs) would be enhanced. Project opportunities have been identified
inboth the electricand industrialsectors.

1.2.1 Eleetrie Utility Situation

1.2.{..1 Eleetrieity Demand

Electricitydemand inThailand has been rapidlygrowing forseveralyears and is
expected to continue to grow into the next century. The 1987 peak demand was

4,734 MW, which representeda 13.2percent increasefrom 1986 (II).Thislargeincrease
isthe resultof the rapideconomic recovery that has recentlytaken piace inThailand. In

1986, about 46 percent of the electricityproduced was used in the industrialsector,

about 27 percent incommercial facilities,and 26 percent in the residentialsector,with
the remaining 1 percent consumed in streetlighting,agriculture,and other activities(3).

For Thailand'spopulationof 55 million,per capita electricityconsumption in 1986 was
about 420 kWh. The projectedgrowth rate for peak demand is8.2percent/yearthrough

1991, when it isexpected to reach 6,481 MW. The growth rate isexpected to decrease

slightlyto about 7.3percent/year in the 1992-1996 periodand to 5.1percent/yearinthe
1997-2001 time frame. The anticipatedpeak demands for 1996 and 2001 are 9,202 MW

and 11,821 MW, respectively(11)_

About 62 percent of the householdsin Thailand are electrified(3). This figure

j representsapproximately 6 millionhouseholds.However, electricityusage isnot uniform

throughout the country. About one millionof the electrifiedhomes are in the greater
Bangkok area;they represent about 89 percent of the populationin thisarea. About 40

percent of the electricityused in the residentialsector isconsumed in theseone million
households. About half of the electrifiedhomes outside the Bangkok area qualifyfor

what is called a lifelinetariffbecause they use lessthan 35 kWh/month. About 54

percent of the eonsumptlon in the commercial and industrialsectorsalsooccurs in the
= greaterBangkok area.



1.2.1.2 Geographic Pattern of Power Consumption

Thailand is divided into four major regions. The Central Region (Region 1)
covers central Thailand and includesBangkok. Approximately one-thirdof the total

population livesin thisregion, with 65 percent of these people livingin electrified

homes. This region consumes about 78 percent of the electricalenergy, with about
50 percent beingused in the greaterBangkok area and two adjoiningprovinces.

In the Northeast (Region 2), which also has about one-third of the total

populationof the country, 56 percent of the populationlivesin electrifiedhouseholds.

This regionaccounts foronly 8 percent of the totalnationalelectricityconsumption.

Southern Thailand (Region 3) has about 12 percent of the population,with

6 percent of the total electricityconsumption. Approximately 48 percent of the
householdsare electrified.

In the North (Region 4),the populationisabout 20 percent of the nationaltotal.

Roughly 55 percent of the householdsare electrified,with the totalelectric!tyuse at
8 percent of the nationaltotal.

The growth rates and the benefitsassociatedwith increasedelectricaluse are

regionallydependent. The average annml demand growth in the 1987-200" period is

estimated to be approximately 6 percent in the greater Bangkok area and 8 percent in
the rest of the country. The annual growth in electricity_alesis expected to average
7 percent inthe Bangkok area and 8 percent inthe other areas.

1.2.1.3 Generating Capacity

The responsibilityfor power generation has been given to EGAT, which was
formed in May 1969. EGAT also is responsiblefor production and sale of indigenous

ligniteresources and for power transmission. The MetropolitanElectricityAuthority

(MEA) is responsiblefor distributingelectricitywithin the greater Bangkok area and
Nonthaburi and Samut Prakan provinces. The ProvincialElectricityAuthority (PEA)

distributesthe power in the rest of the country. EGAT alsohas 10 directcustomers to
whom it sellspower. These customers include cement companies, oilrefineries,and

. militaryinstallations.Aipout765 MW of privatelyowned capacity inThailand isused to
meet in-housedemand.

As of September ]987, the EGAT-owned generation capacity in Thailand was
6,926 MW (TableI). Inaddition,EGAT purchasessurpluspower from the Nam Ngum dam

in Laos and has a power exchange agreement with the facilityat Sadao in Malaysia.

1.2.1.4Distribution

The standard transmissionvoltagesare 500, 230, 115, and 69 kV at 50 Hz. The

fourregionsof the EGAT system are connected via 230- or ll5-kV transmissionlines.As

the generationsystem isexpanded, the transmissionsystem isupgraded or expanded ina

consistentfashion. The Central-SouthernTie Line forms a major linkbetween central



and southern Thailand, and a second such TABLE 1 EGAT-Owned Generation
link is being considered. The connection Capaeity, 1987
between southern Thailand and northern

Malaysia has been in ope_.ation since

February 1981. A second connection is
under consideration that would enable Type MW

power transfersof 100, 200, or 300 MW

between the two countries. Hydroelectric 2,250
Oil-fired steam 342

Transmission and distributionlosses Gas-fired steam 2,400
are estimated at I0 or 11 percent of the Lignite-fueled 865
dispatched output, but have been as low as Gas-fired combined cycle 772

8 to 9 percent for some years (3,11). Gas turbines 265
, Diesel 32

1.2.1.5NaturalGas and Oil Total 6,926

In 1987, the ga_-fired steam and Source: Ref. i0
combined cycle units made up

approximately 46 percent of the capacity
and produced about 48 percent of the electricity. Heavy oil units accounted for only
5 percent of the capacity but produced about 11 percent of the electricity. This
difference appeared even though the price of natural gas was lower than the price of

• oil. As an explanation, gas production records indicate that EGAT was limited to an
average of 354 million cubic feet per day. With this constraint,the electricity

: productionfrom these unitswas limited to about 13,690 GWh, or an average capacity

factorof about 49 percent. The ligniteunitsoperate at theirmaximum capacityfactor,

and the hydro unitsare predominantly used inthe peaking mode; therefore,the heavy oil
unitsare used to produce the power that would have come from the gas unitsifthere had

been sufficientgas supply. The productionof naturalgas is expected to increasein the
= next few years,but the_e willcontinue to be a constrainton the use of naturalgas for

most years in the planningperiod. A second 75-MW barge-mounted plantburningoilor

gas is currently under con,_tructionat Khanom in southern Thailand and will be
• operationalin December 1988.

__2.1.6Hydropower

As noted above, the hydroelectriccapacityin Thailandisused predominantly as

peaking capacity. Thus, even though the hydro capacityisabout 32 percentof the total,
itproduced only about 16 percent of the energy,for an average capacityfactorof about

27 percent. Even the largesthydro units(200 to 400 MW) have capacity factorsof only

30 percent or less.

1.2.1.7 Lignite
i

EGAT has undertaken an aggressive expansion plan in order to meet future
demand. Two 300-MW lignite-fueled units are under construction at Mae Moh (in the

, ,

,,,,,rip ,,. ., ,, ,, ,,



North) and are expected to be on-line in July 1989 and December 1990. Many other
construction and renovation projects have been identified by EGAT as being needed by

2001 to meet expected demand. Approximately 7,536 MW of additional capacity (beyond
the 675 MW currently under construction) has been planned to meet this demand and to
account for the 467 MW of anticipated retirements. These projects are in various stages
of planning.

1.2.1.8 Expansion Plans

There are significant differences in electricity demand among the geographic
regions of Thailand° Generating capacity and the anticipatedneed for additional

capacityalsodiffer.

Central. In the Central Region (Bangkok and 26 surroundingprovinces),the base

load demand is met with oil-and gas-firedsteam plants at South Bangkok and Bang

Pakong, along with the gas-firedcombined cycle unitsat Bang Pakong. Current plansfor
thisregion call for expansion of the combined cycle capacity by 600 MW by January

1992o An additional180 MW of hydro capacitywillbe operationalat SrinagarindinApril
1992 and willbe used as peaking capacity. A 550-W gas/oilunitat Bang Pakong willbe

operationalin December 1992 and a similarunitinNovember 1995. Four hydro plantsof

145 MW each are planned forUpper Quae Yai in late 1996 and early1997. Five 600-MW
coal-firedunitsto be added between 1997 and 2001 complete the expansion plan for the

region.

A totalof 5,460MW of new capacity is projectedfor thisregion. This figure

representsalmost two-thirdsof the totalcapacity additionsprojectedforThailand inthe
1987-2001 time frame. In addition to this new capacity, there are plans to do a
considerableamount of renovationat both the North and South Bangkok oil/gas-fired

plants.These plantsrepresentmore than 1,500 MW of capacity.

Northeast. The base load demand in the Northeast (16 provinces)is met by

importingpower from the Central Region and purchasingpower from the Nam Ngum dam
in Laos. Twin 105-MW gas,firedcombined cycle unitsare under constructionat Nam

Phong and are expected to be operationalin November 1989 and January 1991. Four

34-MW hydro unitsat Pak Mun are planned for operationinDecember 1993. Thus, total
planned additionsin the Northeastare 346 MW.

i

South. This region(14 provinces)includesthe Krabi Basin,where lignitereserves

have been found and are now being used to only a limitedextent. Base-load demand in

thisregion is currently met by the twin 20-MW lignite-fueledunitsat Krabi (a third
20-MW unit has already been retired,and the twin unitsare scheduled for retirement in

1990),the 75-MW barge-mounted, oil-firedunitat Khanom, the 30-MW oil-firedplantat
Surat Thani, and the ll5-kV Central-SouthernTie Line. The South isalsoconnected to

Malaysia via a 132-kV tielineto help meet peak deme ld.
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This region is expected to experience a rapid increase in demand. It is therefore

anticipated that sn additional 1,000 MW of generation capacity will be needed by 1997.
The most recent EGAT plans show only a 75-MW ligniteplant at Krabi to begin operation

in November 1992 and another 75-MW ligmte plant at Sin Pun to begin operation in

October 1995 (11). Thus, there appears to be a great need for additional capacity to be

planned and constructed in this region. The new lignitediscovery at Saha Yoi has given

EGAT a ma]or new source of fuel for power generation in the South, EGAT has

expressed an interest in implementing a major new power project there at the same time

itprepares the infrastructure for mining operations. The earliestdate for possible power

generation from Saba Yoi is the mid-1990s. A proposed feasibilitystudy for Saha Yol

will be completed in 1991. Upgrading the Central-Southern T_e Line is another option

that EGAT willconsider ifdemand in the South exceeds the generating capacity.

North. The Mae Moh lignitereserves are in the North, which also includes the

upper part of Central Thailand. This ligniteis burned in power piants that provide the

bulk of the base-load power. Expansion isbased on further utilizationof the lignite,with

seven 300-MW units planned to begin operation between now and April 1995,

Planning Criteria. Table 2 presents a detailed summary of the EGAT expansion

plan through the year 2001. EGAT uses three basic planning criteria when considering

expansion of its generating system. The firstdeals with the loss of the largest units in

TABLE 2 EGAT Capacity, 1988-2001 (MW)

Oil/ Gas/ Comb.

Year Hydro Steam Steam Lignite Coal Cycle Peaking Total

1988 2,250 342 2,400 865 0 772 297 6,926

1989 2,250 418 ' 2,400 1,165 0 772 297 7,301

1990 ' 2,250 418 2,400 1,165 0 772 437 7,441

1991 2,250 418 2,400 1,425 0 982 465 7,939

1992 2,430 418 2,400 1,725 0 1,582 265 8,819

1993 2,430 418 2_950 1,800 0 1,582 145 9,324

1994 2,646 418 2,950 2,400 0 1,582 i00 10,095

1995 2,646 418 2,950 3,000 0 1,582 I00 10,695

1996 2,646 418 3,500 3,075 0 1,582 i00 11,320

o 1997 3,226 418 3,500 3,075 0 1,582 i00 il,900

]998 3,226 388 4,100 3,075 0 1,582 i00 12,470

i_99 3,226 388 4,100 3,075 1,200 1,582 i00 13,670

2000 3,226 388 4,100 3,075 1,800 1,582 I00 14,270 '

2001 3,226 388 3,900 3,075 2,400 1,582 100 14,670

Source: Ref. ii
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the system. This criterion defines system firm generating capacity as being equal to the
total available capacity of hydro and thermal plants minus t_e available capacity of the
firstand second largestunitsinthe system.

A second criterionisthat of the reservemargin. The reserve margin isequal to

the differencebetween the totalavailablecapacity and the peak load, dividedby the

peak load. Historyhas shown that the EGAT system requiresa reserve margin of about
25 percent to ensure that the lossof load probability(thethirdcriterion)willnot exceed

I day/year. However, recent government policyand the limitationsof foreigncurrency
borrowing have dictatedthat the reserve margin be reduced to 15 to 20 percent for
planningpurposes.

The thirdand finalcriterionused in system planning islossof load probabllity

(LOLP). This parameter considers the outage rates of each unit in the system and
combines them intoa measure of overallsystem reliability.In the past,EGAT has used

an LOLP of lessthan 1 day/year as a planningcriterion.As noted above,however, new
restrictionson reserve margin have limited EGAT's abilityto maintain thisLOLP level.

The most recent EGAT expansionplan willhave annual LOLPs In the range of 0.3 to 2.5
days/year.

1.2.2 Industrial Energy Sector

)

1.2.2.1 Major Industries

Thailand is on the verge of being classifiedas a newly industrializedcountry,

along with Hong Kong, South Korea, and Taiwan. Manufacturing has been a leading
source of growth in the Thai economy. Throughout the 1960s and early 1970s, the

government influenced the structure of the manufacturing sector primarilythrough

policies designed to encourage import substitution. Thailand now has a very
sophisticatedindustrialcapabilitythat includesiron and steelproducts and electronic

equipment as well as assembly plantsfor motor vehicles,engines,refrigerationand air
conditioning equipment, and agriculturalmachinery, along with cement, textiles,
chemicals,and transportequipment.

With the development of natural gas fieldsin the Gulf of Siam, the Thai

government e_._barkedon a U.S. $5 billionindustrialdevelopment plan forpetrochemical
and other heavy and lightindustriesalong the easternseaboard. An economic downturn

in the mid-1980s caused some of those projectsto be shelved. The existing"industrial
centers are located in or around Bangkok, but attempts are being intensifiedto attl'act

manufacturers to regionalareas outsideBangkok.

One of the largestindustrialenergy consumers isthe cement industry(15).Siam
Cement, the largestprivateindustrialcompany inthe country,resistedusing indigenous

lignitebecause the highash content made itnot worth the high transportcost. However,
by mixing the lignitewith steam coal imported from the People'sRepublicof China, an
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adequate Btu level is obtained and the problem of ash sufficiently mitigated. The
cement industryis now importing 600,000 tonnes of steam coal per year to mix with
indigenouslignite.

Except for agriculturalprocessingplantsthat use biomass (agriculturalwaste)as

a source of fuel,most industriescurrentlydepend on fuel ollfor meeting theirenergy
needs. However, ligniterepresentsa less expensive and more reliablesource of fuel.

While few companies are decommissioning thelr current oil-firedsystems to install
llgnite-firedequipment, new systems are more frequentlydesignedfor lignite.

1.2.2.2 Cogeneration

About 400 MW of cogeneration capacity is currently used to supply the in-house

needs of Thai industry (10). No power generated from this capacity is sold to EGAT,
eitherbecause the in-houseneeds are just met or because there is no agreed price or
policy for such transactions. Because the majority of this capacity Is fueled with

a_rlculturalwastes (particularlybagasse from the sugar industry),the supplyfrom these

sources isseasonal. With the recent interestin lignite-firedboilers,a new opportunity
existsforcogeneration.

Insome cases,such as in industrialparks,economies of scalecan be achieved ifa

private power and steam generating facilitycan serve more than one user. To date,
there has been littleinterestirlplanningsuch a facilitybecause privatepower was not

permitted to be sold. EGAT holds the monopoly and appeared to want to keep that

status. The Thai government isnow encouraging the devolutionof stateauthorityto the

privatesector. EGAT has acknowledged itsinabilityto make the necessary investment
for new power generation, ltisviewing favorablythe purchase of power from a private

power projectsponsored by the Agency for InternationalDevelopment (AID),with sugar

cane trash as fuel. EGAT islooking to the privatesector to investin new generating
capacity. Industrialestates such as Bangpoo are prime areas for lignite-fired
cogenerationfacilities.

1.2.2.3Fuel Prices

The 1987 pricesfor fueldeliveredto EGAT are given inTable 3. Projectionsto
2001 indicateannual increasesof about 4 percent for fuel oil,2 percent for Imported

coal,3 percent for naturalgas,and lessthan 0.5 percentfor lignite.

I

1.2.3 Natural Energy Resources

The more important energy resources are offshore and onshore natural gas,

lignite,hydropower, and oil/condensates.Renewables representan additionalresource
for power generation.

=

.
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1.2.3.1 Natural Gas TABLE 3 1987 Fuel Priees

Natural gas resources are found
both offshore and onshore. Major natural
gas _eserves have been discovered in the Fuel U.S. $/million Btu

Gulf of Thailand. The proven and
recoverable reserved are estimated at Fuel oil 2.74

3.4trillioncubic feet (15). Currently,the Imported coal 1.60 ($44/tonne)
Erawan and Platong fields, which together Natural gas 2.44
total 1.53trillioncubic feet of proven Indigenous 1.58 ($18.40/tonne)
reserves, are supplying about 400 million lignite
cubic feet/day. Of this,about 300 million

cubic feet/day are being used by EGAT for

gas-flredsteam units,gas-firedcombustion Source: Ref. ii
turbines, and gas-fired combined cycle
units. Most of this capacity is located near

Bangkok.

Natural gas has also been discovered at Nam Phong in northeastern Thailand and

at Lan Krabu in northwestern Thailand. The proven reserve of 0,28 trillion cubic feet at
Nam Phong will be used first in twin 105-MW gas-flred combined cycle units currently
under construction. EGAT plans to develop a total of 600 MW of combined cycle power

generation for Nam Phong. The Lan Krabu site is supplying about 17 million cubic
feet/dgy for 120 MW of power from gas turbines.

EGAT isby far the largestuserof naturalgas inThailand,with feedstock being

the second largestuse (11i,15).Hlstorically,gas use by EGAT has been in excess of
90 percent of the total natural gas use in Thailand. However, production levelsare

currentlylimited and the i_uppllershave put a high p_'iceon theirproduct. The Thai
government wants EGAT tO use naturalgas and has given ita subsidy to keep ltfrom
switching to oil. Production from the gas fieldsis projected to increase from the
429 millioncubic feet/day in 1.987to about I,i00 millioncublc feet/dayby 1995 and then

remain nearly constant through 2001. A large increase in feedstock consumption is

projectedfor 1990_when usage willgo from 70 to 157 mlllloncubic feet/day, ltisthen

expected to grow to ii!levelof 227 millioncubic feet/day in 1994 and remain steady
through 2001. Industrial_ use isexpected to grow from the 5 millioncubic feet/dayused
in 1987 to about 110 millioncubic feet/dayin 2001.

The net result of the increased production an,1the increased usage in the

feedstockand industrialsectorsisthatEGAT isprojectedto have an adequate gas supply

only untilthe mid- to late 1990s. Planned consumption levelsappe r to be changing as a
resultof increaseduse of inexpensivedomestic lignite.Marly industriesare reluctantto

use naturalgas because of the currenthighprice.

1.2.3.2 Lignite

In 1986, approximately 5.5 milliontonnes of lignitewere mined inThailand (15).

EGAT used 4.7 milliontonnes in the production of electrlcityand the cement industry
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used about 0.5 milliontonnes. This latteruse Israpidlygrowing, as shown by comparing
current use to the 4,000 tonnes used in 1980.

Lignite reserves of 814 million tonnes have been proven at the Mae Moh mines in
the Northern Region. It is estimated that these reserves are capable of supporting
approximately 3,000 MW of capacity throughout the lifetime of the power plants. About
825 MW of capacity is currently associated with this resource, and there are plans to add
seven 300-MW units between now and April 1995.

At present, about 5.5 million tonnes of lignite are mined annually from Mae
Moh. The energy content is about 5,200 Btu/lb, with an ash content of about
30 percent. Siam Cement is using Mae Moh lignite, combining it with imported steam
coalfrom China and Australiato Increasethe energy content.

The Northern Region has a second source of lignitein Chiang Mai province at

Wiang Haeng. Total reserves there are estimated at 107 milliontonnes with about 25
millionrecoverable.1

Lignite reserves also exist in the South. The Krabi Basin has total reserves of

120.7 million tonnes, of which about 20 million are recoverable. The quality of the

lignite is quite variable, but the average energy content appears to be about
4,150 Btu/lb. It contains about 23 to 28 percent moisture, 26 percent ash (with only a
small fraction of the ash in the form of calcium oxide), and 3 to 4 percent sulfur. Two

= 20.MW units are using this lignite and are expected to use less than one million tonnes

before their retirement in 1990. Thus, approximately 13 million tonnes remain available

for future generation facilities. This fuel should be sufficier,,t for a 75-MW power plant
to operate at base load for 25 to 30 years. The current plan calls for operation of such a

plantbeginningin November 1992.

Other lignitereserveshave been found at Sin Pun, about 60 km northeastof the

Krabl Basin. This ligniteisbelievedto be of better qualitythan the Krabl lignitebut to

have slightlymore sulfur. The proven reserves are currently given as more than
i0 milliontonnes. This quantity should also be enough to fuel a 75-MW plant for its

llfetlme.The currentplan callsfor thisfaellityto begin operationinOctober 1995.

A major new discover'yof lignitereserves was made in Saba Yoi in 1987. At
least50 mllliontonnesof recoverablereserveshave been located. Addltlonalexploration

in the area isexpected to resultin the discoveryof many times thisinitialamount. An

important feature of thlsnew discovery is the high qualityof the lignite.The energy
content is at least6,500 Btu/lh and may average as hlgh as 7,600Btu/lhor more. Also,

the sulfurcontent Islessthan that of the other depositsin Thailand.

1.2.3.3 Hydroelectric

= The hydropower potential is estimated at 9,300 MW, excluding the two

internationalrivers(the Mekong and the Salween); EGAT has already harnessedabout

2,250 MW of this. Hydroelectriccapacity currentlyrepresentsabout one-thirdof the
installedpower generatlng capacity, and there are plans for almost 1,000 MW of
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additional hydro capacity within the next 10 years. An additional 900 MW are under

study.

The NEA is emphasizing small-scale hydl_opower, for which the potential is
estimated at 39000 MW over i00 sites. Most of the existing and planned hydro capacity is

found in three of tr_e four regions, the exception being the Southern Region. As noted
earlier, however: the hydro _ capacity is used in the peaking mode, with an average

capacity factor of less than 30 percent.

For the long term, the Mekong River and its tributaries represent a major

hydropower resource. About 19,000 MW can be obtained from seven sites along the
river. The tributaries in _Laos alone can produce an estimated 18,000 MW. However,
exploitation of these resources will require more cooperation among the riparian

countries of Kampuohea, Laos, Thailand, and Vietnam than is currently possible.

1.2.3.4 Oil/Condensate

Thailand also has some oil reserves, with approximately 43 million bbl in proven

reserves and another 335 million bbl classified as probable (8,15). The prodt_ctton rate
has been quite low, however, with the result that in 1986 about 87 percent of the crude _
oil refined in Thailand was imported. In northern Thailand, a small reserve produces

about 1,000 bbl/day. The condensate contributions from the Erawan/Piatong group of

offshore gas fields are more substantial, at about 10,000 bbl/day. The Strtkit oil field at
Lan Krabu produces about ].5,000 bbl/day. No increase in production is expected.

In 1986, the refinery capacity in Thailand was 194,000 bbl/day, and the average
production rate was 186,400 bbl/day. About 63 percent of these products was used in the
transportation sector, 13 percent in manufacturing, 8 percent in agriculture, and
8 percent by EGAT.

1.2.3.5Renewables

Thailand intends to maximize development of indigenous conventional reserves

but also tncrease the development of alternative energy resources, including bagasse,

biogas, and geothermal. A resource already used to some extent for power generation in

the private sector is rubber tree waste. These are the trees removed for new plantings.
Another resource for whtch use is only now being planned is sugar cane trash. This is the

residue left in the fields after harvesting. AID has examined the potential for' using
sugar cane trash in the South for local power needs. An AID study identifiedacapabllity

to provide 260 MW of year-round power, from which a surplus can be sold to the grid at a

price that fits EGATts long-term margtnat cost.

1.2.4 Energy 'transportation Infrastructure

The Thai governmen_Is approach to the transport sector is determined by two

main constderattons_ the n _r complettorl of the national highway system and energy



conservation. The former oonstderatlon dictates a slowdown in highway spending and a
shift toward concentration on provincial and rural roads, and toward improved
maintenance arid rehabilitation of the entire road system. On the other hand, energy
efficiency in tt_e transport 9rotor, which accounts for about 40 percent of petroleum
product consumption In Thailand, Is expect(:_d to be improved by a shift from the road
subsector to rail and water transport. This shift Is favored on the premise that past
heavy investments in roads were justified only by previously cheap oil, discouraging the

development of alternative, more energy efficient modes of transport.

1.2,4.1 [and Transport

The network of paved roads has expanded significantly, from sn estimated
8,500 km in 1962 to 130,000 km in 1980, consisting of 14,000 km of national highways,
30,000 km of provincial roads, and 85,000 km of rural 1,cads. Correspondingly, the
vehicle fleet has also grown from about 300,000 to about 2 millionover the same

period. In contrast,the railway network, totaling 3,800 route-km, hardly expanded

during that same period. Road freightand passenger traffici_rewon the order of 7 to
9 percent per annum, -ailwaypassengertrafflegrew by 8 percent per annum, and railway

freight trafflogrew by only 4 percent per annum despite subsidizedtariffsupport.

Signlficantamounts of mineralscurrentlyare transportedby _all.

Substantialexpansion of public investments In transportmodes other than road

transport,and in partlcularin railways, Is being assessed. Road tram_port,which
currentlyaccounts for 80 to 90 percent of totaltrafficin Thailand,consumes about 95

percent of total fuel used In the transportsector. Therefore, Increased efflclency,

improved malntenance, and gradual fleetmodlflcatlonon roads are llkelyto save more

energy than largeand costlyexpansionsInrailwayservlce.
=

Slgnlflcantroad sector development isbelng accompanled by development of an
efflcienttruckingindustryIn the prlvatesector. Trucking Isnow the prlmary means of

haullnglignite. Little,if any, lignlteIs moved by tall. Although a posslblllty,no tall

spurshave yet been planned to accommodate the new lignitedlscoveryat Saha Yol.

i

1.2.4.2Water Transport

To support Industrlaland rei_ionaldevelopment of the eastern seaboard area, a

major deep-sea port Isunder constructlopat Laem Chabang. But no date Isreportedfor
Itscompletion because of a relativelylow growth In port demand in general. Although

the _overnrnent had planned to expand the deep-sea port at Sattahlp,lt has concluded
thatprivateindustrywould not be attractedto the upgraded port.
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1.3 FINANCIAL, ECONOMIC, AND TRADE ISSUES

1.3.1 Impact of Financial, Economic, and Trade Issues

Thailand Is committed to t_ade and welcomes foreign private investment.
Thatland's pro-business stance, conservative fiscal and monetary policies, abundant

natural resources, skilled labor, and impressive infrastructure all help to create a

generallygood investment climate, Thailandhad a steady economic performance in1987
as the country moved closer to the thresholdof a newly industrializedcountry. The

28 percent increase in exports was the catalystin the 8 percent growth in real gross

domestic product. One of the major objectivesof the Sixth National Economic and
SocialDevelopment Plan isto raiseThailand'slevelof development. In the near term,

the Thai government willaddress the solutionto tl_etrade and domestic budget deficit
problems as well as ways to increaseemployment, manage problems of natural_'esources

and envlronmentaldeterloratlon,and promote equityamong itspeople.

1.3.2 Financial Trends

A set of key financialindicatorsassistsin measuring the viabilityof a country's

economic activityand its future prospects for development. These key economic
indicatorsinclude trade balance, current and capital acceunts, foreignreserves,and

exchange rates(Table4). Thailand'stotalexport/importlevelsare depictedin Figure 2.

' The 1986 levelsby country are shown in Figure3.

1.3.2.1 Balance of Payments

The balance of payments monitors a country'sinternationaleconomic activities.
Balance of payments deficitsmay resultfrom transitoryfactors,such as acrop failureor

a labor strikeIn a major export industry,or from more d"ep-seated and perslstent
causes, such as low productivitygrowth or strong cost--pushinflationaryforces. The

current account:In 1987 Pan a deficit,,but capital movements Into Thailand kept the

balance of payments Ina surplusamounting to about U.S. $700 million.

1.3.2.2 Current Account

The current account Includesunilateraltransfersand private remittances, In
additionto the balance on goods and servicesor balance of trade, The decline In oil

prices had a dramatic effect on Thalland'scurrent account in 1988, and the terms of

trade Improved some i0 percent. There was a savingsof approximately U.S.$I billionon

petroleum Imports. During 1986, the "VisitThailand Year," touristarrivalsIncreased
roughly 20 percent,which also helpedthe currentaccount run a slightsurplus.In 1987,
however, the current account reversed itselfand ended with a deficitoi' U.S. $800

millionbecause of the sharp increase In Imports sustalnlni_tl_eeconomic growth of
Thailand.
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TABLE 4 Thailands Key Economic Indicatot.s (in millions of current year

U.S. dollars, representing period averages, unless otherwise indicated)

Indicator 1984 1985 1986 1987 a

!pcqm_.__Production, apdjEmploymen_

GDP at current prices 40,486 36,862 40,189 -

GDP at constant '(1972) prices 14,586 13,018 13,902 -

Per capita GDP at current prices 803 719 771 -

Gross fixed capital formation at 9,678 8,551 8,875 -
current prices

Personal income 32,360 29,641 32,198 -
Labor force (in thousands) 26,380 27,140 27,910 -

Unemployment rate (%) 5.1 6,1 6.8 -

M_on,ey and Prices

Money supply 3,948 3,320 4,068 -
Interest rates, commercial bank prime 16.90 16.04 13.51

Indi_es (1976 = i00)

Wholesale price 169.1 169.0 168.4 -

Consumer price 189.5 194.1 197.7 -
i

Balance of Payments anl Trade

Gold and foreign exchange reserves 1,695 2,708 3,776 5,000

External public debt 7,633 9,478 11,015 -

Annual debt service, total 2,033 2,189 2,402 -

Balance of payments 448 459 1,278 -
Balance of trade -2,957 -2,130 -386 "-230

Total exports, FOB 7,413 7,125 8,802 10,500

Exports to U.S. 1,273 1,401 1,576 1,540

Total imports, CIF 10,370 9,255 9,188 11,730

Imports from U.S. 1,382 1,048 1,314 781

Exchange rate

(baht per U.S. $i.00) 23.64 27.14 26.27 25.50

aEstimated.

Source: Ref. 5

=
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1.3.2.3 Capital Account

The capital account encompasses the purchase of stocks, bonds, or real assets in
a nation by another country. The Securities Exchange of Thailand attracted substantial

foreign investment in 1987. The exchange's net worth in 1987 was U.S. $475 million,
compared with only U.S. $96 million t_' 1986 (16). The Thai government perceives that

the most efficient way to attain long-term financial potential and mobilize equity
funding from abroad is to develop Thailand's capital market. Of the registered capital

investors seeking investment incentives between 1960 and 1985, 28 percent represent

foreign investment. Japan is the leading investor wttt] 7.6 percent of cumulative
registered capital and the United States is second at 4,7 percent, with Taiwan third at

2.6 percent (Table 5).

1.3.2.4 Exchange Rates

Exchange rate variationsallow individualcountrlesto controltheirown money

supplles. The main impetus to the steady riseIn manufactured exports has been the
decllneof the U.S. dollar-llnkedbaht. The firstpush came in 1984 with a 14 percent

devaluatlon of the baht against the dollar. This was a dlfflcultdecisionfor Thai

policymakers for whom the baht/dollarpeg had been the foundation of monetary

stability.The devaluatlondecisionInvolvedconslderationsof exchange rate stabllltyand
potentialgrowth. The rateas of January 1988 was 25.5 baht per U.S.$I.00.
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TABLE 5 Application for Investments (in millions of
current year U.S. dollars)

Jan.-Sept. 1986 Jan,,Sept. 1987

No. of Invest- No. of Invest-

Country Projects ment ($) Projects ment ($)

Europe 26 128 74 516
Hong Kong 12 47 36 132
Japan 26 315 140 1,105
Taiwan 32 121 125 380
USA 18 97 37 372

Source: Ref. 17

1.3.2.5 Foreign Exchange Reserves

Thailand'sgrowth has been attained with price stability.The international
reserves reached the level of about U.S. $5 billionin the latter part of 1987.

Manufactured goods are becoming increasinglyimportant sources of export earnings.
Thailand isone of the few developingcountriesthat isa net exporterof food products,

and itranks as one of the world'sleadingexportersof rice.

1.3.2.6 Inflation

The consumer price index,as a measure of inflation,has remained within the

2-3 percent range since 1984. Consumer prices,estimated to have risenby 2 percent in
1987,are expected to increase3-4 percent in1988.

1.3.3 Incentives to Trade

The Board of Investment (BOI), establishedin 1977 under the Investment

Promotion Act, is the centralinvestment planningauthorityin Thailand. The BOI'srole
is to encourage foreignand domestic investment,particularlyin sectorsand locations

most appropriatefor the country'soveralleconomic development. While laws such as the
Alien Business Law of 1972 prohibitmajority owned'shipin a company by non-Thai

individuals,there are numerous incentivesdesigned to promote investment in the

country.

z

=
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1.3.3.1 Investment P_motion Aet

This act, administered by the BOI, defines priority areas for investment,
identifies investment opportunities, and establishes the basis for "promoted" activities.
Promoted entities may be granted certain guarantees and privileges including, but not
limited to, the following:

• Exemption from or reduction in import duties and business taxes on
imported machinery;

• Remittance of foreign currency covering the return of capital,
profits, interest, and principal on foreign loans, royalties, fees, or
otherobligations;and

• Exemption from income tax on net profitsfor three to fivefiscal

years, depending on the size of the investment or number of
workers.

1.3.3.2 Industrial Free Zones

Additional exemptions or reductions are generally available for enterprises,
whether or not e_:port-oriented, that are established in one of the nine Industrial Free
Zones in Thailand. These zones are intended to disperse economic growth throughout the

country and extend socialservicesto the ruralprovinces. The BOI willgrant benefits
such as reductionsof businesstaxes on the saleof productsfor a maximum of fiveyears;

I_- exemption from import duties and businesstaxes on raw materials;and reduction by
50 to 75 percent of company income taxes for a further period of five years for

companies locatedina designatedindustrialestate.

1.3.3.3 Exchange Control Act

The BOI must approve the _epatriationof investment funds,dividends,profits,

and returns to those companies not covered under the two aforementioned scenarios.

Approval to repatriatethe investment funds,dividends,or profitsof directand portfolio
investment,isgranted in,but not limitedto,the followingcases:

• After deduction of income and othertaxes and afterappropriation

of reserves;
_

• Transfer of up to 50 percent of the net profitfor the firstsix

months of the accountingyear;and
4

• Transfek'sof largefunds may be permittedonly in installmentsso as

to prevent undue fluctuationsinthe exchange rate.

m

=
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1.3.4 Financing, Insurance, and Investment Options

Various investor option3 ex_ t for project financing. These financing options
differ among lenders, but include long-term capital project financing, reimbursable
grants on a cost-sharing basis, and direct ,_hort-term financing. The options will include

financing sources such as government agencies, multilateral institutions, and private
investment firms. These sources could include, but are not limited to, the following:

• U.S.government

Trade and Development Program (TDP)

Agency for InternationalDevelopment (AID)
Overseas PrivateInvestment Corporation(OPIC)

• Multilateralinstitutions

InternationalFinance Corporation(IFC)

Asian Development Bank (ADB)
World Bank (WB)

• Privateinvestmentfirms

Commercial banks

Investment bankingfirms

Insurance for the investormay be obtained through selectprivate banking and
investment sources that have programs designed to secure investment risk. The key

federalagency responsiblefor en._ ing the securityof U.S. investment is OPIC. For

qualifiedinvestors,OPIC offers_::_uranceagainstinconvertibilityof foreign earnings,

expropriationor confiscation,war, revolution,insurrection,and civilstrife. OPIC also
offersadditionalinsuranceand financeprograms for U.S.investorsinenergy projects.

Alternative investment strategies,dependent on the extent of control and/or

commitment desired by the investor, include, but are not limited to, licensing,

partnerships,and turnkey projectarrangements. A jointventure has not been recognized
as a legalentityunder the civiland commercial code.

...

1.3.5 NationalTrade Objectives

The Thai government's economic development policiesare based on a liberal,

export-oriented,free market philosophy. With Jound monetary and fiscalpoliciesand
favorable investment incentives,the government is managing the economic expansion

and growth so thatthe benefitsreach an increasingproportionof Thai society.
'4

q

1.3.5.1 Monetary and Fiscal Policies :.

In 1987,"thefinancialsystem experiencedexcess liquidity.To maintain a check

on inflation,the Central Bank of Thailand isreducingliquidityin the money markets to

haltan expected increaseincommercial bank lendingactivitiesresulting,fromthe recent
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economic growth. This constrictive monetary policy is intended to fuel domestic growth

by increasing exports and the concomitant export earnings base by trying to limit an
anticipated increase in imports resulting from increased domestic purchasing power.
Fiscal policy is targeted to further reduce the largely yen and dollar debts. Preliminary
plans for the 1989 fiscal budget anticipate that expenditures will increase by 11 percent
and that the deficit will be in the range of 2.8 percent of gross domestic product.

1.3.5.2 Development of Urban and Specialized Zones

The development of the economic base in communities at the metropolitan level,
in cities in the regional areas, and in new economic zones is considered an important

strategy for the future. Urbanization is a result of the changing economic structure of
Thailand as a newly industrializing country. The Sixth National Economic and Social

Development Plan sets a strategy for dispersing development of urban and new economic
zones in different parts of the country. A wide range of tax incentives is providing the

impetus for industry to locate in the Bangkok metropolitan area and to develop the
easternseaboard.

1.3.5.3 The Treaty of Amity and the General Agreement of Tariffs
and Trade (GATT)

Onder provisions of the 1966 Treaty of Amity and Economic Relations between
Thailand and the United States,U.S. firmsare accorded nationaltreatment except when

engaged in communications, transport,fiduciaryfunctions,banking involvingdepository
functions,or domestic trade in indigenousagriculture.The GATT providesThailand with
reduced tariffb,,rriersunder the GeneralizedSystem of Preferencesand with an orderly
structureforinternationaltrade with the United Statesand otherGATT member nations.

1.3.6 Other Factors

The importance of providing adequate electricalpower for the continued
economic and industrialdevelopment of Thailand cannot be understated. Thailand isof

importance to the United Statesforseveralreasons. Thailandisa strong,reliableallyof
the United States in South Asia, and itsstabilityand continued economic growth are

important to U.S. foreignpolicyinthe region. The United Stateshasavested interestin
the abilityof Thailand to serviceitsdebts to internationaland commerJciulbanks. The

repayment of these loansdepends on stronl_and continuouseconomic growth, facilitated

through expansionof the manufacturing sector. This growth requiresdependable energy
inputsto guarantee productionand output. Also,the expansionneeds of the Thai power

sector provideopportunitiesin which U.S. technologiesand serviceshave a comparative
advantage;therefore,significanttradeopportunitiesexist(9).

Thailandisprogressingtoward and encouragingdiversificationto shiftto a light
manufacturingeconomy from a traditionallyagrarianone. This shiftwillrequireenergy

generationthatisreliableand able to keep pace with the growing manufacturing exports



24

to meet the planned seetoralexpansion under Thailand'sSixth NatiOnal Eeonomle and
SoeialDevelopment Plan.

See Appendix C for a listingof major U.S.eompanies operatinginThailand.
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2 OPPORTUNITIES FOR ENERGY PROJECTS IN THAILAND

Given Thalland's large lignite resources and a rapidly growing demand for

electricity, the atmospheric fluidized bed eombustor (AFBC) in sizes of 50 MW and larger

appears to be a viable candidate for eleetrte sector opportunities in Thailand. This
technology will allow this domestic resource to be used while meeting the Tha| standards

on sulfur dioxide (SO 2) emissions. If current practices are 3hanged so that private sector
power generation is expanded (some exists today under special circumstances), the AFBC
technology tn units of 25 MW or greater may be competitive with other options available

for this purpose.

Cost and performance information on standard coal plants for power generation,

AFBCs, and other CCT systems is provided in Appendix B. (The costs given in the
illustrations are for installations in the continental United States.) Other technologies in

this set, such as gasification, may also prove to have potential application in Thailand,
depending on the magnitude and nature of the energy demand and the relative costs of

competing fuels.

For example, another opportunity in Thailand concerns conversion of several

aging oil-fired stations. These units tnelude approximately 1,600 MW of capacity and are
scheduled for renovation in the early to mid 1990s. Slagging combustors and coal-water

mixtures (CWMs) appear to have some potential application in this situation. However,
because of the characteristics of the indigenous Thai lignite, the coal used with either of

these options would likely have to be imported. Nonetheless, such imports would replace

imported oil, possibly at a competitive cost. These opportunities also will be briefly
examined irl the following sections.

2.1 ELECTRIC UTILITY SECTOR

As noted in Section1.2,EGAT has significantcapacity expansion plans calling

for utilizationof lignlte-flredpower plants,especiallyin the Northern and Southern

: Regions. In the very near term, EGAT plans to builda lignite-flredunitIn the South.
And, it has expressed strong interestin obtaining U.S. assistance in revising its

prefeasibilitystudy for a lignite-firedpower plant there. Although thisproject was
thought to be ready foraward, the discoveryof a largenew llgnltedepositin the viclnity

of Krabi led EGAT to reevaluatethe project. A U.S. AFBC unit isconsidereda good

possibility.

For the medium term, EGAT's expansion plan calls for construction of more than

1,500 MW of new llgnite-fired capacity t_y the mld-.1990s, sustainable by domestic
reserves. Thus, demonstration of U.S. AFBC or other technology in a small-scale

applicationcould lead to significantscale-up potentialand utilizationopportunitiesin
the llumerous300-MW plantsto be builtInthe North. Also,supportof the Thai effortto

i

further the development and use of the domestic llgnlteresources could encourage
considerationof U.S. coal imports for facllitatlngplant start-up(and untildomestic

volume supply equilibrateswlth demand), for qualityblending,or for coal demand in
othersectorsof the economy (e.g.,inthe cement sector).

k

W
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2.1.1 Atmospheric Fluidized-Bed-Combustor Application for EGAT

The Krabi Basin has _pproximately 20 million tonnes of proven lignite ,'eserves.
These reserves are of lower quality by world-class standards, in that they are
characterized by high moisture, ash, and sulfur contents, and possess calorific value on

the order of 4,380 Btu/lb. Betterqualitylignitehas been discoveredat Sin Pun, about
60 km northeastof Krabi. Estimatesexceed 10 milliontonnesof recoverablereserves.

Design and performance criteriamust adhere to the Thai NationalEnvironmental

Board'srequirements for approximately 70 percent SO 2 removal; nitrogen oxides (NO x)
emissionsare expected to be withinguidelinelimits,and particulatesare expected to be
controlledby a baghouse system.

Several optionsare presented in Table 6 for 50- and 100-MW unit applications.

These estimatesare based on an annualfixedcharge rate of 11.2percent and levellzation
factorsof 1.0 and 1.6 for ligniteand oil,respectively.Note that the 50-MW AFBC and

oil-firedoptionsare essentiallyequivalentin cost. However, the AFBC unit would use

indigenousratherthan imported fuels,an important consideration.For the largerunit,
the AFBC would fare betterbecause of a bettereconomy of scale.

The AFBC appears inoreeconomical than pulverizedcoalinjection(PCI)wlth dry
flue gas desulfurization(FGD). Because the Thai National Environmental Board will

probably require a FGD system, PCI without FGD is not a likely alternatlve.

Furthermore, a PCI plant would not possess the flexibilityto handle the varying,

TABLE 6 Electricity Cost by Option (costs in 1987 U.S. dollars)

50-MW Unit 100-MW Unit

PCI/ PCI/
Component AFBC Oil dry FCD AFBC Oil dry FCD

Capital cost (S/kW) 1,870 1,360 2,020 1,560 1,150 1,830
}{eatrate (Btu/kWh) 11,730 10,490 11,560 11,730 10,490 11,560
Fixed operating and
maintenance ($/kW/yr) 40.8 2_.4 53.2 29.5 16.1 38.0

Variable operating and
maintenance (mills/kWh) 3.2 1.6 4.0 3.2 ].6 4.0

Level. iZ_dBfUe[ cost($/i0 iu) 1.96 3.50 1.96 1.96 3.50 1.96
Levelized electricity

cost (mills/kWh) 64.3 65.3 69.2 59.5 62.0 66.3

Source: Based on information from Ref. 4
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nonhomogeneous lignite quality anticlpated from the Krabl basin. Thus, the AFBC is a

strong potentlal oandidate_ meriting more detalled study'

2.1.2 Metropolitan Electricity Authority Refurbishing

In 1993, 240 MW of oil-firedcapacity at the MEA's North Bangkok Station is
scheduled to under_.,orenovation (11). In addition,1,300 MW is scheduled to undergo

renovationat the South Bangkok Stationin 1995. These overhaulsofferthe opportunity

for replacement by slaggingcombustors or a CWM application.

Renovation costs have been estimated at $50 million ($210/kW) for North

Bangkok and $60 million($46/kW) for South Bangkok. These renovationswillextend the

lifetimeof the plants by about 20 years. Howeve,',these plantswould continue to be
fueled with heavy fuel oil. Options for conversionto coal are alsoavailable,and costs
can be estimated. For thispurpose,we willassume that the llfe-extenslonrenovation

already planned can be modified so that no derating will occur (an optlmlstlc

assumption). We willalsoassume capitalcostsof $200/kW for CWMs and $300/kW fora

slaggingcombustor and a 10% interestrate(Table7).

An assumed levellzedcost of oilwas estimated at $3,90/millionBtu, yieldinga

comparative eleetricltycost of 41 mills/kWhfor a renovated oil-firedplant. Therefore,

the potentialappears to existfor applyingCWMs or slaggingcombustors inretrofitting

TABLE ? MEA Options -- Electricity Case (costs in 1986 U.S. ,
dollars)

Slagging
Component CWMs Combustor

Capital cost (S/kW) 200 300
Heat rate (Btu/kWh) i0,000 9,900
Marginal operating and maintenance cost 0.5 3.0

= above oil-fired unit (mills/kWh)
Fuel pricea ($/106 Btu) 3.50 1.60
Adjusted cost of electricity (mi!is/kWh) 39.7 25.1

abased on using U.S. coal delivered at a cost of $40/tonne,
because indigenous lignite is not appropriate for either
technology.
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p

the Bangkok oil-fired units. Speoifte areas to be addressed, in addition to move detailed
=economic analyses, include=

• The extent of derattng that may occur, particularly with CWMs,
and/oy means to mitigate this effect! and

• The extent to which some of the planned renovation costs could be
avoided or refocused as part of the specific design process to
convert to slagging combustors or CWMs.

2.2 PRIVATE INDUSTRY

Power demand is growing much faster than EGAT's supply, even with a stepped-
up investment program. Thus, the government is considering the approval of private
power generation with possible sale to EGAT or thtrd parties.

Opportunities for industrial-park power generation may exist in the prtvate
sector, where gas-fired turbines are being considered. Estimates made for small

Industrial llgnlte-ftred bolle,'s indicate that the cost of self-generated electricity is likely
to be greater than the cost of buying electricityfrom EGAT. However, the AFBC has

economic potentlalfor self-generatedpower at sizeson the order of 25 MW and above.

Thus, small-scaleappllcatlonsof thistechnologyappear to merlt closerexamination.

Finally, the cement industry has almost completely converted to coal.

Approximately 500,000 tonnes/year are Imported from the People'sRepublic of China,
whereas about 150,000tonnes/yeaz'come from Australia.Some optionsmay existto llnk

a fossilenergy technologyproject to U.S. coal imports for the cement industry,where
possibletrade or eommerce incentivesariseor where flnanoialor technlcalassistance

appears warranted.

2.3 REMARKS

From the foregoinganalysesof the energy development needs of Thailand and

the potentialappllcabllityof U.S. fos.ql!fueltechnologies,itappear_ithat opportunlties
existfor energy projectdevelopment. Possibleclean coal technologlesfor utlllzatlonIn

Thai electricpower generatlon Includethe atmospheric fluidizedbed combustor, with
slaggingcombustors or a coal-water mixture applicationfor the North and South Bangkok
renovatlons.
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APPENDIX A

SCREENING_OF CANDIDATE COUNTRIES

The "U.B, FossllFuel 'Peohnologlesfor DeveloplngCountries"projectwas

initiatedby the U,S.Department of Energy,Offloeof FossllEnergy(DOE/FE),inJune
1987,toevaluate,analyze,Identify,and developmarketopportunltlesforU,B.fossilfuel
technologiesfordevelopingcountrypower generationand/orIndustrlalutilizationinthe_
Asian,Near East,and LatinAmerloan/Carlbbeanregions,Thlseffortisintendedto
resultinenhancedtransferof U,S.fossilenergytechnologyand Increasedcompet!tlve-
nessoftheU,S.fossllenergyIndustryindeve!oplngcountries.

Thisappendixsummarizes the initialscreenlngof candidateoountrles,a task
accomplishedby Argonne,NationalLaboratory(ANL) through fundingprovidedby

• DOE/FE and the U,S,Agency 'forInternationalDevelopment(AID).The approachusedis
presentedInFigureA.I,wltl_the InitialresultsbeingdetalledInTableA.I, The starting
piacewas a listingof75 AID-asslsted'countrles.

The generalobjectivesforevaluatlngoandldatecountrieswere formulatedto
Includetheexistenceof conditionslaver'abletoa coal-orlentedproject,thechance of

successfullyImplementingand completlngthe project,the opportunityfor In-country
repllostlonof a successfulproject,and the opportunityfor,transferringthe knowledge
and experiencerelatedto the projectto other countries. The purposeeZ the
standardizedsoreenlngapproach wa_,not to ellmlnateJudgment throughthe use of
absolutescreens,butrathertoprovidea reasonablemethod forreducingthe eandldate
llsttoanappropriatesmallergroupforfurtherstudy.The criteriausedwere=

i. CountryIsa "priority"AID-asslstedcountry--among the top 37
(upper50 percent)recipientsof FY 1987 Development Assistance

j (DA) and Economic Suppo,,tFunds (ESF),AND countryreceivesproject-typeassistance.
|

2. Country has provencoal reserves of more than 20 million tonnes
OR countryImportedmore than10,000tonnesof coalIn1984,OR
countryImportedU.S.coalIn1984,1985,or1988,

3. County has Installedthermalcapacitygreatestthan or equalto
= I00 MW,

4, Country has a historyof high electricityconsumptiongrowth
(greaterthan 5 percent/yearbetween 1973 and 1984),OR

: projectionsIndicate'that futurepower demand growth willbe
higherthan4 percent/year.

EighteencountriesIn the Asian,Near East,Latin American,and Caribbean
re[_}q[l,upassedallfourcriteria(TableA,]).Inaddltlon,Jamaica,which wouldhavebeen

' eliminatedby the low demand projec,tlon,wa_]added to thisllstbased on specific
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plans 'for this country to add 88 MW of coal-fired _ener_tton capacity in the early 1990s
and the recognition of t'eaent high load growth and u_,_.;.c:,.:_;alnttesJndemand projections.
The countries that passed includes ' ,=

Asian Near East _Latl___nAmer !oan/Carlbbean

Sanl_iadesh Egypt Bollvla
India Jordan Costa Rica

Indonesia Morocco DominicanRepublic
Pakistan Tunisia Ecuador

Philippines Guatemala=
Thailand Honduras

JamalcJa
Panama
Peru

These 19 countrieswere examined in more depth than was possiblefor the_
7BeountrlesInvolvedInthepreliminarysereenlngprocess.The 19 countryprofilesthat
were developed covered important teohnieal_ financial/economic, social/institutional9
and other practical factors affecting the electrical g'eneration and industrial sectors,
Someof the Important factors considered are listed in Figure A.1.

The resultwas identificationof 10 countriesthatwere the most favorablefor

furtherstudyinconjunctionwiththe tee,hnologyand vendoranalysesto be conducted.
Thosecountriesare:

Costa Rica

DominicanRepublic
Ecuador
India
Indonesia
Jamaica

,-,. Jordan
Pakistan

Philippines
Thailand

Subsequentdlsousslonsamong DOL/I.E,AID, and ANL led to an emphasison
threeof the above countrlesforthedevelopmentof more detailedcountryprofllesand
analysisof projectopportunlties,These threecountrie_:are Costa Rlca,the Dominican
Republic,and Thailand.
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FIGURE A.I Suinmary of Screening Process
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TABLE A.1 Countries Meeting Screening Criteria

Criteria

Country 1 2 3 4 Pass

Afghanistan No a Yes Yes Yes No

Bangladesh Yes Yes Yes Yes Yes
Belize No No No No No

Bolivia Yes Yes Yes Yes Yes

Botsw_.a No Yes Yes No

Burkina Faso No No No Yes No

B_irma No Yes Yes Yes No

Burundi No No No Yes No

Cameroon Yes No No Yes No

Cape Verde No No No No No

Central African Republic No No No No No
Chad No No No No No

Comoros No No No Yes No

Congo No No No Yes No
Costa Rica Yes Yes Yes Yes Yes

Cypcus No Yes Yes No No

Djibouti No No No Yes No

Dominican Republic Yes Yes Yes Yes Yes

Ecuador Yes Yes Yes Yes Ye_

Egypt Yes Yes Yes Yes Yes

E1 Salvador Yes No Yes Yes No

Equatorial Guinea No No No No No

Fiji No Yes Yes Yes No

Gambia No No No Yes No

Ghana No No Yes No No

Guatemala Yes Yes Yes Yes Yes

Guinea No No Yes No No

Guinea-Bissau No No No Yes No

Haiti Yes Yes No Yes No

Honduras Yes Yes Yes Yes Yes

India Yes Yes Yes Yes Yes

Indonesia Yes Yes Yes Yes Yes

Ireland No Yes Yes No No

Israel No Yes Yes Yes No

Jamaica Yes Yes Yes No No

Jordan Yes Yes Yes Yes Yes
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TABLE A.1 (Cont'd)

Criteria

Country 1 2 3 4 Pass

Kenya Yes Yes Yes Yes Nob

Lebanon No Yes Yes No No

Lesotho No No Yes No '

Liberia Yes Yes Yes No No

Madagascar No Yes No No No
Malawi No Yes No Yes No

Mali No Yes No Yes No

Mauritania No No No No No

Mauritius No No Yes Yes No

Morocco Yes Yes Yes Yes, Yes

Mozambique No Yes Yes Yes No

Nepal No Yes No Yes No

Niger Yes No No Yes No

Oman Yes No Yes Yes No

Pakistan Yes Yes Yes Yes Yes

Panama Yes Yes Yes Yes Yes

Peru Yes Yes Yes Yes Yes

Philippines Yes Yes Yes Yes Yes

Portugal No Yes Yes Yes No

Rwanda No No No Yes No

Sao Tome No No No Yes No

Senegal Yes No Yes Yes No

Seychelles No No No Yes No
Sierra Leone No No Yes No No

= Somalia Yes No No Yes No

South Africa No Yes No

Spain No Yes Yes No No
Sri Lanka Yes No Yes Yes Lo

Sudan Yes No Yes Yes No
Swaziland No Yes No

Thailand Yes Yes Yes Yes Yes

Togo No No No Yes No
Tunisia Yes Yes Yes Yes Yes

_ Turkey No Yes Yes Yes No
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TABLE A.1 (Cont'd)

Criteria

Country 1 2 3 4 Pass

Uganda No No No No No

Uruguay No No Yes No No

Yemen Yes No Yes Yes No

Zaire Yes Yes No No No

Zambia No Yes Yes Yes No

Legend:

1 = Top 50 percent of AID-assisted countries (top 37

recipients FY 1987 DA and ESF) AND receives

technical/project assistance.

2 = Proven recoverable coal reserves greater than

20 million tonnes OR country imported more than

i0_000 tonnes coal in 1984 OR country imported

U.S. coal in 1984, 1985, or 1986.

3 = Thermal power capacity greater than or equal to
i00 MW.

4 = Past growth ih electricity consumption greater

than 5 percent/year (1973-1984) OR power demand

projections greater than 4 percent/year.

aHumanitarian assistance projects implemented through

the Afghan Resistance Alliance.

bStudy is considering countries in the Asian/Near East

" and Latin American/Caribbean regions only. .
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APPENDIX B

AMERICAtS CLEAN COAL COMMITMENT

Executive Summary*...

._ign_ftcantopportunities rx/st for new clean coal technologies because of past
expendituresand a nationalcommitment to futuresupport.

For the lastdecade, the U.S.has been pursuingopportunitiesto develop advanced

clean coal technologies.A solidtechnicalfoundationnow exists,and usingit,the nation
has begun to embark on a major expansion of c_ean coal technologydevelopment and
demonstration.

Innovative clean coal technologies can generally be grouped into two

categories:(I)retrofittechnologies_hich can be used on existingplants to reduce
emissions,and (2)repowering technologiesthat replace a significantportion of the

original plant and often increase capacity while reducing emissions.

These emerging technologies offer significant improvements in cost-effective

environmental performance, compared to previous alternatives. For example, advanced

physical coal cleaning can potentially reduce SO2 emissions by 65%, more than double
the effectiveness of conventional techniques, and chemical and microbial cleaning may
boost that effectiveness to 90% or more.

Retrofit techniques such as the limestone injection multistage burner, slagging
combustors, gas reburning, in-duct sorbent injection, and advanced flue gas cleanup, used

separately or in combinations, can control both SO 2 and NO x and produce an
environmentally safe waste product. Although the sulfur emission reduction potentials of
some of these technologies are lower than conventional flue gas scrubbing, the reduction

levels will likely be sufficient to meet possible future requirements for existing plants.

Repowering technologies, such as integrated gasification combined cycle (IGCC)

and fluidized bed combustion (FBC) are able to reduce both SO 2 and NO x emissions. In
the case of IGCC, sulfur emission reductions greater than 99% have been achieved, while

pressurized FBC is capable of lowering sulfur emissions by 95%. IGCC technologies can

also reduce NO x emissions by 40% compared to a conventional coal-fired power plant,
while pressurized FBC technologies can achieve a NO x reduction of up to 85%.

J

Many of these retrofit and repowering options are in the demonstration stage

today. They will be technologically available either in the late 1980s or early 1990s.

In addition to improved environmental performance, the new clean coal

technologies, particularly repowering concepts, also offer substantial technical and
economic benefits. Repowering an existing power station, with IGCC for example, can

- *The following text is excerpted from Ref. 1.
C-
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improve its power output by up to 150%. This boost in power production offsets most of
the capital costs of refurbishing an aging plant, thereby resulting in only a minimal

_ impact on the cost of electricity.

The Nation has builta solidR&D foundationforclean coal technologies.

America's commitment to clean coal technologiesbegan inhundreds of research
laboratoriesand test sites in the 1960s and 70s. In the aftermath of the 1973 oil

embargo, the U.S. coal research pi'ogramwas drivenlargelyby a goalof displacingliquid

and gaseous fuels. Beginning in 1980,however, the program began to concentrate more

on innovativetechnologiesthat could controlSO 2 and NO x. The principalmotivationin
tiledecade of the 1980s has been to address growing concerns about environmental

issues,such as acid rain,and the compatibilityof increasedcoal use with the natlonts

environmentalgoals.

From 1980 to 1985, the u.s. --through both publicand privatefinancing--spent

approximately $3.2 billionon the development of new coal technologies. Of this,the

research,development and demonstration of new coal-basedtechnologiesto controlSO 2

and NO x accounted for more than $1.6billion.

The progress made as a resultof these expendituresprovidesthe technological

basis for proceeding with full-scaledemonstrations of promising new clean coal
technologies.

The U.S.israpidlybecoming the world'sshowcase forc_ean coal technology.

America's [currentand contlnuing]clean coal commitment is a nationaleffort

Involvingthe federalgovernment, state governments and privatesponsors ...[Through

thisjoint endeavor,]the nation is meeting Itscommitment to a cleaner environment in
concert with increasingthe use of American coal.

Coal'sabundance (8096of the nation'sknown fossllfuel resources)makes ltone

of America's most important strategicresources in buildinga more secure energy
future. Coal can be one of the nation'smost productivedomestic energy sources well

into the 21st Century and beyond. If coal is to reach its fullpotential,however,

economically competitive, advanced coal-usingsystems must be developed which are

sensitiveto diverse energy markets and site-specificfactors as well as stringent
environmental requirements.

America'scleancoal commitment has the potentialto:

: I. Control large amounts of the SO 2 and NO x releasedfrom coal-
firedpower plantsincludlngthose in the environmentallysensitive
Northeast.
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2. Return economic benefits to American Consumers by permitting
clean energy to be generated without financially constraining
capital investments for environmental controls.

3. Retrofit and repower aging coal-fired power plants, particularly in
the East.

4. Use high-sulfur coals, thereby avoiding the social disruptions
associated with massive coal switching, and

5. Reduce acid rain related emissions -- especially from aging power

plants in the nation's northeast quadrant.

How rapidly these innovative clean coal technologies will be deployed depends
upon many factors. Two of the important are (1) technology risk -- concern about the

performance and reliability of the technologies-- and (2)market demand-- influenced,

for example, by the growth in demand for electricity and the future regulatory
environment.

America's... clean coal commitment directly addresses the technological risk.
By developing and demonstrating new technologies at commercial or near-commercial
scale, the risk of commercial deployment is reduced. And it can give America a

substantialmarketing advantage in internationaltrade by permittingthe "packaging"of
U.S.coal along with the technologyto use itcleanlyand efficiently.

America's clean coal commitment comes at a time when the nation's

environmental consciousness-- and that of our globalneighbors-- ison the rise. ltalso

coincides with the nationalgoal establishedby the President to assure American
competitivepreeminence inthe 21st Century.

Perhaps most importantly,America's clean coal commitment representsa public
and privatesector partnershipthatcan make coal an environmentallyattractivefuelfor

the future,a fuelfor energy security,and a fuelfor continuedeconomic growth.

- Technologies

The illustrationsand summary text on the next I0 pages have been reproduced
from Ref. i.
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ConventionalCoal-Fired ..........,,,
ElectricPowerPlant

m

stlam

SteamTurbine POWER

= fF

Conventional Coal-Fired Electric Power Plant '
How Does lt Work?
Theconventional coal.fired power plant, which is usually equippedwith particulateremovaldevices only, is used as the base
technology hi this'briefing. The sulfur emissions from this type of plant are tied to the sulfur content of itscoal feed, The
subsequent technologies described In tills Appendix involve SO2/NOx emission control procedures, These technologies are

compared with the base technology to highlight their atlributes In terms of their SO2 and NOx removal abilities and associated
costs.

Conventional coal-fired power plants may vary insize from less than "_00 MW to more than 2000 MW and may be used tn
base.load and/or intermediale-load applications, The efficiency o#the energy conversion from raw coal feed to the produo'tion
ot electricity is 35-38 percent, The cost of capitalfor a new plant in the 350-1000 MW size Is from $1,500.$1,800 per kw, With
routine maintenance, a plant Is expected to perform at design speolticationsfor about 30 ye,_rs,The operating and malntenar,oe
costs range from 15-25 mills per kwh. The net heal rate for conventional planls range from 9,0'00.11,000 Btu per kw.

Coal combustion may be carried out in pulverized coal burners,cyolone furnaces, or variousstoker and grate arranger'nents. In
pulverized coal boilers, pulverized coal is blown into the furnace, A significantamount of the Incombustiblefines leave with the
combustiongases as fly ash, andthe remainder is collected as bottr.mash, In cyclone furnaces, coal Is fed into the furnace
tangentially, which increases the residence time and promotesthoroughcombustion, However, the increased corrtbustion
temperatures also result in Inoreased NOx formation, Instoker-firedboilers, coal entersthe fireboxon movinggrates, The

combustiblegases ignite and generate steam in the boiler, The solidscontiqueto burn as they travel through the furnace
toward the a_h collector at the end ot the grate.

Heat from the combustion gases is transferred to the water circulating In the boiler tubes. After a series of heat exohange
' operation,_within the boiler, _aturated or superheated steam is generated, This steam then expands through a steam turbine,

its velocity increases, and itstemperature and pressure decrease, The high velooily steam impinges on the turbine blades
causing rotation. The mechanical ,energyfrom the turbine Is convertedto electrical energy by the generator.

, Conventional boilers have either a wet or dry bottom, In wet bottomdesign, when coal Is burnedash, becomes molten and runs
to the bottom of the boiler. Hence, these boilers require coal with low ash fusion temperature, In contrast, In bolers with dry
bottom designs, coal ash Is not supposed to liquefy;so, these boilers require coal with high ashfusion temperatures. Power
plant coal pulverizers are also designed for speciflotypesoi coal, II an alternative coal Is more difficultto grind or contains too
much ash, then the pulverizer cannot provide adequate fuelto the boiler. Althoughcoal sulfurcontent does not significantly
impact combustion, lt does irnpact the performanceof electrostatic precipitators.Forcoals containing less than 1 percent sulfur,
pedorrnance oi an electrostatic precipitator designed for highsulfurcoals becomes less effective.
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Flue Gas Scrubber
How Does lt Work?
Flue gas scr'ubbin0 Is a commercial technology that has been utilized in many power plants, e_peclally those burning
high-sulfur coal, Ii Involves reduction oi SO2 from the combustion flue gases prior to almospheri_ emissions by ohemieal
reachon with alkaline sorbents.

• In a wet flue gas scrubber, the gas produced in coal combustion is typically sprayed with a slurry made up of water and an
alkaline reagent, usually limestone. The SO2 in the tlue gas reactschemically with the reagent in the slurry forming calcium
su'hie and/or _;alciumsultate, which is removed and disposed of In the form oi a wet sludge having the consistency of
toolhpaste. This wet sludge is composed of calcium sulfite, calcium sullale, waler, and unreaolod limestone.

Scrubbers have been widely deployed, some removing more than 90 percent of the SO2 emissions from hlgh-sultur coals.

-_ Scrubbers are relatively costly to install and may cosl as much as $250 per kw capacity. Also, a flue ga_ scrubber Is costly to
operate. II consumes from 5-8 percent ct the plant's output to run pumps, fans, and a flue gas reheat sy_,(em, II has high
maintenance costs and consumes a large amounl of water (500.2500 gallons per mlnule lcr a 500 MW unit), Further, there
are reliability problems due to plugging and fouling of the equipment and corrosion of fans and downstream ductwork. Large
space Is required to handle sorubber waste-typically one aere-feet per MW per year.

An alternative approach is the dry scrubber, or spray dryer, In a dry scrubber, the reagent slurry--usually Ilme--I_ Injected Into
an absorber vessel In a finely atomized form, The droplets evaporate In the hot gas, leaving only dry, reacted particles for
collect=onin a conventional baghouse or electrostatic preclpltator,

Although the dry scrubber i_ simpler, it has not been used _uccesstully on hlghosulfur coal which may require 90 percent
control. A dry scrubber may, In fact, be more costly than a wet scrubber, due to the increased cost of _hereagent, for grass

_- roots installation.

" WhatAre its Attributes?
• The wet flue gas scrubber can achieve over 90 percent SO2 removal from flue gases. However, lt is costly to install,

operate, and maintain.
• NOx emission is not affected by a wet or dry Ilue gas scrubber,
, Flue gas scrubbing reduces the overall efficiency of a coal.fired power plant frorn 35-38 percent to 32-35 percent
, Large amounts of serubber sludge are produced (in the order oi t acre.feet per MW per year). Therefore, sludge handltng

requires large amounts of space
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Advanced Flue Gas Cleanup
How Does lt Work?
There Is a greal deal of activity Involved In lhc developmenl of advar_oedflue gas cleanup devices. A number of processes are
under development. E×amples of tlle types oi processe_ under developmenl Include the use ct electron beam radlalion tor
process enhancement and the use of metal oxides both for SO2 (:ontroland as a calalysl for the seleelive catalyldo reduollon of

NOx by an'tmonla. These processes are primarily applicable to grass roots units but may also prove uselul Icr the retrofit of
existing units,

The copper oxide fluidized bed process is undergoing proof ct concept testing at the present lime. Alumina sptleres are coated
with copper oxide and suspended In a bed thal Is fluidized using the flue gas laden with SO2 and NOx, The copper oxide

reacts with SO2 t(,_produce ¢opper sulfate, which is combined with natural gas to regenerate the copper oxide, The NOx react_
with ammonia (in the presence of copper stJIfate,which serves as a catalyst) to produce molecular nitrogen. ['he moving bed
contaelor, also under development, is less mature but potentially cheaper than the fluid bed aontaator.

Electron Beam Processes preoent alternate approaches that appear to be attractive. Irradiation of flue gas wilh electron beams
produce.J, under the proper temperature and humidity conditions, an abundant supply of h'ee radicals, ions, monoatornlc
._pecles, and secondary electrons which promote the oxidation ct SO2 and NOx to sulfuric and nitric acids, respectively, Two

separale processes based on this phenomenon have been under developmerlt, The first uses a lime spray dryer upstream of
the electron beam ¢hamber. The second uses ammonia injection to react with the acids and term ammonium salts.

In the first approach, part oi the reaction Is between the flue gas and lime slurry in a spray dryer, Efficiency is Improved in an
electron beam chamber, and the reaatlons are aompleted In a fabric filter baghouse. In the second approach, the flue g[_si_
Jrradlaled In the presence oi ammonia,

What Are Its Attributes?
. Ii Is capable oi reducing SO2 and NOx emissions by 90 peraenl,

. lt I_ capable of achieving hlgll reduoltons in NOx emissions; more than other retrofit teehnologie_

= . While initially d_:welopedfor new applications, ii can be economically competitwe In corlaln letrolit applicallons, particularly
where deep NOx removal is requcred,

. lt is capable oi either regenerating the sorbent or producing a terlilizer (E-beam arnmonla),
: . Urdike flue gas scrubbers, it does not produce large quantities oi scrubber _ludge, Hence, even ll]ough the capital co_ts are

irl the same range as those for fluegas scrubbers, the overriding advantage.Jare many,
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Limestone Injection MultistageBurner or Slagging Combustor
HowDoesltWork?
The slagging eornbustor Is an advanced device thai will control or remove objectionable sulfur and particulate matter from
coat.derived fuel betoro II is injected Into relrolltled boilers or treater., Allhough the.qecombustors are primarily Intended for

- retrofit applications, they will also be applicable and appropriate for Inoorporallon into the design of new taellltles thai can
utilize trleir compact size and flexlblltly of coal use, The limestone Injec_llonmLillll]lage burner (LIMB) approach Is Idol}ileal in
application lo retrofit and new Installation. as Is lt_eslagging combustor, The coal, either as a dry pulverized fuel or a_ a coal
liquid mixture, Is led inlo lt_e oombuslor in lhc (_onvenllor'_almanner (pulverized coal firing) or pumped under pressure and

=- injected as a slurry.

In the slagging combuslor, the fuel Is Injecled radially from a central Injoolor, whereas lhc air Is led tangenllally' _.lroun¢lthe
periphery. The Inleraotlon of the alr moving olreumterentlally and the coal particles or droplets moving axially and radl[dy
oulward results in a continuous llow of air across a burning parllcW, thereby providing more rapid and eftlolenl combustion ct
the coal, Points oi air Injection can be placed In such a manner as to provide staged combustion to control NOx formation,

Sullur dioxide control 1_achieved by lhc Injocllon of alkali compounds, e,g,, Ilme..;tone,dLIrlngcombustion or with the fuel, The
slagging eombustor controls parlloulate ernlsslon by converting the a_h Intomolten slag which, together with the solid m._lflteu
and _ullates produced by the Injection of Itmm_lone,.are removed betore the hot gases enter the boiler or heater passage
areas, In the LIMB, the limestone io IntrodLmedinto the combu_lor or into the combustion gases of a burner operating at a
temperature thal produces dry ash, "['he partlc_ulates,Including tile reaoled sorbent and sullur, are carried through the boiler
passageways and subsequenlly caplured by either a baghoLme or ele(_lro_lallopreelpllalor before exhausting the flue gas to
the atmosphere through the slack,

WhatAreItsAttributes?
, There are no special coal handling requirements other than the addition of a limestone feed system.
. the slagging combustor produce,J a molten slag containing the ash _nd captured sullur as a solid waste prior to boiler entry,
, The removal of a_h as _lag rejection Is 80-90 percent,
, NOx reduction Is achieved by staged combt._sllon.

=

. NOx reduction ct 50-70 percent relative to wall.fired, pulverized.coal combustors ts achieved,
• Slagging combustors have the potential to replace exlsllrlg cyclone boilers, which are very high NOx emiller._,

, Coal liquid tuel can slmplity fuel storage, handling, and Wed systems.
• Injection oi _ullur _orbent either with the fuel or separately into lhc combuslor or lnlo lhc cornbLlsllon t:la_;esellmlnale_ _he

neeOtor a tlue gas desullurizatlon system.
. High-sulh._r,high-ash, and low-fusion lemporal_m eoal.,_can be u,_ed,
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Gas Reburning and In-duct Sorbent Injection
• How Doeslt Work?

G_I_reburnlno t.l_osa small nntount (10-20 percent ct total luol Inpul) oi natl_ml gae]which Is Injected _bove tt_onormal heat
release zone oi lhc furnace to form an oxygen deficient zone, The NOx produced In the primary ileal releaue zone i.

"roburned" In the oyygoll dellclenl zone and partially reduced lo molecular nitrogen, Finally, burnout air I'_Introduced above
lhc reburnlng zone to complete the conlbu.tlon proco_s, Since the natural Oas contains neither m_llurnor nst_,emission oi
both nrc reduced Irldirect proportionto the antounl oi gaou,_od,

In.duel tmtbent InJecllon Involves the spray Injection ct calcium based sorbents close lo tlm uonter ct the duet and downstt'enm
Irom the combusllon zone, TI_odirection of the Injection Is ¢oeurronl with lhc ga. flow, ancIn_ the eChOoi spray oXl.)andththe
ga_ within the cone cool_ emdthe SO?..I[+rapidly absorbed by the _pray droplet_, The tlner the t;orbentdroplets, the more
reactive they ale, Several ta-dual sorbent Inleollori procoosoeare under development, Tile mode oi .praying, tile position of i

the spray mechanism In the dual, and the nature ct tile sorbent may van/depending on the process, However, the ha.lo
prlnclples of ¢_11processes are similar, Captured as dry cal_ulm ,aultatept:trtl_les, ,902 Is removed In the downstrGam particulate
collection equipment along wlth ttle flyash _nd lhc unreaeled sorbent,

What AreIts Attributes?
* A moder_ite amounl of _O2 and NO× redu_lon i_ obtnlned al a co.I Ilmr I. slgnltlcanlly lem_lhan the cost lo t.me a

scrubber,

. A dry and _ontoxlo solid wa..]teIs produced thai nan be dle_pot_edof en.lly,

. II can e;_tly be retrofitted to on exlotlng anti wlttlout requiring a major Inve_tn'lenl or a lengthy outage,

. While there tBa small decrease In efficiency due to the small amount ct energy noeded to opernle the equlprnenl, there Is
an Improvement Irl the operation ct the boiler beaau[_eof the reduced loading ct astl Into the boiler,

' _1 ..... ii1_, , ,n, ,,
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Advanced Coal Cleaning
How Does lt Work?

Sultur exi_to In (:}oattn tWObasic forms, colnmorlly called pyritic and organic, Pyritic sulfur I_ Iron pyrite which exists In the coal
as discrete .mali pELrtlolos.Because this mineral Iook[_like gold, lt Is ,_ometlmesreferred to as "fool's gold," Organic [_ulfurI_

= compo_ed ct sulfur rnoleoule_chemically bound to the complex coal molecule, Of the coal which 18burned today,
approximately 35 peroenl i. cleaned by oonvenUonal (_oal(;leaning planl_,, Conventional cleaning extracts the he_:wlerforms
of mineral matter, euoh ao a_h and pyritic sultur, from tt_ecoal, _}lnoethe (:}oalle Ilghler tl_arlthe ash and pyrite, II oan be
e.sentlally "floated" and thereby separated, However, none of the organic sulfur I_ removed by trle.e oorlventlonal procesee_,
For tho_e coals cleaned, the _ulfur re(;luotlonranges from 10.30 percent depending on the parent coal arid the oloanlrlg
technology applied, Coal cleaning technologies can be grouped Into two categories: phy.laal and c]hemloal, Phy[tloal
rJleanlng technologies, _uoh as those being used commercially today, separate the ash and pyritic sultur from the (:}oalusing
phvsloat dlfterenoes, Therefore, the reduction ct sulfur emissions Io limited to the percent of pyritic ouifur In the coal, Chemical
and microbial coal cleaning involves the Irltroducllon of chemical or ml(:}roblalagent_ which react with the sulfur, Inc}ludlng
organic _ullur, ash, and ._ometlmes the coal itself, to remove ash and sulfur, No eheml(;edor microbial co_l oleanlrlg
te(flmology is now in commercial use,

What Are Its Attributes?
. Chernioal (Jleanmghas the potential of removing over 90 perrJentof the sulfur from coal, but the processing costs are greater

than the oo_t_ oi physical techniques,

. Reduced ash level_ and improved coal quality have the potential ct helping to ofl_et the cost{}of cleaning lhc coal (e,g,,
reduced tran_porlatlorl oo_ts, and improved poworplant availability and reliability due to reduced ash levels).

z

• New coal cleaning plants would typically be built nenr coal minos,

. Adwmood phystoal cleaning leohnologle_ Include _evoral prooo.se'J with the potential of removing 65 percent of the total
_ultur in coal, The chemical technologies range from treatment with hot caustic (capable el removing 90 percent of the
sulfur and 98 percent oi the a_h) to removal of organic _ulfur u.lng mloroorganlsrns,

.The wa'J.lefrom coal cleaning oonsl_;lsof solid mineral matter and is typically disposed of at the mine _lle.

_, , , A_ nitrogen oxldeo are Iormee during cornbu_llon, ('oal cleaning cJoo_not recluoe NOx oml.._slon_,
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Coal-Liquid Slurry Fuel
How Does lt Work?
The slurry fuel burning .ystem Is not unlike a pulverized coal.fired boiler, exoept that its feeding operation Is easter and Its

fuel relatively cleaner, Coal in the form of a slurry is pumped under pressure into tt_eburner manifold where lt Is Injected into
the combustion oharnber, With the proper oombustor design, high oombustion ettiaienoles can be _lc_hleved,Use ot coal slurry
tuels will not have any slgnllloant adverse etfeot on system efficlenoy nor any adverseelfeot on unll Ilte, The preparation and
use of a coal slurry fuel may Inorease tt_ec_ostot utilization; I_owever,the advantages oi goal slurry fuels, I,e,, transporlabllily_
ease of handling, safety, ease of feeding into tile combustor, use of cleaner coal resulting from the fuel preparation p_'o(_ess,
efg,, may offset the elleots of Inc_reasedutilization costs, Use oi coal slurries prepared from standard pulverized coal will
necessitate the same pollutant control processes as wllh pulverized coal.fired systems. However, most coal slurry fuels are
produoed as glean fuels, thus reduolng to a minimum the pollution control requirements at the user site,

What Are Its Attributes?
, The fuel preparation process aohleves slgntilcant reduc_tlonr_In SO2 and partloulate emissions,

, lt is possible to reduoe SO2 emissions by more than 60 percent,

. lt slgi_lficantly reduces the quantity of waste produced at the user site,

. II eliminates coal pile run-off pollution control requirements,

. lt provides ease ot transporl, storage, t_andllng,and leedlrlg,

. Increased injection pre.Jsures permit better fuel dispersion and, sub.equently, higher combustion intensity and, therelore,
unll slze reduction,

, Ii provides for direct use in slurry form of wet coals produoed from coal cleaning processes, without th_ added cost of coal
drying required for pulverized fe_d systems,

. lt significantly simplifies the feed system oi a pressunzed fluidized bed omnbusllon system.
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Integrated Gasification Combined Cycle (IGCC)
How Does lt Wo_'k?
in a ga_iflcationreactor,Goalis reactedwithairand steamatnhightemperature,This_Jausestheooaltobe_onwdedto a

. gascomposedpredominantlyofhydrogen,(,,arbonmonoxide,and hydrogeneulflde, Theash,whichI_ notgasified,can than
be easilyseparated,The sulturIn the coalIs convertedIntohydrogensultldewhlaheveniuallycanbeconvertedtoelemental
sulfu_or _omesolidwaslomalarial, The gleanedOasstreamI_eombustedIn a gas turbine. Whilethegas tLIrblneIsstmllarto
letenginesthatpoweranaircraft,lt t_spoeitlcallydesignedto run electricalgunerators,'1"hecombustedgaseswhlot_exitthe
oas turbineare stillhot enoughIo generalesteamwl_lehearlthenruna steamturbineto produceadditionalelectricity,The
n,',m_e"combinedcycle"Isderivedtromthetact thatbothgas andsleamturblneRare Inthe system,

What Are Its Attributes?
= . Thereareno specialcoal handlingrequirementsotherthanthe potentialtoadd limestonetothe coalfeed,

. Gasesrequlrebcl particulateand sulturcleanupbeforeenteringthe gasturbine, NofluegascleanupIs required,
, Combtnedcycleplants,In additionto Increasingtheefficiencyofenergyproduction,carl becompo_erJofstandardized

modulesIn 100,200MWslze._applicableIo large_mdsmallutdltles,Thisleadsto easierInstallation,lessconstructionlime,
andrelativelylowerco_twithoutthe usualeconomyof scalepenalties,

, The wastegeneratedts a dry,benign_olldthai canbedisposedof e_sllyor usefullyemployed(e,g,,elementalsulfuror
materialtor roador buildingconstruction),

_ , l'he spacerequiredfor IGCCexpansionIsof thesameorderof rnagnlludeaswouldbe requiredfor a scrubber,
: . II Is relativelynon.sensltlvetocoal leedstook,
_; . Sullur removallevel_oi over 99percenthavebeendemonstrated,'Fho_eemissionlevelsarewellbelowthe existing

emissionstandardof 90 percentremowl for newplant,':J,
. Nitrogenoxideremovallevelsoi 40 percenthavebeen demonstrated,

What Repowering Potential Does IGCCHave ForTargeted Plants?
In repoweringwithIGCC,a gaslfler,gasstreamclean-upunit,gas turbine,and wasteheatrecoveryboilerareadded;In mo_t

cases, the._ereplacetheexistingcoal boiler, The remainingequipmentI[_lett In piace,Includingthe steamturbineand
electricalgenerator,Tile resultis an extenmonoi plantlife toessentiallythatof a newplant,an IncreaseIn eftlolenoyfroma

nominal 35 percentto over40 percent,and an Increasein overall plantou(putof 50-150percenlwithslgnlllcanllyreduced
' ova!aliemissions,The incrementalcostof the additionalcapacityI_lowcomparedtothecostof a newplant,
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° Pressurized Fluidized Bed Combustion
How Does lt Work?
Pressurized fluidized bed combustion(PFBC) utilizesa furnace inwhich a bed of coal and limestone(sorbent) is suspended in
a stream of upward flowingpressurized air. The suspendedparticles behave like a fluid. Duringcombustion, tubes with flowing
water that are located withinthe bed are heated to formsteam. The steam generated is then sent to a steam turbine forthe
generation of electricity. Increased system efficiencyis realized by combined cycle operation throughthe incorporationof a gas
turbineto recover additionalenergy from the pressurizedproductsof combustion. A distinctiveaspect of fluidized bed
combustionis that when coal and a sorbent are injectedinto the bed, SO2 reacts with the sorbentto produce a dry and benign

_- solid.

What Are Its Attributes?
• There are no special coal handling requirements other than the add!tton of limestone to the coal feed.
• Gases require hot particulate cleanup before entering the gas turbine. No flue gas cleanup is required.
° The fluid-like motion of the solids in the combustion chamber promotes turbulent mixing that Improves combustion efficiency

and the in situ capture of sulfur dioxide, eliminating the need for add-on removal units.
• The superior mixing also permits combustion at substantially lower and more evenly distributed temperatures. This results

in the reduced formation of nitrogen oxides.
o Elevated pressures permit higher combustion intensity and reduce the size of the unit.
• Combined cycle plants, in addition to increasing the efficiency of energy production, can be composed of standardized

modules. This leads to ease of installation and a relatively lower cost without the usual economy of scale penalties.
- • Modularity provides for staged construction which permits smaller increments of capacity, thereby shortening construction

t_meand lowering financing requirements.
, The space required for PFBC expansion is of the same order of magnitude as would be required for a flue gas scrubber.
• Combustion oc.curs at temperatures below the ash melting point so thai solids accumulation and boiler tube erosion and

corrosion are minimized.
• Since it is relatively non-sensi'_iveto feedstock, ali types of coals or coal wastes can be used.

• The waste generated is a dry, benign solid that can be disposed of easily or usefully employed (e.g., as material tor road or
• building construction),

What Repowering Potential Does PFBC have For Targeted Plants?
Since type or size of boiler can be repowered by PFBC technology using the existing plant area, coal and waste handling
ec!ui¢)ment,and steam turbine equipment, the life of lhe targeted plant can be extended. Although the initial cost may be
somewhat higl_,there are no net incremental operating costs; un,ke a scrubber, PFSC uiii_:iu,uy;_ no; u,=u,=uuu ,_"....... "^
losses. Also. the addition of the gas turbine provides an increase in plant capacity of about 40 percent.
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Atmospheric Fluidized Bed Combustion
. How Does lt Work?

A fluidized bed combuslor _sa furnace in which a bed oi solid particles Is suspended in a stream of up-flowing air, The
suspended particles behave like a fluid, During combustion, tubes with ,flowing water that _,re located within the bed and/or
above the bed in the flue gas path are heated to form steam. The steam generated ts then sent to a steam turbine for the
generation of electricity. The distinctive aspect of a fluidized bed combustor is that when coal and a sorbent-.sucn as
limestone--are injected into the bed, sulfur dioxide is absorbed by the sorbent to produce a dry and benign solid. Atmospheric
Fluidized Bed Combustion (AFBC) operates at or near atmospheric pressure,

What Are Its Attributes?
. There are no special coal handling requirements other than the addition of limestone to the coal feed,

- , The flue gases require only particulate removal,
, ]he fluid-like motion of the solids in the combustion chamber promotes turbulent mixing ttlat Improves combustion efficiency

and the capture of sulfur dioxide,
. The superior mixing also permits combustion at substantially lower and more evenly distributed temperatures, thus reducing

= formation of nitrogen oxides.
- , Combustion occurs at temperatures below the ash melting point so that solids accumulation and boiler tube erosion and

corrosion are minimized,
• Since it is relatively non-sensitive to feedstock, ali types of coals or coal wastes can be used,
, The waste generated is a dry, benign solid that can be disposed of easily or usefully employed (e,g,, as material for road or

- building construction),

What Repowering Potential Does AFBC Have ForTargeted Plants?
An example of AFBC Utility repowering is the Northern 'States Power project at its Black Dog Station, The existing 85 MW
pulverized coal boiler was upgraded to 125 MW with a bubbling bed design AFBC boiler, lt began operation in the fall of

- 1986, This project has resulted in a considerable reduction of SO2 and NOx emissions and has realized an extremely
_ favorable economic advantage,

Since any type or size of boiler can be repowered by AFBC using the existing plant area, coal and waste handling equipment,
= and steam turbine equipment, the lile of the plant can be extended. Although the initial cost may be high, there are no net

- incremental operating cost_,;,mlike a scrubber, AFBC efficiency is not degraded by parasitic losses. In many cases (e.g,,
: where the capacity of the boiler has b'een reduced because oi aging, or the turbine generator has greater capacity than the

boiler, or both), AFBC can be used to repower an existing boiler and, in addition to controlling SO2 and NOx emissions, can

increase lhe boiler's capacity. [he cost oi co.irui'_ iu _igrd{icar_y' ,,_uu,._,,.",_.,,.,_,._.._"........ ,.,__',,,,,....._,_1''-of the innro_,_t............ ennnrt.ltv,_, . ._J

4

=
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APPENDIX C

MAJOR U.S. COMPANIES DOING BUSINESS IN THAILAND

Ahrens Grimm-Carrier Hughes AircraftService
American Internatlona]Assurance IBM

AT&T Kodak

AT&T Micro Electronics Mobil
Bank of America NationalSemiconductor

Burns & Roe. Northwest Airlines

Colgate-Palmolive Phelps Dodge
DuPont Texas Pacific
Exxon 3M

Flrestone Transpo International

General Telephone Directory Union Carbide

Company United Airlines
Goodyear Varel Manufacturing
H}Iton

HMC Polymers Company --plus most Fortune 500 Companies
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