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PREFACE

In response to a request from the Governmgnt of the Kingdem of
Thailand, the Government of Japan decided to conduct a feasibility study
on Sin Pun A-FBC {Atmosphere - Fluidized Bed Combustion) Coal-Fired
Thermal Power Development Project and entrusted the study to the Japan
Internatiocnal Cooperation Agency (JICA).

JICA senf.to Thailand a study team headed by Mr.Hiroshi Isaka of
Electric Power Development {ompany Ltd. 5 times during the period from
Harch 1991 fo September 1392.

The team held diécussions on the project with officials concern of
the Govefnment of Thailand, and conducted field surveys at the study area.
After the team returned to Japén. further studies were made and the
present repoft_was prepared.

1 hope‘fhat this fepurt will contribute to the promotion of the
project and to the enhancement of friendly relations between our tﬁn
countries.

| I ﬁish to express my sincere appreciation to the officials concerned
of the Government of the Kingdoﬁ of Thailand for their close cooperation

extended to the-teah}

November 1892

</

Kensuke Yanagiya

&MM N é/m@ib/&.__
3 / o/

President

Japan Internationai Cooperation Agency


















MYANMER o,

e

\

LAGS
N
{

. THAILAND

AN BANGKOK _,».N.}
i KAMPUCHEA

T S
s e
0

Khlobg
TN apITRE:
3 A

7

i

S_:ﬁ Bani Saa ..
BRI LESE
. Binth

Kiang
s

" Xrabd ot -
. $1ungziidis Py

Ban Klsng B Na Ghong
"1?1un:zq Fiuvane:
. t Ty

3
0
Ran Thung
IR
Nam'sg

N '{.;3"]

kY

0 NA DAER
AT







puod Ysy Bupsixg woij MOIA 1 SHS Iqes]







(Und UIg Wol} W omv
Buog Bunyy ur AI00e4 uswWan

BajE UNd UIS Ul Alleny) auolsawlT







' Krabi Lignite Mine

Krabi Power Station






4 GAPALEY Pt and
Supari bR VA s
Do esrrY RAYD BasT

;n..m-.n“,vn

P
£

\

el

snrmayid g {0

YER X
1A aaxanam 2t
xri ;
L LR
baiady Y e
ATUFIAEYA 3 TRACHIN wms 4
i 2

AUAUST 129§

INFORMAYION QLVISION PU.BI.ICF\EMTTC“S DEPARTMENT







(ase) @1tubLT Lgesy + und ULS)
sweyss buljedsusy 084-¥ und ULS Jo oue|eg jeLdegey

UmD OGL'EZ  SEIA GF
qu5 038 [enuLY
~ pug surpusg

YMo G0 Jenuty peOT 3snoy

UgD 0G0 ‘1 [BRuwy
uoL3BL3UDY

Bdd o0z  wdd Q0L

w01 000 ‘007 1 07 060'000°GT  SABRh &7 ueyj, $S9T UGy SSa Ajisusqg

07 Q00 ‘98 U0l (00 ‘008 [enuuy tueld 04—V
[BACEAY INI{Og ysy 1210} ysy _ N X0S
..BEm LX7% sen @nij
N | _ |
©03 DG "00S ‘T > s4®el gg Ue} 000 000 ‘sz Siead g7 103 000 ‘000 ‘0T S4B24 g
U0l 000 00T > jenuny el 000 000 1 [enegy - B0 000 ‘00¥ jenany

JI1RM mBY tang T [U0ISINL






E 507, 000

N B8B83, 500
N 882, 500

R ey A

LEGEND

No. Facility
Stack

Turbine House
Switch Yard

Lignite Storoge Yard

Limestone Storage Yard

_E 506, 500 E 506,500

Storehouse

Office
PR Building

Waste Water Treatment
C.W Intake
C.wW Pump Pit

NB82.900

Inlet Pipe
Cutiet Pipe
Qutiet Pit

CREERECEREEREEIELEE

Discharge Channel

£ 506,000

| 13
| G F s
- Wone e
Yo L
|17 on {\
E’\ i
Existing Krg)bi DD 1
LF’ower Eiqn}\rJ g > £ 506,000

1@ 1l

0 250m
! i I 1 I |

SIN PUN A~FBC COAL- FIRED
THERMAL POWER DEVELOPMENT PRQJECT

sl B
Lo ]
| oy

N 884,000

GENERAL PLAN







CONTENTS

Page
Summary
Conclusion and Recommendation
Chaptetr 1 Introduction
1.1 Gemeral . . . v 4 s 4 s e e e e e e e e e e 1.1
1.2 Objective and Scope of the Study . . . . . . . . . . . 1i-3
1.3 General Situation of the Kingdom of Thailand . . . . . 1 -4
1.4 Related Organization . . . . . . . . . ... .. ... 11l
Chapter 2 Background of the Project
2.1 -Current Economic Situation and National Economic and
- Social Development Plan . . . . . « « . . 4 . .0 . 2 -1
2?2' Development Plans in the Southern Regions of Thailand . 2 - 19
2.3 Energy Policy . . ¢ v © v v v v b v v e e e e e e e . 2 - 286
2.4 Environmental Regulation . ... . . . « . . .« « o . .. 2 -3
Chapter 3 Demand Forecast
3.1 Demand Forecast in Whole Thailand . . . . . . . . . . . 3 -1

3.2 Demand Forecast for Region III e s 4 e e s e 4w s e 3 - 13
- 3.3 Optimum Power Developing Plan for Region IIT . . . . . 3 - 18

Chapter 4 Site Selection
4;1 Genersal . D R T T S S S 4 - 1
4.2 Selection of Plant Scale T 4 - 1

4.3 Evalﬁatiou of Candidate Site of Power Plant . . . . . . b - 5

Chapter 5 Outline and Development Effeét of Coal-fired Thermal Power Plant
5.1 Outline . . . . . . . . ¢ o v oo v v v v v o v e v 531
- 3.2 Development Effect . . . . . .+ + v+ v v v 0 v v v . 5-2

Chapter 6 Prelimiﬁarj Power Station Laypﬁt
6.1 - General v e e e e e e e 4 e e e e e e e

6.2 Sin Pun Coal Field e s s e e e b e e e e e e a e e 6 - 3



Chapter 7
7.1 _
7.2 Present Status of the Thai Cement Producing Industry

7.3

Chapter 8 Bench Scale Combustion Test

8.1

8.2

8.3
8.4
8.5
. 8.6
8.7

Chapter 9 Pilot Scale Combustion Test
9.
9.

Chapter
10.1
10.2
iO.3

Chapter
11.1
11.2

-11.3

9
9
9.
9

1
2

3
4
5
6

Krabi Coal Mine . .
Mining Plan . e
Economic Evaluation

Conclusion . . . .

Limestone Procurement

Thai Limestone Mine Status

Power Plant Limestone Procurement

General . . . . . .

Test ITtems and Schedule
Lignite and Limestone Analysis

Combustion Test Facility

Test Result . . . .

»

°

Evaluation of the Results

.

»

+

*

.

.

[

-

Summary and Problems to be Solved

General . .. . .

Test Facility ..

Chemical Analysis of Lignite and Limestone

Test Lignite and Limestone Size Distribution

Test Result . . . .

Evaluation of Result

General e e

Evaluatibnrof Effects on Environment

Enviyonmental Monitoring

General e e
Design Condition

Schedule of Power Plant

»

+

.

10 Environmental Evaluation

.

11 Feasibility Grade Design

a

+

.

ii

-

.

»

»

.

*

.

.

Y

-

2

.

.

-

-

-

w M o W o o

Page

= S = S < W«

10
10

10

11
11
11

-

43
65
72
82

27
27
66
93 -

25
32
36
87

i3

28



1i.4 Power Plant Layout ., . . & + v v & + s 4 » o + + = + » 11 - 52
11.5 Lignite and Limestone Preparation System . . , . . . . 11 - 61
11.6. 04l Storage Tank . . + . + + & & « 4 « v o 2 + o+ « 11 - 84
11.7 Raw Water Supply . . e e e e e e e e e 11 - 86
11.8 FBC Boiler System Y -

11.9 Steam Turbime . . . . . . . 4 v 4 0 s 4 e e e w e .. 11 - 103
11.10 Cooling Water SYSEEM .+ v v ¢ o v ¢« v v o o oy w00 o 11« 107
11.11 Blectrical Facilities e e e e e e e e e e e e e e e 11 - 125
11.12 Ash Handling System T & B €
11.13 Power House e e e e e e e e e s e e s e e e e e e 11 - 164
11.14 Stack e e e e e e e e e e e e e e e e e e s i1 - 171
11.15 Ancillary Building. . . . . . . & . o e 4 e e w4 s . . 11 - 172

11.16 Environmental Equipment O O R &
11.17 Transmission Line Planning . . . . . . . + .+ « . . . o 11 - 187

Chaptey 12  Construction Schedules and Cost
12.1  Counstruction Schedule T & A
12.2 Construction Cost R A

Chapter 13 Economic and Financial Evaluation

13.1 Economic Evaluatiol . . « + « « « 4 & 4 = 2 « « + 2+« 13 -1

13.2 Financial Evaluation . . . « . ¢ « o ¢ « o ¢« o v 4 o s 13 - 17
13.3 Overall Evaluation .« « + + v v v o o o e e e a . .. 13 - 21
~ Appendix

I. Study on Capacity of Bang Kam Prat Water
Supply Facilities . . . . . . . + v 4 v v v v o e e v A-1
IT. Thermal'Anaiysis Method . . . « . v ¢« « o s v o« o = o s A - 16
IIT. Photo . .« & v v v v v e v v b e e e e e e e e e e e A~ 20
v, Correspondence e e e e e e e e ... e e e A - 39
A - 40

v. ‘Calculation on Influence of Thermal Effluent e v e .

iii






(1)

Units

kVA

MVA

MCM

rpm

Hz

ELl.

°c

mb

4

Lu

?

1 MW

1 GWh
1 harrel

1 rai

A

-

-

-

.

-

o

UNITS AND GLOSSARIES

Millimeter

Centimeter

Meter

Kilometer

Square centimeter

Square meter

Square kilometer

Cubic meter

Million cubic meter {for development planning)
Kilogram

Metric ton

Cubic meter per second
Kilowatt

Kilowatt hour

Megavati

Gigawatt hour

Kilovolt

Kilovolt-Ampere
Megavolt-Ampere

Thousﬁnds of circular mils {(for transmission line)
Revolutions per minutes
Hertz (cycles per second)

Elevation

:  Degree in centigrade

o

Y

-

Millibar

.Percenﬁage

Lugeon value (;ate of water loss from a drillhole)
Liter

1,000 kv

1,000,000 k¥Wh

159 ¢

1,600 m?



(2)

gal
kine H

-

Glossaries
(1}  Terms

NHWL
LWL
TWL
Us$

b
hrs
yr
ea.
Max.
Min.
cct
a.c.
ACSR
ASTM

em/sec? (acceleration of earthquake motion)

cmfsec

-

e

e

[

-

Normal High Water Level
Low Water Level
Tail Water Level
U.5. dollar
Baht

Million Baht
Hours

Yearr

Each

Maximﬁm '
Minimum

Circuit

: Alternative current

-

e

LT3

”»

Y

-

.

Aluminum Conductor Steel Reinforced
Ameriban Standard for Testing and Materials
Catchment Area

Fiscal Year

Gross Domestic Product

Body Wave Magnitude

Surface Wave Magnitude

Internal Rate of Return

Equalizing Discount Rate

Probable Maximum Flood

Probable Méiimum Precipitation

Net Present Value of Surplus Benefit

Benefit Cost Ratio



(ii) Agenciles

AIT : Asian Institute of Technology

EGAT t Electricity Génerating Authority of Thailand
EPDC : Electric Power Development Co., Ltd.

JICA + Japan International Cooperation Agency

MEA : Metropolitan Electricity Authority

NEA :, National Energy Administration
NEPO : MNatiopal Energy Policy Office
NESDB : National Economic and Social Development Board

NIDA : National Institute of Development Administration

OPEC : Organization of Petroleum Exporting Countries

PEA ¢ Provincial Electricity Authority

RID ¢ Royal Irrigation Department

TDRI ¢+ Thailand Development Research Institute

- IBRD ¢+ International Bank for Reconsttuction and Development






Summary






Summary

This report is the feasibility study on $in Pun A-FBC Coal Fired Thermal Power
Development Project in Thailand carried out by JICA on the technical

corporations by the Japanese government.

This report is submitted to the Thai government and the Electricity Generating
Authority of Thailand (EGAT) through the Ministry of Foreign Affairs in Japan.

The feasibility study result is summarized as follows;

_'(1) Characteristics of Project

Sin. Pun A-FBC Coal-Fired Thermal Power Development Project has a
characteristics for the environmental protected power development plan by the
atmospherlc fluidized bed boiler with using the high sulfur low heat valve

lignite in Sin Pun on Scuthern Thailand.

Since Sin Pun Ligﬂite involves high sulfur content up to 77 and has low heat
value, the flue gas emits the S50, with the density up to 10,000 ppm.
.Furthermore, the project can not be expected the scale merit on the equipment
because the economical mining resources reserves 26 million tons in Sin Pun
mine and 5 million tons in Krabi mine only and these amounts are just enough

for the generation plant 2 x 75 MW .scale.

However, since the lignite is a prominent resources in:Southern Thailand as
mentioned.above and the Krabi power station (3 x 20 MW) would retire 1995, the
alternate power.source is required in these area using Sin Pun and Krabi
lignite. It is alsc required to develop the generation plant as early as
possible with keeping the natural resources because the site is located nearby
the Krabi terminal which is the center of developing area in the southern
_Thalland, and also nearby the resort area such as the Phuket island and Krabi,
VFurthermore Thalland are going to set the emission regulation on the major
air polluteq 1tems_such as 50, and NO, (50, 700 ppm, HO, 1,000 mgle in
Southern’ Th#iland§! sd that the environmental protected power plant is

inevitably necessary.

-1 -



Tn Thailand, the labour wages are increased rapidly and consequently, rase up

the mine development cost which is occupied with the large amount by the labor

cost, so that the early mining development s required.

These mining and power plant development will also contributes to accelerate

the economic development in this area.

(2)

1)

2

Optimum Power Developing Plan
Eiectric' Power Demand in Thailand

In addition to the favorable economy and rapid indhstrialization in
Thailand, the electric power situation, as mentioned above, has

recently shown wide increases due to inroads of foreign enterprises.

Whole the power géneration capacity of Southern Thailéﬁd'(Regibn'B) is
610 MW as of 1991. It consists of 312 MW by hydraulic gereration,
214 MW by thermal generation, and 84 MW by gashtﬁrbine.

'The peak demand and generated energy of this district in 1991 reached

608 MW, and -3,922 GWh reépéciively'and'there is ‘no reserve power at
this moment. Furthermore, the generated energy was short more than

1,000 GWh in this yearf

Even though the grid system in this fegion is connected to the whole

' Tai system, the trunk iﬁtérconnéct_line is 500 Km and it is'préféféble

to ballance the demand and supply in this'region for thé'less loés bf

transmission line and the better operating management.

QOptimum Power Developing Plan for Region HI

In order to prepare the optimum power developing planning,'EGAT has
already introduced the least costrdeveloping planning program paékage}
This software package also provides developing schemes which can
provide adequate system reliability correspohding with the target ﬁaiué_'

given by a planner.



JICA Team simulate the power system of the assumption that the power
system consists of two power network, one is the Region III and another

one is the main power grid including Region I of greater Bangkok and

resulted for the most economical commissioning date to be 1998,

. However, taking into account. of the constant power flow from the

@

central Thai to the region 1II, it is preferable to implement this
project as soon as possible. From this point, it is judged that the

optimum commissioning date of the project is 1997 as earliest case.

Site Selection

Following points are considered in feasibility study of candidate sites for

2 x 75 MW A-FBC coal-fired power plant which are economical gemerating scale

for the mining and generation.

V)
. vii)
viii)

i)

Area should have good topographical and geological condition.
Area should be available the coal and limestone with reasonable cost.
Cooling water and fresh water must be available in vicinity.

Sufficient area should be available with reasonable cost and easy to

acquire.

Area must be available for large volume of ash disposal in vicinity.
Transmission line route should be selected with minimum cost.

Area must_be_cohvenient for securing labors, equipment and materials.
Area must have minimum environmental problems.

Area must be easy to transport large scale equipment with reasonable

cost,

The evaluation applies the net present value with discount rate of 10Z.

Evaluation result of the study team is summarized as follows;

+ The land reclamatiOH‘does not make the big cost difference among those

‘candidate sites since there are no big difference on the topographic

condition and geblogical condition between Sin Pun sites and Krabi site,

¢ The highway routes also run around the candidate gites in vicinity and

there are no big cost difference among those sites for the construction of

the access road.



The cost difference for the lignite transportation is prominently big among
two Sin Pun sites and Krabi site because of the long travel of the Sin Pun
coal to Krabi site,. The caét_dalculation'is assumed that 20 million tons
of lignite are travelling from Sin Pun mine to Krabi site and 5 million
tons of them comes from Krabi mine for the site No. &4, This cost

difference is only negative to the site No. 4.

The cost difference of the limestone procurement comes from the travelling
cost and the difference of required amount of limestone since the sulfur
content of Krabi lignite is lower than that of Sin Pun lignite. The impact
of the cost difference for the transportation is not big bﬁt_ihe cost

difference due to the different amount is relatively big.

The cost difference of the cooling water éuﬁply.system and operation is
relatively big hecause of the different system. The Sin Pun_éites.apply
the cooling tower system due to the shértage of cooling water for the one
through cooling systém while the Krabi site applies the one-through cooling
system from the Phakasai River. Main reason of the cost difference is due
to the difference of the power consumption‘of each -system and the cooling

tower installation cost.

The cast difference of the aSh*&isgosal'is due to the sheeflpile.bééaﬁse
Sin Pun sites request the sheet pile for the ash disposal area to prevent
an environmental pollution of ground water, while Kfabi'site does not
request the sheet pile because none of residents utilize the well water as
their drinking water. The impact of this cost difference is relatively

big.

The cost difference of transmission line and switch yard cost is'éoﬁiﬂg
from the cost difference of transmission line Between Sin Puﬂ Sites and the
existing network system. Since there is no transmission line ruﬁhiﬂg above
Sin Pun sites, the new sets of tramsmission line are réquested for the
power transmission of 150 MW 2% ?S'MWi.: On the other side; Krabi site
does not request the new set of the'Eransmiséioﬁ'1iﬁeéibecahse.of.the'
utilization of the existing lines. The impact of this cost difference is

relatively big.



The cost difference of the equipment transportation is due to the inland

transportation for Sin Pun sites. The impact of this cost difference is

‘not big.

As
3z

There are no cost difference on the environmental mitigations because the

same emission level is applied to each site.

The land acquisition of Krabi site is not a problem because the site is
located in the existing power station while Sin Pun site has no view on the

land acquisition for the power station,
The accommodation facilities for the staff in the power station are
available in Krabi site with using the existing Krabi power station while

the accommodation facilities have to be prepared in Sin Pun site.

a whole, there are small cost benefit on Krabi site within the amount of

of the investment as shown in below. In addition to the above cost

benefit, Krabi site is selected by EGAT because of the following reasons.

(1)

(2)

(@

8in Pun site has unforeseen difficulty and no programmed schedule of
the land scquisition, while the Krabi site has land already in the

existing power station.

The water pollution in the ash disposal area may effect to the drinking

water of the well with the long term period at Sin Pun site.

MR

No.2 (Sin Pun} [ No.3 (Sin Pun) No.4 (Erabi)

‘Cost difference
at 1992
Discount Rate
162

+149 +191 Base

Mining Development

JICA tegm_étudied three documénts prepared by EGAT. Based on those EGAT

studies, JICA team has set up and evaluated the mine development plan. The

conception of the plan is interpreted:by-the fact that 800 thousand tons of

-5 -



lignite from Sin Pun area and 200 thousand tons of the lignite from Krabi area

are supplied yearly to the A-FBC 150MW power plant,

The conclusion is as follows:

1)

2)

3)

%)

5)

6)

7)

The basins of Sin Pun and Krabi have enough reserves of lignité to

supply to the A-FBC 150MW power plant for 25 years.

The quality of the lignite is not so 'stable. ~ Considering the
characteristics of the FBC boiler, the quality variation in the run-of-

mine product will be acceptable. - However a blending system is recom-

-mended for minimizing the quality variation because the lignite is

usually supplied from three deposits: two pits in Sin Pun and one in

Krabi.

EGAT used computers for the purpose of analyzing the geological data in
detail to study economic and .technical matters and selected three

economic 'deposits (Bang Sai, North Khuan Klang and South Klang Klang)

among the five deposits in the Sin Pun Basin. JICA team reviewed the

study of EGAT and confirmed its éuitability.

JICA team recommended the most rational 'and economic mining sequence

for supplying lignite to the 150 MW power plant. This recommendation

- hag been accepted by EGAT.

Gonsidering the geological condition, special mining methods or huge

. mining equipment are not necessary. A shovel and truck operation is

the recommendable mining ‘method in most of $Sin Pun Area. ~ From a
viewpoint of the hydrogeological study, the planned dewatering

activities prior-to'mining are presumed to be effective.

Criteria used for the mining plan are based on the experience of EGAT

and regarded as realistic.

In this Economic evaluation based on the 15% of contingenby:and 10% of
discount rate, Levelized Unit Cost is eStimated abbui'US$20 per1t6n
while Average Cost is about US$18 per ton. -~ As Operation Cost is
calculated for the lengthy pefiod of 25 years, Levelized Unit Cost will

be astringeht to the certain figure (US520). Economic Ratio is lower



than US§10 per Geal., These evaluations are carried out with estimated

parameters for 150 MW on the basis of the 100 MW case.

{(5) Limestone Market

Thailand is everywhere affluent in limestone. Especially around the planned

plant site are many limestone quarry candidates.

In 1990, the total annual production of limestone in Thailand was about 19
million tons. Cement plants concentrate in the central area of Thailand
because of the large demand for cement there, gnd 1.6 million tons of cement,

slightly meore than 8% of total production, is produced in the southern area.

The projected 2 x 75 MW class FBC boiler will consume limestone at the rate
“of 0.4 million tons/year, the limestone market will go through some problem
times-inrthe Southern Thailand and users will suffer from price appreciation
and the imposition of severer purchase terms. It is recommended that new
1iméstpne mines exclusively intended for producing desulfurizer be developed

near the planned plant site.

The limestone price is considered 145 Baht/t with the raw material as the
marketiprice_involying the transportation cost, and it is estimated that the
course limestbﬂe (3 mm under.particle size) for the bubbling type A-FBC is
cost about half price of the fine limestone (325 mesh: 40 pm) for the wet

type desulfurized facilities.
{8) Combhustion Test Result
$in Pun and Krabi lignite have a particular of the high sulfur content 15

times per heat value compared with the coal utilized in the imported coal

fired power plant in Japan as shown in the folloﬁing table.



. - | Imported coal in
Sin Pun lignite | Krabi Lignite | Japan applied by
Utility
Heat Value .
(LHV: koal/kg) 2787 1600 around 6000
Moisture Content (Z) 32.7 26.1 around 10
Ash Content (2) 21,1 36.4 around 10 .
Sulfur Content () 7.0 1.8 " around 1
Fuel Ratio 0.34 0.43 around 2

The limestone nearby Sin Pun area has high purify up to 90% of the 1iﬁe; The
reduction ratio, which indicates the particle size reserﬁing of the 1imesfone
in the fiuidized bed and is a key indication for the buﬁbling type fiuidized
bed combustion, is .in ‘the applicable rahge_ expefienced during the
demonstration test in Japan, and consequently is. judged suitable as ﬁhe
desulfurizer for the bubbling type fluidized combustion., Furthermore, since
the decarbonized temperature; over which the limestone transfers to the quick
lime with the decarbonization, is“low as 750°C, it is recognized by the sample
" analysis that Thailand limestone has high activation as the desulfurizer in

the fluidized bed.

The combustion test was carried’ out with' two stages using two brands of

lignite and the limestones acquired nearby Sin Pun,



Test ) Purpose

Bench scale combustion test Test furnace: Diameter 100 mm

Height 2 m

Combustion characteristics is
grasped under the various operating
conditions with using the small
amount of the lignite and
limestone,

Pilot scale combustioﬁ test Tegt furnace: - Surface 500 mm x
500 mm
Height 7m

The combustion furnace is simulated
with the actual boiler and can
combust the actual particle size of
lignites and limestone.

Based on the combustion
characteristics, the F/§ level
design is carried out and the data
for the economical analysis is
obtained.

From the above two combustion tests, the confirmed items are as follows;

1) Environmental Characteristics

{a}

Desul

(1)

(iiy

(iidi)

furization Performance

The suitable operating”conditiohs for the desulfurization
of Sin Pun, Krabi lignite in the fluidized combustion is
within the operating range confirmed.by the demonstration
test in Japan. (Fluidized Bed Temperature 830 or 850°C,
Spaée Véiocity 1.5 ~ 2.0 ﬁls, Air Ratio above 1.2)

ﬁéSulfurized efficiency was increased .b& applying the
recycle system of the fly ash, and could achieve 947 with
the calcium-sulfur mﬁlar ratio 2 (Caf5 molar ratio 2).
_This achieves 600 ppm emission which is below the Thailand

proposed regulation 700 ppm.

307 of unreacted desulfurizer is involved'iﬁ the ash from

the atmospheric fluidized bed boiler ‘and could be utilized

-9 -



(b}

as the desulfurizer again for the future develoﬁment of the
emission regulation. In Japan, there are two kind of the

desulfurized system applying the desulfurizer with the ash.

The one is the simﬁlified desulfurized system usihg the bag
filter and the other is the spray dryer Systém. The
demonstfation test results of the above could be reflected
on this project for the future development of the
environmental regulation in Thailand with the detail

economical evaluation.
N0, Emission Performance

(i) The bubbling type fluidized bed boiler applied Sin Pun
Krabi lignite can be operated with the NO, emission 200 ppm
under ﬁhile the Thailand proposed emission regulation is

below 1,000 mg/Nm® (500 ppm for NO,)

(ii) Even further development of the emission regulation in
future, the additional facilities are not requested in
terms of NO, emission, therefore the boiler is economical

design'for the NO, emission.

2} Combustion Characteristics

(aj

Fludized Characteristics

The trouble of the:fluidized action by the 1umpy ash and.thé
agglomerationlbf the ash afe not recognized_during'the'tesﬁ.
Even‘thrnugﬁ the troubles of the lumpy ash shall be confirmed
with the thousands hours operatibn record, it is confirmed by the
non;agglomeration_during the test period that the troubles are

avoided by extracting the fluidized bed ash continuously.

- 10 -



(b}

Combustion Efficiency

(1)

(11)

(iii}

887 over combustion efficiency was confirmed even applying

the simplified fuel feeding method i,e. the lignite

spreader.

The combustion - efficiency 99 -~ 99.5% is achieved by

applying the ash recycle system.

It is confirmed that the economical boiler can be designed

‘because of the high combustion efficiency more than 997 and

the non-necessity of the additional facilities for the
combustion efficiency such as the unburn carbon burn up

cell.

3) Material Balance

4)

(a)

(b)

The over flow bed material is amounted up to 45% of the total ash
with the condition of the limestone particle size 3 mm under and

CafS molar ratio 2.

It is confirmed under the ash recycle condition that the over

flow bed material can be reduced by applying the small particle

of the limestone which alsb'increase the desulfurized-efficiency.

Cther Particular

The bag filter is ﬁpplied_for the second stage dust collector. It is

confirmed that the emission value of 50, was reduced up to about 100 ppm

at ‘the outlet of the bag filter. It is assumed that the unreacted

desulfuriéer collected in the bég af the bag‘filter captures the 50, in

the low velocity flue gas.

It is recommendable to proceed the detail design by getting the test

result of the simplified desulfurized equipment using the bag filter

which is carried out in Japan.
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{7 Environmental Prediciion

The environmental prediction for the ambient air was carried out on 350,
and NO, which are major jssues for the generation plan. From the
prediction, the maximum ground level density (24 hours value) for $0,

is 128 pg/m® and that (1 hour value) for NO, is 83 ng fm?.

2 x 75 MW A-FBG ‘Thailand Proposed

Ttem Emission Condition Emission Regulation

700 ppm under

1. 80, emission :
{(Bangkok 400 ppm below)

285 glsec (667'ppﬁ).

2. NO, emigsion 113.8 glsec" 1,000 mg/Nm® undéf
{350 ppm NO '} (NO conversion 750 ppm
conversion) NO, conversion 500 ppm)
3. Stack hight 80 m
4, Flue gas 130°C
temperature
5. Flue gas
velocity _ 27.3 m/Sec

6. Diameter of

. 2.5 m
inner stack .

7. Diameter of

common stack 3.54 m

'As shown in the table below, the prediction value for the Sin Pun generation

projeét is far below to the proposed regulation in Thailand

2 x 75 MW Environmental ‘Thailand Proposed |
"Prediction _ Emigsion Regulation
S0, 24 hours regulation 128 pgfm ' 300 ﬁglm3
N0, 1 hour reguiatioﬁ 83 pglm’ _ ‘ 320'pg!u9_

Furthermore, since the other envirconmental issues are also cleared as showm

in below, the project is feasible environmentally also.

» Waste Water Waste water treatment facility is installed in -
from Power Station the project and restricted the waste water
from the power station within the standard

value,

- 12 .



+ Penetration of Waste

Water in the Ash Disposal

Area

s+ Coal Dust

{8)

1)

.The existing mining pit is used as the ash

‘disposal area. The area is located in the

existing power station and no inhabitant is
living the area. There are no pollution
problem occurred in future due to the water

penetration to the well water.

The lignite from Sin Pun is transported to
Krabi by 30 trucks 4 cycle with the distance
66 km.

Since the loading trucks are passing every 8
minutes, the coal dust pollution may be
considered. Therefore, the truck shall eqﬁip
the cover door on the cargo and transporf the
iignite after water spreading to the lignite

for the prevention of flying powder lignite.

Qutline of Optimum Development Plan

Basic ltems
The following items are

Generator Qutput

Boiler Type

Annual Load Factor

" Life Time

applied for the design.

t 2 x 75 MW
Atmospheric Bubbling Type Fluidized Bed
Combustion Boiler

+ 80X

1 25 years

Annual Mean Heat Rate (L.H.V.):

Main Steam Pressure
Steam Temperature

Flue Gas

2,365kcal [kWh (36.41)
(Bo. Eff. 91.7% x Tb Eff. 41.57 x Ge Eff.
98.57)x0.97
: 127 kglem? g
: 538 °G/538 °C
:  S0x 700ppm, NOx 1,000mg/Nm’
Dust 500mg /Nm®

Limestone Consumption (Ca/$S Mol Ratio): 2.0

- 13 -



2)

Lignite

Heat Value (LHV) (kcal/kg)

Total Moistdre (%)
Ash Content (%)

Sulfur Gontent (%)
Lignite Consumption

Limestone Consumption

Ash Generation

‘Schedule

Sea Water Temp.
Ambient Temp.
Wind Vélocity Max.

Lateral Force

Quiline of Scheme

It is confirmed by the combustion test that the atomospheric bubbling
type fluidized bed boiler can conbust the Thailand Sin Pun lignite with
the high efficiency and can be designed with the compact and economical
boiler. It is also confirmed that the environmental characteristics of
In the

Sin Pumt Lipnite

2,795
32.7
21.1

7.0
1,000,000 ton/year

(5in Pun 4, Krabi 1)
400,000 t/year
600,000 t/year

1996 12
1997 6

32 °C

34 °C (Max)
30 mfs
V=0.07 ¥

this boiler is well friendly in terms of 50,, NO, and so on.

study, it is confirmed that the bubbling type A-FEBEC can_be designed

Rrabi Lignite

1,600
26.1
36.4

1.8

Unit 1 Commissioning

Unit 2 Commissioning

27°C (Mean Value)

most economical boiler compared with the other type of boiler.
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Bubling A-FBC loiler . Conyentiopal Lienite Bofier Circulating FAC Boiler
Qutline of 75 MW Boller
Land Preparation
(1) Site Area
Plant yard 8 : H 10 ha
Pump pit and discharge channel : 3 ha
Ash disposal area No. 1 area : 49 ha
No. 2 ares : 37 ha
Total : 99 ha
{2} Site Format Level : DL. +7.00 m
(3) Land Preparation Work ' . Excavation approx. 300,000 m®
o ' ' : ° Filling approx. 20,000 m’

o= 15 -



Lignite and Limestone Preparation System

(1) Lignite Recelving Facility i) Lignite Receiving Hopper
. 2) Lignite Recelving Conveyor
No. 1 Conveyor (BCl) : 300 TIH
No. 2 Conveyor (BC2) : 300 T/H
No. 3 Conveyor (BC3) : 300 T/H
No. 4 Conveyor (BC4) : 300 T/H

{2) Lignite Dispatching

Facility 15 Lipnite Dispatching Hopper
2} Lignite Dispatching
Feeder : 300 T/H
3) Lignite Dispatching-Conveyor
No. 5 Conveyor (BCS) 300_?13
No. 6 Conveyor (BG6) : 300 T/H

(3) Limestone Receiving Facility E
' 1) Limeétbne‘Receiving Hopper
2} Limestomne Reeei&ing Conveyor
No. 1 Conveyor (LBCL) : 150 T/H
No. 2 Conveyor (LBCZ) : 150 T/H
No. 3 Conveyor (LBC3) : 150 T/H
(4) Limestone Dispatching ' '
Facility 1) Limestone Dispatching Hoppef
2) Limestone Dispatching .
Fgéder : iSO T/H
3) Limestone Dispatching Conveyor

No. 4 Conveyor (LBC4) : 150 T/H

fS) Lignite Limestone Crushing _ L o ]
Facility 1) Lignite.Buéket Ele#ator'z 360-TIH
2) Lignite Distfibution Hopper
3) Lignite Feeder : 150 T/H
4) Lignite Crusher . Double Roll
' . Type
_ : 150 T/H x 2
" 5) Lignite Conveyor _ .
(LLBCL) ¢ 300 T/H
6) Limestone Bucket

Conveyor : 150 T/H
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7} Limestone Crusher : Hammer

Crusher Type

1 75 T\H x 2
8) Limestone Conveyor
(LLBC2) _ : 150 T/H
9) Lipnite-Limestone Conveyor
(LLBC3) : 500 T/H
10) Lignite-Limestone Bucket
Conveyor _ : 500 T/H
Oil Storage Tank : 80 m°
Raw Water Supply System
(1) Quantity : Max. 300 m*fday
(2} Water Source : R1 and R2 Reservoir
(3} Intake Pipe Line Length :+ approx. 500 m (R1)

approx. 1,500 m {R2)

(4) Fresh Water Tank : 1,000 m?
(5} Demineralized Water Tank 1 500 m?
(6) Demineralization Plant : 24 m*/hr

FBC Boiler {(Per Unit of 75 MW)

(1) Boiler - 1) Furnace .. : Membrane structure
Width : 15 m, Depth : 12 m,
Height: 15 m

- Lignite Feeding SystemOver spreading system

Draft System : Balance Draft System
Desulfurized'Material i Limestone
‘Height of Bed : 1.2 m

- 17 =



2)

3}

4)

3)

6)

7)

1)

Z)

3)

Bed Load .
Heat Exchanger Tube

Boiler Auxiliary
Drum

Super Heater Spray
Re-Heater Spray

.
3

+
+

1.2 x 10% kcal/m?h
Economizer, Evaporator, Super,

Hater, Re-Heater

Bailer Circulation Pump: 400 tih

Safety Valves and Silencer

Drum Level Gauge

Alr Heater

Type

Air Side

Gas Side
Soot Blower Type

Continuous Blow Out

Facility

+

Rotative Régeneration Type

270,00 Nm*/h

47°C Inlet, 277°C Qutlet

310,000 Nm3/h
330°C Inlet, 130°C Outlet
Steam

Remote-Auto - Control

Atomizing Type

Flushing Tank

Steel Structure, Boiler Casing Platform and Footstep

Cast

(2) Lignite Firing Facility

Lignite Bunkere

Lignite Measuring

Lignite Spreader -

4) Auxiliary

- 18 -

150 ton/Hopper (12:hours) o

20 t/h (Ca/S Mol Ratio 4, 20%

Margin)
20 t/h x 8

Lignite ‘Shoot,  Rotary Vaive,

Screw Conveyor, Gate



(3) 0il Firing Facility
1) Hot Wind Furnace : Light 0il 2,000 kg/h, 550°C
2} Light 0il Pump : 4,000 kgih

3} Light 0il Intermediate
Tank : 20 wd

4) Strainer Piping and Valves

(4) Air-Gas Draft System

1) Ferced Draft Fun + 5,520 m*fmin at 27°C,
2,560 mmH,0
2) Induced Draft Fan : 8,510 m’/min at 130°C
' 600 mmH,0

35 ﬂind_Duct
4} Gas Duct
(5) Mechanical Cyclone Ash Collecting System
1)»Hechanical Cyclone ¢ 312,600 Nm’/h, 340°C )
2) Recycle Blower & 300 m%ﬁin, 2,650 mmH,0, 220 kW
3) M/C Ash Storage Hopper : 50 m® (3 hours)
4) Auxiliaries
Screw Conveyor

Rotary Valves

Pipes and Valves
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{(6) Bed Material Handling System
1) B.M. Extraction Valves: B8 per unit
2) B.M. Cooler

3) Auxiliaries

B.M. Shoot
(7) Bag House : 300,000 Nm’/h Dry 130°C -300 mmH,0
Inlet Dust 20 g/Nm®, Outlet Dust 0.5 g/Nm®
Difference Pressure 100 mmH,0
(8) Piping and Valves  : Main Steam Pipes, Hot Reheat Pipes, -Cold
Reheat Pipes, High Pressure Turbine Bypass
Valves, Low Pressure Turbine Bypass Valves,
Main Feed Water Pipes, Spray Pipes, Auxiliary
Steam Pipes, Blowdown Pipes, Drain Pipes,
Cooling Water Pipes, Chemical Dosing'Pipes,
Sampling Pipes, Air Pipes, Flush Tank,
Blow down Tank, Other Necessary Pipes and Valves
{9} Miscellaneous Equipment
1) Station Air Compressor : 7 kgfcmlg x 12 m®/min
2} Chemical Dosing System
3) Sampling Equipment
(10) Control and Instrumentation
1)y APC
2) Local Control System

3) Boiler Auxiliary Sequence Control

4) Boiler monitoring Syétem

. 20 -



Boiler Inspection T.V., Drum Level Monitoring T.V., 0O

Monitoring Equipment in Flue Gas, Necessary Transmitter,

Indicator and Recorder

5) Instrument Compressor

(11) Electrical

Turbine (Per unit of 75 MW)

(1) Turbine

1)

2)
3)
)
5)

6)

Steam Turbine

Type

Number
Rated Qutput 1
Rotation
Stesﬁ Condition
Main Steam
(Inlet of MSV)
Reheat Steam
(Inlet of RSV)
Number of Extraction Steam :
Turbine Efficiency
Vacuum

Cooling Water -
Main Stop valve

Reheat Sﬁop Valve

Lubricant 0il Equipment

Turning Equipment

- 2) -

7 kg{cmlp x 10 w3/ min

: Motors, Cable and Cabling,
Earthling

Tandem Reheat Regeneration
Extraction condensing Type

1

75 MW

3,000 rpm

128 kg/cm®
538°C

30 kg/cm?

538°C

"

431.52

-693 mmAg

32°C, 3Bea Water

Turbine Speed Control Equipment



(2}

(3)

7)

8)

9).

Grand Steam Pressure Control Equipment

Safety and Monitoring Facility

Turbine Supervisory Equipment

Condensing Equipment

1)

23

3)

4)

Condenser

Design Vacuum

Purity Factor

Water Velocity in Tube
Temperature Difference
Electric Cathodic Prdtectipn

Sponge Ball Cleaning Facility
Circulation Water Pump

Gondenser Pump

Condenser Booster Pump

Feed Water Heater

13

2)

3)

4)

3)

L.P. No. 1 Heater

L.P., No. 2 Heater

H.P. No. 1 Heater
H.P. NO. 2 Heater
Deareator

- 22 -

-693 mmAg

752
2.0 mfs
7°C

- 6,900 m*/h, 200 k¥

220 m3/h x 2 (1 for stand-by),
6.7 kg/cm?

220 m*/h 2 (1 for staﬁd—by)'

53 kgfs ‘Inlet 90.5°C, Outlet
128°C

53 kg/s Inlet #4.5°C, OQutlet
90.5°C

64.5 kg{s Inlet 198°C, Cutlet
238°C :

64.5  kgls Inlet 163.5°C,
Outlet 198°C

‘Resolving Oxygen under
0.005 cc/e |



{(4)

(5}

6) Make-up Pump
Boiler Feedwater Pump

1) Motor Derived Type BFP

2) BFP Motor

3)  BFP Boost up Pump

‘Miscellaneous Equipment

1) Auxiliary Cooling Water Pump

Storage 60 m*, 64.5 kgls
Inlet 128°C, Outlet 161°C

80 m*/h

250 m*/h x 2 (1 for stand-hy),
3,000 rpm

1,500 kW x 2 (1 for stand-by),
3,000 rpm

250 m¥/h x 2 (1 for stand-by},
3kg/cm?, 1,500 rpm

800 m*/h x 2 (1 for stand-by},
5¢ m, 1,500 rpm '

23 Cooling Water Cooler
3y Auxiliary Cooling Water Stand Fipe and Temperature Control Valve
&) Sailing Crane Maximum Capacity 40 ton

Cooling Water Facilities

(1)
(2)

(3

(4)

Intake Pump Pit
Inlet Pipe Line
Outlet Pipe Line

Outlet Pit-

- 23 .

4 lines x 410 m/2 units

2 lines x 150 m/2 units



{3) Discharge Channel

Electrical Facllity

(1) Generator 1)}

2)
ED]
4)
3)

6)

{(2) Transformer 1)

2)

3)

(4) Switch Yard Facility

21

Generator

Cooling Methaod
Rater t
Starter -t
Short Circuit Ratio:

Exciter :

Exciter Equipment

88.3 MVA~

11 kv

4,635 kA

SDsz, 3,000 rpm
p.f. 0.85

Air Direct Cdoling
Alr Indirect Cooling

0.45

 Brushless Exciter

Automatic Voltage Regulator -

Nutoral Grounding Resister

Electrical Interlock Eguipment

Isolated Phase Busduct (1.P.B.)

Main Transformer

House Transformer

Starting Transformer:

™

115 kV Switch

- 24 -

ONAF, 85

MVA, 115
kV/11 kv
ONAF, 10  MVA,
11 kV/6.6 KV -
ONAF, 10 MvA, 115
kV/6.6 kv

Air Circuit Breaker
800 A, 2,000 MVA,
120 kV x 6



2) 115 kV Line Switch: Air Drive L.S.
800 A, 115 kV x 18

3) C.T. : 800/5A x 3 x 100 VA x
18

4)  P.T and P.D : 110 kV/ V3, 500 VA x
18

5 Earth Switch

6) Line Arrester

7Y . Bus

{5) House Load Facility

1) = M/C Circuit Beaker: 6.6 kV A/C
2) P{C Circuit Beaker: 380 v AJC
33 C/C Circuit Beaker: 380V AjC

4) Distribution Board
5) Direct Current C/C
6) Transformer
Unit P/C Transformer
7) Direct Current Power Supply System
8) Cable and Cabling/Grounding

(6) Control and Instrumentation
1) Central Control and Supervisory Panel
'2)' Boiler Turbine Generator Control Panel
3) B.T.G Auxiliary Panel
4) Relay Panels
5) Input/Output Panels
6) 5team Turbine and Generator Control Panel
7y All Ngqessary Sensors
:8) Local Control Panels
2) _Control CVCF
10) = Control Cable and Cabling/Piping

11) Data Acquisition System (Computer)
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(7) Emergency Power . : 309 kVA

Ash Handiing System

(1) FBC. B.M. Transportation Facility: 50 T/H x 2 (Alternate Control)
(2)  FBC B.M. Ash Silo | i 600 T

(3) FBC, B.M; Transportation Biower

(&) M.C. Transportation Facility

(5) M.C. Ash Silo H 600 T
(6) Bag House Ash Transportation Facility
(7) Bag Ash Silo : 120 T

‘(8) M.C. Ash, Bég Ash Transportation Blower .

Power House Ground floor area: 2,900 m?Z, Building volume: 79,000 m?, Height:

28 m

Stack

(l)' Foundation : Reinforced concrete mat

(2) Cuter Tube ' : H Reinforced concrete
"Height: 80 m
Diameter Top: 8.0 m

Bottom: 13.0'm'
(3) Inner Tube : ;" Steel construction

Height: - 80 m
Diameter Top:' 2.5 m

Mean: 3.5 m
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Anciliary Bullding

(1)

(2)

(2)

Administration Building : Reinforced concrete construction

4 floor 4000 m?

- Warehouse : T " Reinforced concrete construction

1 floor . 2,300 m?

LLimestone storehouse : Reinforced concrete construction

1 fleor 1,500 m?

Environmental Facilities

(1

(2)

(@)

1)

Flue gas Treatment System

1) Desulfurization Syatem 1 Non {because of in-situ
~ desulfurization)
_2) Denitrization.System : Non {because of low NOx

combustion in the boiler)
Waste Water Treatment System
Capacity : 10 m*/h
Storage Capacity : 700 m3
Construction Schedule and Construction Cost

Congtruction Sch'edulé

The lignite prqduction cost is deeply depend on the salary of staffs-

and the rapid increase of the salary may cause the inflation of the

lignite production cost and consequently cause the increaseé of the

power'gener'étiqh cost. Therefore, it is preferable to implement the
project as soon as possible; Furthermore, the power demand in the
region III would over balance the stable power supply in 1997,

therefore_the commissioning of the generation plant is set as follows;
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Unit 1
Unit 2

End of Dec. 19956
End of June 1997

Since Krabi site is located in the existing power station, the lead

time 1s not requested for the land acquisition.

already considered for the environmental reservation.

This project has

With the above

reasens, the project can be implemented earlier than the other project.

2)  Construction Cost

The construction cost is based on the product in Japan. The light load

steel structure is estimated based on the local material cost to

optimize the construction cost.

The total construction cost is shown in the following table.

(Million Baht)

Foreign Local Total
Civil & Structure 145.8 910.2 1,056
Boiier 1,363 466.7 1,829.7
Turbine 1,305 318,7 - 1,623.7
Miscellaneous 547 312.9 859.9
Administration 0 380.0 380.0
Sub Total 3,360.8 2,388.5 5,749.3
- SR (5,317.3)
Import Duty 0 183 _l:183]
Sub Total 3,360.8 2,758.5 6,11?.3'
DG 515.3 454.7 '_gvd ”
TOTAL 3,876.1 3,626.2 - 6,902.3 .

Note: ( )} portion shows the subtotal without the coniingency.
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(10)

1)

Economical Analysis and Financial Analysis

Economical Analysis

(a)

(b)

(c)

The economical analysis of this project applied the alternate
equipment aproach method. The comparison is carried out between
the economical cost of this proejct (construction cost, fuel
cost, limestone cost and operation & Maintenﬁnce Cost) and the
economical cost for the alternate thermal powér plant which can
éupply: the same service with this proejct involving the

evironmental aspect.

In detail, the cost for this project is taken as the cost, and
that for the alternate thermal power station is taken as the
benefit with the qondition of the same generation, same fuel and

same emission level for the case of the lignite pulverized power

"plant and. FDG, and also with the condition of the same

generation, same emission level for the case of the oil power

plant.

The compared items are as follows;

(1) Benefit and Cost Ratio (B/C)

(2)'_ Net Present Value [or Benefit Cost difference (B-C}}

As a result, the project was found the economical feasibility as

follows;

(1) - BJC with pulverized coal fired plant 1.097 ~ 1.101
and with oil fired plant 1.088 ~ 1.135

(ii) NPV  with pulverized coal fired plant B64.84 ~ B867.484
Million Baht
with oil fired plant 789.32 ~ 1,156.06
| Million Baht
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2)

Financia} Analysis

(a)

(hy

{c)

The financial analysis is carried out with the cbmpérisdn‘Betwéen
the financial cost requested in this project and the financial
benefit come out from the electricity tariff in terms of the
financial internal rate of return and the tariff variation. As
a result, the FIRR of 10%Z is achieved:by increasing the tariff
1.74 BfkWh. ‘ '

Purthermore, by setting the repayment schedule and financing
scheme. The case study was carried out for the above conditions,

As a result, the low interest loan can lead this project to be

-more beneficial.

The Casé-study for the loan condition was carried out to meet the
current selling unit price 1.26 B/kWh. As & result, the loan
conditions of 0.255% ~ 2.322'intexést'on'the foreign currency and
651 of the domestic currency and 10% interest on 35I of the
domestic currency can achieve the above current selling unit

price. .
EGAT épplies the levelized cost method for the comparison between

the prdject and alternate scheme. With this method, this project

is found more beneficial than the alternate scheme.
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Coenclusion and Recommendation






Conclusion and Recommendation

This project is 2 x 75 MW 5in Pun fluidized bed combustion coal fired power
development ﬁroject with - the environmental. protected type generation
facilities by the fluidized bed combustion boiler using Sin Pun lignite and
Krabi lignite in the southern Thailand. The study team carried out the
feasibility study with the field survey and the combustion test using two
lignite from Sin Pun and Krabi mine, and the limestone nearby the respective
candiﬁate site. As a result, the project found the feasibility in terms of

the technical, the economical and the environmental aspects.
Conclusion

The following is the content of result.

i) The power demand and supply in Thailand is very tight because of
the rapid growth of the economy. Furthermore in Region III, the
power generaticn was.short and received the electric power from
‘the éeﬁtral Thailand with the amount of 1,000 GWh in 1991. JICA
team carried out the optimum power developing planning and
resulted that the most economical developing year of this project
is 1998. However, taking into account of that the region III
received the electric power from the central Thailand all the
time, -it is preﬁerable to start this project as soon as possible
and it is judged that the optimum date of the completion of

commissioning of the project is 1997 as earliest case.

ii) Sin Pun Lignite involves the high sulfur content and emits the
50, with the density up to 10,000 ppm which would affect strongly
on énvironmental_ resources. Therefore, the environmental

protected power plant is inevitable necessary in this project.

- iii) The existing Krabi power station which operated long term as
‘power. source in this area is scheduled to retire in 1995 and the

. alternate power plant is required in these area.

iv) - The generation output study was carried out with the case of
1 x:100 MW and 150 MW (2 x 75 MW) and found that 150 MW (2 x 75
MW) case is more economical with the total evaluation of the

generation and mining development project.



v)

The site selection is carried out among three sites, i.e. two
sites for Sin Pun area and one site in the existing Xrabi power
station. The economical comparison result among three sites
shows that there is no big difference among these sites.
However, from the unforesean cost in Sin Pun sites for the land

acquisition and the mitigation of the affection to the drinking

. water by the drain in the ash disposal ares, the site was decided

vi)

vii)

viii)

ix)

to Krabi.

The lignite resources pf Sin Pun and'Krabi is just enough for 2
x 75 MW 25 years and the more consumption of the lignite would

exceed the economical ratio of EGAT for the mining.

From‘the'combustion test using Sin Pun and Krabi lignite with the
limestone in vicinity of the site, it is confirmed the extremely
high combustion characteristics (combustion efficiency 992 above}
and environmental characteristics (desuiﬁurized efficiéncy 942

50, emission density 600 ppm,'NOx emission density 200 ppm below).
From the above points, the project is feasible technically.

Compared with the conventional wet DeSO, facility and the

‘pulverized lignite boiler using Sin Pun lignite and Krabi lignite

under the same environmental conditions, the atmospheric bubbling
type fluidized bed combustion boiler is more economical due to
the compact boiler design which can achieve the high combustion

efficiency for the lignite.

Therefore, the atmospheric fluidized boiler 1is feasible

economically aiso,

This project can be operated within the emission value of the
flue gas proposed emission regulation’ (S0, 70C ppm under, NO,
1,000 mg/Nm’ = 500 ppm NO,). - The current environmental

regulation also maintained as shown in the following table. And

_also the other environmental standard is kept within the value. -

Therefore the environmental resources are reserved. .
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2 x 75 MW Environmental Thailand Proposed
Prediction Emission Regulation
50, _
24 hours regulation 128 pg/m’ 300 pg/m’
NO, o 84 pgfm’ 320 pg/m?
1 hour regulation

x)

The construction cost is estimated based on the available

. technical design, construction method, material and product in

June 1996. The cost is based on the Japanese product cost and

the local materials and estimates the import duty and IDC. = The

-construction cost is 19.4 billion yen for the foreign portion and

xiy

xii)

3.02 billion Baht (equivalent about 15,1 billion yen), totally
34.5 billion yen.

The output of this project 2 x 75 MW is relatively small in the
grid of EGAT and does not have a scale merit. Furthermore, due
to the additional desulfurizer cost and the additicnal facility
for the environmental protection, the'financial feasibility is
achieved on the condition of the generating cost sbove 1,67
Baht fkith.

This project has several indirect benefits as shown in below.
Considering the total economical effect involving the indirect

benefits, this project shall be promoted.

» The project will promote the development of new energy sources

alternating oil.

+ The project will promote the defusion and spread of the
bubbling A-FBC technology in the south east asia since the

project- is the first unit in this area.

» The prﬁject will contribute to the development of the project

area which is located in the Krabi developing terminal.

¢ The project will contribute in increasing the quality and

reliability of the electricity supply in the region ITI.
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The project can be implemented earlier than the other project
since the site is located in the existing Krabi power station

which is scheduled to retire in 1995.

The project will save the cost related to employment by the
utilization of man power in the existing power station to the

new power station.

The project will make the image of the :ééort area such as
Krabi and Phuket better all the more because of the new

environmental facility.
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. Racommendation

Sin Pun fluidized bed combustion coal fired generation project is feasible in

technically and economically.

However,_the labour cost occupies 307 of the lignite mine developing and the
recent rapid increase of the labour cost in Thailand may induce the increase
of the lignite mine developing cost when the mine development is delayed and
consequenfly meke the generatioﬁ cost ihérease. In addition to the above
factor, the stable electric supply in southern Thailand would short for the
demand in 1997.

With the above points, the project is recommendable to start as soon as

possible.

To implement this project with the commissioning date end of 1996 for unit &,

the following items shall be undertaken.
i} To start the detail design at the end of 1992, and to prepare the
bid document and other necessary preparation work for the

construction in 1993.

ii)} To carry out the environmental monitoring and to prepare document

for the environmental assessment as soon as possible.
iii) To undertake the mining development project as soon as possible.
iv) To take care of the coal dust pollution on road caused by the

damp truck trensportation of lignite with applying the cover door

on the cargo,

-
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1. INTRODUCTION

1.1 General

Thailand’s economic growth rate in 1989 was marked at 112, being prominent
among Asian developing niations. Particularly, the growth of its industrial

sector was significant.

The installed capacity of electric power generating facilities in Thailand was
8,314 MW in 1989. Composition of power sources consisted of 2,271 MW in hydre
plants (27.3%) and 6,043 MW in thermal plants (72.7Z).

The rates of average annual increase of EGAT's power and enérgy'generation for
the €ive years from 1986 to 1990 were 12.9% and 13.2% respectively. The rates
increased in 1990 by 13.87 and 18.5Z respectively. The rates of increase of
future demand will decrease gradually to be 7.67 and 8.3% in 1995, and 6.2%
and 7.2% in 2000. After 1995, the annual increase of demand is considered to
be about 900 MW and about 6,100 GWh respectively. Therefore, new powerﬁplants
having a capacity of 900 MW should be implemented every year.

The Thai Government has & policy of utilizing indigenous energy sources such
as natural gas, lignite, hydropower etc., while suppressing the increase of

o0il importation as much as possible..

On the other hand, there is a plan to construct the imported low sulfur coal
fired power plant in order to cover the r&ﬁid increase of the electric power
demand. However -as a ‘recent woridwide program for the enviropmental
proteationron_the 50x emiséion, the imported low sulfur coal price will rise
up gradually, and this tendency will keep the high necessity to apply the
'indigenousflignite together with the application of the imported coal in
Thailand.

In the view of the poiicy situation mentioned above, EGAT is planning to
construct lignite thermal power piﬂnts in the southern region of Thailand

since the only prominent indigenous energy sources in this region.



Furthermore, following this worldwlde tendency for the environmental
protection, EGAT has also been pursuing the low polluted emission to keep the
environmental resource for humanity, and has been developing its environmental

programs which are considered as leading body in the Thailand.

To satisfy the above necessity, EGAT made a preliminary study on the
Fluidized-Bed Combustion (FBC) boilered power plant pursuing the following

capabilities;

i} FEconomical design of the boiler for the low SOx. and less NOx emission

compared with PCF and DeSOx plant

ii) Wider range of coal utilization from the lower grade of the lignite to

the high grade of the ceal

The study concluded that FBC plant is most feasible boiler for the wider range

of the ligﬁite utilization and the low polluted emission boiler.

Following the above.preliminary's;ﬁdy._;he:Gpvernmeﬁt;of the Kingdom of
Thailand requestgd the Government of Japaﬁiéo implement the Eeasiﬁilihy Study
on 5in Pum A-FBC (Atmosphere~Fluidized Bed'Combustion) Coal-Fired Thermal
Power Development Project with the capacity of 2 x 75 MW as of November 8,
1990.



1.2 Objective and Scope of the Study

The main objective of the Study is to formulate the optimum development scheme
of the Sin Pun A-FBC Coal-Fired Thermal Power Development Project and to
assess technical, environmental, financial and economic feasibility of the

project.

The Study is divided into two (2) stages, and the scope of work at the

respective stages is itemized as follows;

(1). First Stage

1) Collection and review of existing data and information related to
the Study.

2) Site reconnaissance

3) Power survey and optimization of development scale

&) Coal and limestone analyses

5) ‘Combustion test (Bench scale)

5) Market research for limestone

(2} Second Stage

1) Environmental investigation
2) Site selection study
3) Combustion test (Pilot scale)

4) Feasibility grade design

5). Coal mine de&elopment plan-

6)  Gost estimation

7 Construction plan

8) Economic and financial analyses of the project



1.3

(1)

(2)

Goneral Situation of the Kingdorm of Thailand
Locatien and Area
Thailand is situated in between lat. 5° 36' N and 20° 24'N, and in

between long. 97° 14 E and 105° 41° E. It is bounded by Lao PDR in
g .

the north and the east, by the Cambodia in the east, by the Federation

~in Malaysia in the south and by the Union of Myapmar in the west.

International rivers forming the boundaries with the neighboring
countries are the Mekong river for Laos, the Salamin river and the Moei

river for Myanmar.

The total area of the country is 513,115 km®?., The area of the farmland
is 199,088 km* and accounts for about 40 of the total area. Main

rivers and mountain ranges are shown in Fig. 1-1.

Climate

A climate of Thailand is divided into three seasons: a rainy season,

cool season and hot season.

The rainy season starts from around the middle of May when the south~
west monsoon starts to blow, and ends_around.;hé ﬁiddle of October in
the northern region and in November in the sputhern region. IN the
rainy season, there is a sﬁoﬁer lasting for one to two hours almost

virtually every day. Especially it rains heavily in September.

The season from the middle of Novembér to Fébfuary is’ called cold
season which is affected by the north-east monsoon blowing in whole of
the Thailand. Due to the monsoon the temperature in Bangkok falls to

15°C at night.
The season covering the three months from March to May is calléd'the

hot season while it is the hottest time of the year. As the north-east

monsoon weakens in this season and the sun moves from the equator to
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(3)

(4)

above Thailand, the temperature rises, becoming especially very high in

April. It reaches almost 40°C in Apfil in Bangkok.

Actual rainfall is around 1,300 mm in Bangkok, 1,200 mm in Chiang Mai
of the northern part, 1,100 mm in Khon Kaen of the northeastern part

and 2,000 mm in Hat Yai of the southern part of Thailand.

Population

The populatioﬁ of Tﬁaiianduas of December 31} 1§89 is 55,888.393 and
has increased by 927,000 perSons'or 1.72% compéred with the end of 1988.
The pdpulation of the‘Bangkdk metropplis;is 5,832,843 and has increased
by 116,000 persons or 2,037. The population of the Bangkok metropolis
accounts for 10.4% of the total population. The relative density of
population is 109 and 3,727 persons/km®’ for tﬁe whole of Thailand and

Bangkok, respectively.
Government.System

Constitutional mdnarchy has been establighed in Thailand in 1932. The

‘present constitution was promulgated in December 1978 and its major

points are as follows:
» Thailand is a Kingdom having a king as a:sovéreign.
+« Sovereignty rests with the people.

+ Freedom of religion, speech, publication, association, formation of

political parties and correspondence.:

» Support of the democratic form of govetnﬁent' and obligation of
military service Dbased on thelrnation, religion, king  and

constitution.

« Parliament with a_twofchémber system {(members of the Upper House:

appointed, the Lower House: publicly-elected).



¢ Promotion of party politics (members of the Lower House must belong

to parties).
» Cabinet consisting of a prime minister and ministers of state.

The organization of the govermment consists of one Prime Minister’s

vifice and thirteen Ministries. The organization chart is shown in

Fig. 1-2.

The organization of the local government as seen in the figure below
mainly consists of "Province {(Changwat)", "District {Amphoe )", "Town
{Tambon)* ﬁnd *Village (Mo Ban)®". These are under the supervision of
thé central government. Governors of the provinces are appointed by
the Hinister of Interior. However, the govefnor of the Bangkok

metropolitan area has been publicly-elected since 1985,
.Organization Chart of Local Government

[Prime Minister]

[Minister of Interior}

I

Province [Changwat]

|

District [Amphoe]

Town fTambon]

|
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1.4 Related Organization
1.4.1 Organizatuons of Electric Power Sector

The electric power enterprises in Thailand are for the most part under the
msnagement of the government while installed capacity owned by private

companles accounts for about 10% of the entire electric power capacity.

The responsibility for comprehensive administration concerning electric power
comes under the jurisdiction of the National Energy Administration (NEA) of

the Ministry of Science, Technology and Ehergy.

The responsibility for electric power supply comes under the jurisdiction of
EGAT for power generation and transmission to the primary substations and that
of the two power distribution orgénizations, the MEA and the PEA, for on and

thereafter.
(1) = NEA: National Energy Administration.

The NEA is resﬁonsible for managing energy policies for. all of
Thailand. It establishes and adjusts the electric power development
plan in. addition to being responsible for small scale hydroelectric
power prOJects, etc., which are to be 1ncorporated in the 5-year plan

for economic and social development.

(2)  EGAT: Electric Generating Authority of Thailand
‘The EGAT was set up in May 1969 by consolidating 3 organizations: YEA
(the Yanhee Electric Authority), NEEA (the North-East Electricity

Authorityj and LA (the Lignite Authority).

EGAT has been. charged, according to the EGAT Act 1968, with.

résponsibility for. carrying out the following objectives:
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- To generate, acquire, transmit or distribute electric energy to:

+ The Metropolitan Electricihy Authority (MEA)Y, the Provincial
Electricity Authority (PEA) or other electricity distribution

authorities as prescribed;
o Other electricity consumers as directed by a Royal Decree;
» Neighbouring countries.

- To undertake various activities concerned with energy sources dgrived-
from npatural resources e.g. water, wind, natural heat, sunlight,
mineral or fuel such as oil, coal or gas and including nuclear energy
fér the production of electric energy and other activities which will

‘promote the scheme of EGAT.

- To produce and commercialize lignite, and chemicals derived from or

“utilizing lignite, or join with other bodies for such activities.

-To fulfill the aforesaid objectives, the scope.of responsibilities

“entrusted to the Authority by the government are as follows:

- To construct and operate dams and reservoirs or other equipment
connected with electric power production and to develop water

resources with a view to expanding such opportunities.
- To construct thermal, hydro, nuclear and'other types of pbwef'plant.

- To improve and expand  substation and transmissionm system including
associated equipment for electric power transmission and

distribution.
- To specify &standard, type and size of substation, trdnsmission

system, power plant, lignite chemical plant and fuel Ffor power

production as well as associated equipment .

1 -12°



{3}

- To formulate policy in connectlion with the production of power and

sales of electricity, lignite and lignite by-products.

To achieve these objectives and responsibjilities, EGAT has formed a
main policy to ensure that sufficient power is constantly available,
the services are reliable, and that power is sold at the lowest

poSSible rates.

The reliability of power supply has been and is being continuously
improved and the level of services has become the average in the world.
EGAT, as a self-supporting organization, has an independent authority
in the management of the organization. Although the decision or. powér
rates is subject to approval of the Cabinet, it draws up the plan

independently to cover all costs of power generation.

The fipancing depends on financing from the government, borrowings from
both domestic and international financial organizations in addition to

the issuance of bonds which are authorized by the government.

EGAT buys extra electric power from the Nam Ngum Power Plant in Lao
PDR, transmitted through power distribution lines in Thakhed and

Savannakhet.

Also, Thailand has been interconnected with Malaysia by the
transmission lines of 115 kV/132 kV since August 1980, allowing
international interchange of électric power.

The organization chart of EGAT is shown on Fig. 1-3.

MEA: The Metropolitan Electricity Authority

The MEA was éet up in 1958, combining the Bangkok Electfic Power
Company which was under the jﬁrisdictian'of the Ministry of Interior at

that time and the Power Generating Bureau of the government, as an

organization fully subsidized by the government.
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1.4.2 Organization of Environmental Sector .

As a result of increasing public concern and wish to cresate an organization
which can effectively protect precious environmental resources, the Thai
Government in 1975 promulgated the "Improvement and Conservation of National
Environmental Quality Act, (19?5),“ This Act, among other things, created the
National Environment Board (NEB), and the 0ffice of the National Environment

Board {ONEB), an executive secretariat and the operational arm of the Board.
(1) NEB: Naﬁional Envirnnmentai Board
Under the Act of 1975, revised in 1978, the NEB is charged with:

- Submitting policy and opinion concerning the improvement and

‘conservation of environmental quality to the Council of Ministers

- Considering puidelines for the implementation of policy in respect of

the schemes or projects concerning environmental quality

-.C@nsidering and submitting opinion omn projecté of Government
agencieé, State enterprises and private organizations, which may have
adverse effects on the environmental gquality to the Council of

Ministers

-~ Submitting plans for the development, improvement and conservation of

environmental quality to the Council of Ministers

- Giving advice to the Prime Minister on matters to be prescribed in
the Notification issued under section 17 or the Order issued under

"section 20 of the Act

- Recomﬁending_thé standards of environmental quality to Government
agencies having the statutory power to prescribe them as well as
recomménding measures for the prevention and conservation of
‘environmental quality in various respects to the Government agencies

concerned
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- Recommending any amendment of or improvement to the law concerning
the prevention and conservation of environmental quality to the

Councill of Ministers

- Coordinating works between Government agencies, State enterprises and

private organizations on matters concerning the environmental quality

" . Submitting opinion to the Prime Minister for consideration and order
in the case where any Governmeént agency or State enterprise violates
or does not comply with the laws, rules or regulations coﬁderning
conservation of environmental quality, which may cause extensive

damage.

~ Submitting report on the national situation of environmental quality

to the Council of Ministers at least once a year

- Considering any other matter concerning the environmental quality as

the Council of Ministers or the Prime Minister may request, and

- Performing other functions as may be designated by law to be those of

the Naticnal Environment Beard.

The organization chart of NEB is shown on Fig. 1-4.
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2.1.1

A1)

(2)

Background of the Project -

Current Economic Situation and National Economic and Social Developmént Plan
Current Economic Situétion

Outline

With plenty of arable land, natural resources and a large labor force,
the economy of Thailand in the years following World War iI developed
steadily achieving é high economic growth rate while diversifying its
industrial structure. Till the mid-1950s, its pre-capita GDP was $80,
a figure dwarfed by the $1,400 0or so of today's GDP per capita. Though
the regional variation of income not small, the fact is that Thai

economy tided over the oil crisis and other jolts and unwaveringly

‘grew. 1t 1s now touted as the most likely country to be a new member

of NIES (Newly Industrializing Economies), the group of countries in

Asis whose economic status has markedly risen in the recent years.
Major Economic Indicators

The economic performancé of Thailand in the recent years after the

second oil shock has been on an upward swing, with a 3.5 growth rate

 for 1985 and 4.9%7 for 1986 in terms of real GDP (gross domestic

product), thanks mainly.to the expansion of exports which began in mid-
1986. For 1987, 1988 and 1989, real GDP grew by 9.5%, 13.2% and 12,2%
respectively and, of the GNE (Gross National Expenditure}, both exports
and-ﬁhe formation of fixed capital being considerably up from the
preceding vyear. Imports expanded by a large bound, because of
increasingly strong domestié demand. Agricultural output grew only a
little, however, owing to ‘the drought but manufacturing industry

registéred a growth of as much as over 10Z. Tertiary industries,

electric power, water suapply, financial business, insurance and

gervices, have all fared well.

Thailand's posjition in international trade is quite inveolved. By 1986,

the deficit in trade balance had been on the decrease and, as & result
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of this, the current account for 1986 turned into the black, thbugh
this surplus was small, Since then, imports have increased because of
vrecovery of business at home and exceeded exports to drive both trade
balance and current account into the red while caﬁital inflow kept
increasing so as to hold the overall balance of payments in favor of
Thailand. Therefore its foreign currency reserve has been growing
steadily and, moreover, its debt service ratio, once hovering at a high

leyel, shrank to 11.0% at the end of'1989.

Recently for consumer price level is gradually raising and it is over

67 at the present.

Major Economic Indicators and Balance of International Payments from

1983 to 1989 are shown cﬁ tables below.

Major Economic Indicators

| Indicator | 1983 | 198a | 1985 1986 | 1987 1988 | 1989
Real GDP growth rate (%) 7.3 | 11 3.5 4.9 9.5 13.2 12,2
Consumer price rise (%) 3.8 | 0.9 2.4 1.9 2.5 3.8 | 5.4
Whole price rise () c2.0 | 30 0.1 0.4 5.9 8.2 4.6
Forei nrcurrency reserves 26 27 0 38 52 71 105

{US% billion) S o
Debt to foreign lenders 9.6 | 108 | 12.8 14.1 5.7 17.0 | 19.0
(US$’ billdon)
Government f%nance: _
~ Balance (Bil. Baht}. -23.7 | -34.0 | -39.a 342 | -89 36.1 | 65.3
Source: Thai Central Bank and NESDB
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Balance of International Payments

(Unit: Billion Baht)

Iiem of Balance 1983 1984 1985 1986 1987 1988 1989
Exports . 145.1 173_.5 191,7 231.5 298.1 399,2 514.0
tmports 238.3 | 243.2 253.4 245.7 341.4 501 .4 646.8
Balance of tlja&e -89.2 -69.6 -b1.7 -14.2 -43.3 - -102.2 -132.8
Current account 66.1 | -49.2 -41.9 6.5 9.3 -41.8 | -58.0
Bverall balancé of pavments | -18.1 16.6 12.5 33.6 18.2 40.5 111.5
Baht per U.5.% (average} 22.98 § 23.61 27.13 26.27 25.71 25,27 25.60

Source; Thai Central Bank and NESDB

Note: Re-exports'and Similar transactions are not included
in the export and import figures,

_Comihg into 1990, the.Thai economy continued to show an expansionary
trend to foretell a real growth rate of around 10%Z. The expected
increase in the trade imbalance, which would push up prices and make
money supply tighter, because of circulatory factors, has not affected
the basic mechanisms of Thai economy enough to- signal any negative

influence on its current performance, which is good, 1f not excellent.

2.1.2  Underpinnings of the Economic Growth

The decade of the 1980s opened its door to see the real GDP of Thailand rising
rapidly at an annual average of not lower than 5% while the other countries
of Asia were compelled to resort to a policy of adjustment in order to avoid
iﬁcreases in'overseas debt at the cost of growth rate curtailment. Of the
ASEAN countries, Thailand cut an enviable figure with its high growth rate,

twice as high és'thé 2.5%7 growth rate of world economy during the same period.

- The Thai eéénomy, maintéining the high,rate of growth we have just noted, is

steadfastly supported by eight underpinnings and each will be considered.

The first underpinning. is Thai agriculture.  Thailand has been one of the
major exporters of primary_prbducté& rice, rubber, tin and teak have been

“traditional export items. To these are added the new export items which



surfaced after World War II, namely; cassava, maize, sugar cane, canned fish,
frozen shrimp and squid, canned fruit, frozen chicken, etc. Despite the
conspicuous changes taking place in the overall export makeup; the share of
these agro-aquatic products in the total export volume is at a level of over
502 and signifies the large weight of agroaaquatic.industry in the national

economy of Thailand.

The second is the dlversiflcatlon,of productlon output. Not only agriéuliure
has bsen expandlng rapldly to take on a new outlook. In addition to such
manufactured products as processed foods and textiles, new export products are
emerging in jincreasing quantlty from the plants set up by direct investment
from overseas or by 301nt venture of indigenous and foreign capital. Examples
of the new export products are IC parts, jewelry, plastic articles, woodwork
and furniture. Countries importing these Thai products are diversified; 60Z
of the total export volume go to CECD countries aﬁd the remaining 40Z to

developing countries.

The.third is the government self-restraint on publié spending and monetary
_pollcy, which 1mproved ‘Thailand's position markedly in regard to fiscal
‘balance and - international finance, and helped sustain “the - Stablllty of

domestic economy. Compare Thailand with those developlng countries currently

struggling under a heavy debt burden, and it will be seen that Thalland is far
better circumstanced. This policy of self-restraint is eloquently';llustrated
by the ceiliﬁg that the government imposed on itself during the ongoing ﬁfh-

economic developméﬁt plan to limit the annual borrowing from overseas to U.S.

$1.5 billion.

The fourth 13 the innovation worked into the admlnlstratlve mechanlsms, which
streamlined administrative decision-making processeés. This ‘innovation lies
mainly in the'introduCtionlof'the committee system into govefnmental organs.
Many committees have been instituted to. stimﬁlate coopération between

governmental organs and private-sector businesses.
The fifth is the integrity of economic peolicy. Coming'and going of cabinet’

members  in the - executive branch do not affect the economic policy once

charted. Even the now remote chance of cotp d’etat’ can not swerveé or alter
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the general tenor of economi¢ policy. This means that a policy once set

rolling continues to run on the charted course.

The sixth is the relatively favorable environment for iInvestment. The
committee responsible for this area 1s the government Board of Investment
(BOI). the Board has been positive in . according generous measures to
investors. This attitude, plus several social factors, makes Thailand highly
attractive tco overseas investors. For one thing, labor is not only plentiful
but has high aptitude for technical work. For another, agriculture, as the
bedrock of social stability, is steadfast. The land " is expansive
(513,000 km?), with a large enocugh population (55.5 million), to promise a

potentially huge domestic market.

The seventh is a large income from tourists of foreign countries, This income
in 1989, 96.4 billion Baht, was large than that of apparel which was the top

export item.

The eighth is the rapid increase in direct investﬁent of recent years. This
increase was triggefed in the latter half of 1986 by investors from Japan and
Taiwan, and in 1987 the_numbef'of applications for iﬁvestment permits rose
consideyably. The trend picked up speed in 1988, Qbviously, direct
investment from overseas is .a prominent factor in the continuing growth of

Thai economy. '

2.1.3 Main Factor of Economic Growth in Thailand

Factors contributing to this success of the Thai economy may be found in its
flexibly constituted economic structure, capable of readily adjusting itself

to changes, and in the economic policy sustained by the government.
(1)  Ghange in Economic Structure

The basis of Thai economy is. agriculture and this fact cannot be
ignored in-assessing*the”economic aspect of Thailand today and in
weighing the role Thai agriculture has played and is playing. About

607 of the people, who derives their livelihood from agriculture, still



(2)

account. for a sizable portion of the national output and exports,
though their productivity can hardly be said to be high by world
standards. Diversification has been taking place to increasingly
eclipse the mainstream produce, rice, by such products as maize,
cassava, sugar cane, etc., fhus paving the way for growth of agro-
industry, nurtured by the rich variety of agricultural produce that

Thailand is capable of turning out.

The share of agriculture in Théilaﬁd‘s national economy;:ﬁoﬁever, has
been shrinking, in relative termé, as manufacturiﬁg industry kept
steadily expanding to increase_ité share.. In 1989, primary industry
accounted for 172 of GDP and manufacturing and construcfion industries

combined accounted for 32%.

in the export area, apparel became the top export item by surpassing
rice, and jewelry, gems and personal ornaments took higher places in

the list of Thai exports.

Processing and machining services rendered to foreign manufacturers is

contributing measurably to Thai export performance. Besides all these,

-businessmen from Japan, Taiwan and  other countries are finding a

promising place of business in Thailand. Their high-valued currencies,
notably the Japanese Yen, are giying.impetus to the inflow of capital
in the form ﬁf foreign hanufaéturers setting up plants and éhbps in
Thailand. This trend, often appearing like an inrush of industrial
funds, is likely to fuel the industrialization of Thailand for many
years to come and to induﬁe a change, if not a radical change, in the

economic outlook of Thailand.
Economic Policy

The economic policy long pursued by the Thaiigdvernment'may be viewed
as being charactepized by enlightened conservatism founded on free
enterprise but preferring balanced.expansion.to high-pitched economic
growth. During the period from the first national economic and social
development 'plan (1961-1966) to the current -7th.: the government

restricted its economic role to that of developing the social capital;



namely, the transportation network, public utilities, housing, etc. It
took a cautious stance on the launching of large scale development
projects while aiming at. fiscal balance and refraining frem rash
overseas borrowing. Unlike many developing countries, Thailand did not
hasten to expand its heavy and chemical industries. Rather, it courted
a slow industrialization centeréd on light industries taking into
account the limited levels of technological skill and available funds
at home. This traditional policy is still alive, keeping Thailand
moving in the direction of industrialization locked into agriculture as
one .of the NAIC (New Agro-Industrial Countries) and preventing itself
from following the footsteps of some countries who wventured on the
" course of export-oriented high-tech industrialization. Today, Thai
ecopnomic policy seems to address the problems of how to narrow the
development gap existing among regions and to minimize the differences
in personal income while maintaining the free play given to the

nation’s economic engines.

The industrialization policy the government of Thailand has beeén
pushing is built on two policy pillars. One is the economic
development plan'which started 1ife in 1961 and the other be that which
is embodied in the 1962 legislation, "Industrial Investment Promotion
Law.," It is policy relying on initiatives in the private sector; this
is the basic line which has been consistently followed to date. At
present, the 7th national and social economic development plan (1991 to

1996) is in progress.

244 Problems Facing the Thai Economy

Although the overall Thai economy is understood to be in good condition, as
explained in the foregoing sections, a great many problems remain unsolved.
The primary ébjectives in Thailand’s current economic policies are to reduce
regional differentials concerning economic developments, to achieve fair
income distribution, and to allow the independent economy of Thailand to take
off.



Other problems include slum areas and informal sectors inside big cities;
shortcomings @ in the  infrastructure, AMONE, them communications;
decentralization of industries to reduce an over concentration in the citles;
trade deficit ﬁroblems; an increasing labor force versus deéreasing employment
. opportunities; technical transfer problems; and traffic and ‘flood problems in
Bangkok. The Thai government is well aware of these problemé and is making
efforts to solve them through the 7th national economic and social development

plan.
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(1)

(2)

Qutline of the National Economic and Soclal Development Plan

Targets Set for the 1st through the 6th'plans and accomplishments made

during the plan periods

The attached table (Pable 2-1) shows " the planned targets and
accomplishments of economic growth rates, GDP per capita, population

growth rates, trade balance, and increase rates of consumer prices that

‘resulted from 1961~656 (1lst term) through 1992~96 (6th term) of the

national economic and social development plan.

Outline of the 7th Plan

Following is an outline of the. 7th. national economic and social

development plan (1992-96), which was approved by the cabinet meeting

" of August 1990 and started in October 1991.

Objectives

* To maintain an adequate level of economic growth while maintaining

the stability of both economy and finance.

*® To distribute income and the results of economic developments to

local regions.

* To promote further developments of human resources, living

standards, environments, and natural resources.

Targets

To achieve these objectives, the following targets in terms of quantity

and quality have been established:
1. Economic groﬁth

* Yearly economic growth rate of 97 on the average
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* Increase -of income per capita to 75,000 bahts (about US$§3,000),
in the last year of this plan, from 32,400 bahts in 1989, which
means that an average annual growth . rate of 7.6% must be

achievad.

* Average annual growth rate of more than 2.7% in agricultural

production,

* Average annual growth rate of 9.3% in manufacturing production,

* Average annual growth rate of 172 in export revenues and of 12%
in export volume on the assumption that the world economy grows
-at an annual rate of 3Z.

Targets of economic stability

* Inflation rates should not exceed an annual average of 5.5Z,

* Trade deficits should not exceed an annual average of 7% in

terms of ratio of GDP.

* The current account should be balanced by the last year of this
plan. The deficit ratio of the current account to GDP should

not exceed an annual average of 2I.
Targets of income distribution

* Target groups for income distribution should clearly be defined
for people who belong to these categories: poor farmers,
employed farmers, people who run small businesses in city areas,

and ‘low-wage workers employEd by private enterprises.
* The population ratio of those below the poverty level should be

‘reduced.to less than 20Z by the last year of this plan, thereby

reducing the number of poor people.
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* While curtailing the income gap by region and occupation,
efforts should be made to raise the income levels of the target
groups, especially of poor self-empleyed farmers and those

employed in farming industries.

® Proﬁrietorship of assets should be distributed with special
emphases on farmers’ income from land and on the housing supply

for low-income workers.

Targets of human resources, living standards, environments, and

natural resources development.

* The population gfowth_xate should be lowered to 1.2% annually by

the last year of this plan.

* Through the continued efforts to promote and improve lifelong
education in the overall education ‘systems (both formal and
infprmal),.the quality of the Thai people should be raised to
provide them with flexibilities that allow them to cope with
changing envirbnments. | Also, "active participation by the
genéral public in the development programs should be encouraged
on a much wider scale, and the profits_gaihed-from participation

should be protected and secured for the investors.

* Efforts should be made so that_ail the ‘Thai people can enjoy
good health within 10 years.

* To promote. the progress of .our societies'anﬁ_tO'preserve and
maintain the identity and the precious trﬁditional values of
Thailand, it is necessary to bring up-‘the type'of people who
have a sense.of moraiity_and;ethics to go along with good health

and skills.

* Efficiency concerning the protection of life,. properties, and
consumer interests should be raised so’thit.ﬁeople from rural
and urban areas alike can benefit from high-quality lifestyles

and peaceful societies.
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* Living standards should be ralsed through efforts to reduce the
levels of water and air pollution, noise, solid wastes, and
harmful wastes and also through efforts to check the worsening
situation of environments overall. Recreational areas should be
provided. Harmful contaminants in the air, such as sulfur
dioxide, carbon monoxide, nitrogen dioxide, and from gasoline,
should be reduced to ‘levels that will not harmfully affect

people in both city and rural regions.

Primary Policies

To achieve our goals, the following policies have been set forth:

1.

To help the economy to grow

To achieve 97 growth during the 7th plan while maintaining a
stable economy, it is important to make further advances in the
proddction restructiuring program for the agriculture, industry{
service, and trading sectors and to solve the problems arising
from the deficiency of basic infrastructural services and an
insufficient supply of energy. Equally important is the
restructuring of money markets and finance and capital markets in
line with objectives to promote science -and technology policies

and to maintain economic growth and -stability. As primary

"policies, developmental guidelines have been proposed for the

following nine sectors: Agriculture, manufacturing industries,

foreign trading, service industries, infrastructural services,

energy industries, science and technologies, new economy zones,

and- money, finance, and capital markets. The main points

proposed:

* To promote diversification of both trading and production

S gtructures

* To.promote the developmeﬂt of capital markets aiming at creating

... beneficial investing environments and als¢ to enforce money and
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finance - policies ~ flexibly in the direction of easing

restrictions.

% To open the Thai economic system to the international econémy
and to enhance productivity with an eye to maintaiﬁing'
Thailand’s competitiveness in international markets. to promote
the strategy to decentralize production bases Eo new local
economic zones and to create competitive economic environments
in Thailand by taking measures to redﬁce monopoly and

protectionism in domestic markets.

% To remove obstructions  to economic expansion, to raise the
productivity and competitiveness of Thai industries, and to

promote the development of science and technology.

% To monitor arnd control inflation, trade deficits, current

account deficits, and foreign liabilities.

* To  encourage 'private4sector participation in national

development programs,
Income distribution policies
The situation of income gaps in Thailand is becoming much more

serious than expected.- The population ratio of the below-poverty

level dropped to 25.27 in 1988, from 397 in 1969. The'tempo for

‘the ratio to drop, however, has dwindled since 1988, reflecting

the stagnant market of prlmary merchandlse in the 19903, which has

had a strong influence on poor people in farmlng regions.

The income.gap among households is also increasing. A comparison
between the top 20Z of the population, the most affluent group,
and the bottom 20%Z, the poorest group, shows the gap has increased
8 to 12 times from 1976 through 1986. A survey by. occupation.
shows that the income level of farmers is still the lowest income
category, which is about half ‘the -average  income level of thé

total population.
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_Although the average workers and government employees are paid
higher than farmers, those employed by private enterprises are
paid much higher, about five times more than government employees

are paid.

The economic gap between the metropolitan area and other areas is
also increasing. Bangkok produced about 46.3% of total domestic
production in 1981. The ratio rose to 48.6% in 1987. However,
the production ratios in aimost all other areas dropped during the
same period.

-With the income distribution policies of the 7th plan, therefore,
consideration. should be given to the above-described income
distribution problems and also to the basic problem of property
gaps, which forms the root to all these problems. It is also
necessary to define undétprivileged groups, such as farmers, as a

target group of this policy.

Guidelines for the income distribution policies are prepared for

seven categories as follows:

+ Money/{finance policies to facilitate fair-income distribution
. Guarantee.polidies for housing and farmland

+ Distribution policies for proprietorships

. Deve;opment policies for human resources

. Improﬁément policies for production and market development

systems
+ Policies to decentralize social economic services to local areas
» Policies to solve local poverty problems

.+ Policies to solve city poverty problems



The following. main points are proposed in relation to these

guidelines:

* To integrate local tax, land tax, and property tax into one
general property tax and to study the possibility of introducing

an inheritance tax.

* To increase revenues of local areas by means of profits: from
royalties and to increase power generation by using the natural

resources in each local area.

* To increase budgets and to develop education and health services

in remote regions and in city slum areas,

* To establish funds for or assign loans to low-income people for

purchasing land and houses.

* To improve the production and market development systems fof

poor people in agriculture
# To ‘decentralize production activities to local regions with
emphasis on the movement of small and medium-sized enterprises,
. which are closely tied to large-scale corporations.

* To enforce fair income policies for underprivileged workers.

* To develop human resources through education, vocational

training,-and social welfare.

* To accomplish a. 100Z school attendance rate for six-year
compulsory education and to extend the term of compulsory -
education to nine years by 1995.

* To expand basic infrastructural services to local regions.

* To provide land and housing guarantees to under-privileged

people by  such means as  promotion of land'.reform;' law
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enforcement of land rent for agricultural purposes, and housing
for low-income classes through the establishment of fair rent

charges.

* To provide Ffinancial assistance to stall owners and self-
employed people who run their own businesses, and to promote
fair subcontracting systems and a supply of information with an

eye to solving the poverty problems in city areas.

Tolicies for Thuman .resources, living standards, and the

development of environmental and natural resources

To realize a better living standard for the Thai people during the
term of the 7th plan, it is necessary to adjust and improve
social, environmental, and natural resource policies and to secure

a good balance between these policies and the status of

~ developments on a national scale.

The following development policies are designed to upgrade the
living standards of all the Thai people and to enable them to

adapt to changes in societies, economies, and technologies.

It is estimated that during the 7th plan, the nation’s way-of life

will be greatly affected by social changes in many sectors

- throughout Thailand. This country is transforming itself from an

old agricultural society to a new society in. which urban areas

play a key role in economic activities.

The age structure of the population and the family system of
Thailand is also gbing thrdugh-big changes. Especially in fhe
family system, as one family scale grows smaller because of a
decreasing number of children and an increasing number of nuclear

families, the number of siﬂgle—parent households and Ffatherless

‘families is expected to increase. ‘It is estimated that all these

rapid and drastic changes going in the social structures will have

_a tremendous effect on the Thai people’s living standards.
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To alleviate these influences, guideiines have been proposed in
five categories: human resources development, education and
health measures, public health measufes. development plans for
social ethics and cuiture, environmental development measures, and .
development plans. for natural resources. These policies are

further detailed in the following descriptions:

* To improve the physiﬁues and the mental capabilities of the Thai
people so that individuéls in any age group can adapt to changes
in societies; economles, and £9chnologies._-8pecial emphasis
will be placed on reforming the education éystem'into one that
can keep abreast of the fast paée of technological innovations

and also on reinforcing the job and skill trQining'sysfem.

* To improve the method and the means for more-stable family ties
orders. To encourage the private sector and community
o:ganizations to establish welfare centers where children and

older people can be cared for.

* To ensure social stability and peace with special attention to
crime prevention in greater efforts to secure human life and

property.

* To encourage the establishment of public mechanisms to promote
moral education and to adjust and support the activities of

monasteries, religious communities, and religious groups.

* To ensure environmental qualities on the basis of international

standards.

* To strictly. enforce laws, administrative systems, pollution
control, and resource control to preveat air and water
pollution, solid waste exhausts harmful wastes, and worsening

situations of natural resources.

* To prevent damage caused by acid rain by enforcing ' proper

measures on the use of coal at manufacturing stages.
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