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using Krabi coal as supporting fuel for generating electricity. In 1963,

Krabi open pit mine was enlarged to supply its lignite to the power plants.

Since then geological investigation works were intermittently carried out.
In 1985 a drilling program including geological, geotechnical and quality
assessment fields was conducted in order to get the most likely economic areas

for mining in the Krabi basin.

Krabi mine, reserves 120 million tons, produces about 250 thousand tons of
lignite per annum by the truck and shovel mining method and provides all of
them to the Krabi'power plant (3 x 20 MW), generating about 34 MW from-OctoBer
1989 to September 1990. | E

The Feasibility. Study on Krabi Mine Expansion 'Project"for Power Plant,
February 1988 revealed that the Krabi mine is able t0 provide total 5 million

tons per 25 years to the power plant.

'The'sﬁpply of 200 thousand tons per annum to the Sin Pun A-FBC power plant is

adequatelf pessiblé.

6.3.2 Geography

The Kﬁabi'Basin lies oﬁ the western Théiland cdaét and 5 ma jority of the
southern portion of the basin is covered with essentially estuérine, mangrove,
mudflat and some flood plain deposits, while the northern portion is covered
with uncoﬁsolidated sediment, élay. silt and sand with some gravel in old

channel.

The Paka Sai River flows from north to south along the eastern side of the
Bang Pu Dum, Bang Mark, Wai Lek and Mu Na deposits and down to the Phela River:
which flows into the Malacca Strait. The small tributaries join the Paka Sai

River from both sides.

The landform of the Krabi Basin is characterized by flood plain of the Paka
Sai river with average height about 20 meters(MSL). A good deal  of
tributaries cover throughout the basin.  The area is moderately roiling-

landform, height about 40 meters (MSL)..
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The climate around the Krabi Basin is divided into two season; a dry season
and a wet season. The dry season from January to May is characterized by
sﬁnny and hot with little rain or breeze. The tropical weather causes a long
‘rainy season from May to December. The meteorological data at the Krabi mine

recorded by EGAT during 1988 - 1989 is summarized in the following table.

Table 6-5 Meteorological Daia at Krabi Area

Temperature
Max. . Min. _ Rainfall

Ext. Ave. Ext. Ave. Monthly No. of Greatest
: . T ' Rainfall Rain Day in 24hr.

{°C) (°€y  (°C) (°C) {nm) (day) (mm)
Jan. 36.5 35.3 19.5 21.3 14.50 4 10.00
Feb. 37.8 "36.9° 20.2 21.8 . 2.00 1 2.00
1 Mar. 38.9 37.3°  20.7 22.2 128.20 5 70.50
Apr. 38.3 36.2 21.0 22:9 103.50 6 30.60
9 May . 37.7 35.7 22.7 23.5 422.20 20 75.80
. Jun. 36.2 34.5 22.5 24,0 65.00 6 . 40.90
9 Jul.  35.5 33.5 21,5 22.9 261.30 i7 53.60
Aug. 34.6 32.8 21.3 S 23.2 352.40 i9 69.20
1 - Sep. 33.8 32.7 21.5 22.8 - .193.10 i9 38.20
Cct. 35.1 33.7 21.0 21.8 139.30 18 50.00
Nov. 34.9.  33.0 20.3 21.3 53.40 i 22.00
Dec. 34.0 32.9 20.1 20.9 49.10 9 13.50

8.3.3 Geology
6.3.3.1 Regional Stratigraphy

The Krabi_Tettiafy'coal Basin is one of isolated intermontane basins in
Peninsula of Thailand. ~The previous geological study reveals that it is
formed on the sopthern end of narrow graven-like terrain near Pnang-nga Bay

with the depositional environment under shallow marine and lacustrine.

krabi-area.is"ﬁndeflain by Paleozoic to Quaternary rocks (Fig. 6—12); The
basement rocks is composed of 1atéiPaléozoic to Mesozoic sedimentary rocks.
The Tertiafy sequence (Krabi Group) consists of six formations: the Bang Pu
Dum;-Pakasai,'Khlong-Siat, Khuan Muang, Tha Nun and Huai Khram Formations in

aécending order (Fig. 6-11). The Bang Pu Dum Formation is & main coal bearing
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Fig. 6-11 Lithostratigraphy of Krabi Basin
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formation while the Tha Nun Formation includes thin uneconomic lignite layers,

The Krabi Basin is covered throughout with Quaternary sediments. Detailed

description of each rock is as follows:

(1)

(2)

Pre-Tertiary Rocks

Permian limestone range, which is characterized by light to dark gray
masasive and bedded limestone interbedded with sandatone and shale,

bounds on the western side of the Tertiary basin. The basin is

‘presumably bounded on the south by Carbohiferous to Permian rocks which

are made up of sandstone, shale, conglomerate and chert. The range and
some hills of Mesozoic red bed form the northern and eastern boundary
of the basin. This red bed is marked by sandstone, shale and

conglomerate of fluv1at11e dep si S.
Tertiary Rocks
The Tertiary sediments called Krabi Group(EGAT 1986} is divided intb

six formations: the Bang Pu Dum; Pakasai, ¥hlong Siat, Khuan Muang, Tha

Nun and Huai Khram Formations in ascending order (Fig. 6-11).

Bang Pu Dum Formation

This is fhp.iowést unit of the Krabi Group and unconformably overlies
the pre- tertlary basement rocks. This formation consxsts of reddlsh
brown and’ gray claystone. 31ltstone and sandstone in the lower portlon
whlle,the upper portion is made up of greenish gray to gray claystone,
sandsfoﬁe, limestdne; carbbnaceous ciaystone and'SEveral iignite seams.
The thickness is at least 150 meters. The lighite éeams thicken
towérds the central part of the basin. Although the stratigfaphy of
the coal zone varies markedly, the two dlffersnt types of coal zone can
be summarized by Longworth -cMPS engineers in 1981 as £0llows (Fig. 6~
13}:

Wai Lek Type is fairly uniform seam of gobd quality lignite witﬁ-
thickness about 15-20 meters. It has steeply dipping (30-45
4 degrees) in the west and extend'downdip with less steep. The.

associated sediment are gray calcareous claystones. .
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Bang_ Pu Dum Type is a more shallow, gentle dipping, splitting

seam and lower quality with thickness about 10 meters. The
associated sediments are generally more sandy and contain

varicolored clay.

Pakasai Formation

This formation consists of claystone and laminated shale, gray to
greenish gray, calcareous and fossiliferous in some parts. Coarse
grained sediments, sandstone and:siltstone cccur as interbeds at the
west to the mine, meaning the change in environment of deposition in
these parts. This formation is 10 to 50 meters thick at the ﬁorthefn
and northwestern parts and thickens toward south, inCreasing to more
than 200 meters st the north of Krabi Mine aﬂd rapidly up to 450 meters

around the mine.

‘Khlong Siat Formation

This formation consists of well compacted gray claystoue, fine grained
sandstone and f085111fer0us Limestone around the northern edge of the
main basin and gradually change to poor compacted claystone and shale
toward south. The central ahd_eaétern parts.haVe more silty and sandy

rack facies in part. .This formation is about 100 meters thick.

Khuan Muang Formation

This forﬁatioﬂ is made up of gray to greenish gray claystone,-fossili—
feréous with siity claystone and sandstone  in some part. This
formation has a thickness of about 100 _meters unlformly throughout the
basin and is a good key marker for stratigraphlc correlation of

Tertiary beds,

Tha Num Formation

This  formation 1s composed of gray to brownish gray claystohe,'
sandstone, siltstone, intercalated with thin lignite layers at the
northern part of the basin and gray to reddish brown claystone,

intercalated with fine to coarse grained sandstone at the southern part
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of basin, This variation of lithology represented the lateral change
of depositional condition during the sediment of this formation. This

formation is about 100 meters thick.

Huai Khram Formation

This formation is made up of brown to gray clay and claystone with some
sand and gravel in some part. The thickness of this uppermost
formation varies greatly from a few meters in the southern part up to

100 to 150 in the northern part.
(i) Quaternary Rocks

3 Quaternary deposit covers all over the Krabi Basin. In the north, it
is composed of unconsolidated sediment: clay, silt and sand with some
gravel in old channels, whereas, in the south, it consists essentially
of estuarine, mahgrove, mudflat and flood plain deposits. The northern
part hes a thickness of less than 10 meters, which the thickness in the

southern part of the basin varies approximately from 20 to 50 meters.

'8.3.3.2 Coal Deposits -

" The Krabi basin has five main coal deposits in the Bang Pu Dum Formation at
the central area: Xlong Tone, Bang Pu Dum, Bang Mark, Wai Lek and Mu Na
deposits(Fig. 6-10).

Electricity Genefating'Authority of-Thailand(EGAT) is runhing the open-pit
mining at the Bang'ﬁark and Wai Lek deposits for providing lignite to their
miﬁe-moqth power. plants(75MWx2). The Bang Pu dum pit has been mined out
recently. Theé Klong.Toné deposit is planned to be developed for supply
lignite to the JICA A-FBC coal-fired power plant. Detailed description of

each formation will be-diséusséd_in foliowing passage:

-Klong Tone deposit (Fig. 6-14 and 6-16)

EGAT_plans:to provide 20 tHousand tons per annum of Klong Tone coal for the

A-FBC power plant. This deposiﬁ is ibcafed in the west limb of a fold. Its
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areal extension is more than 1.3 square kilemeters. The total thickness of
coal layers in coal zone varies from 10-25 meters near subcrop to 5 meters in
deeper part with average about 8.0 meters. The central part has a general
téndenﬂy'to yield many partings in the coal zone, where total thickness of
these partings is 20 meters., In southern and northern partings, the parting
total thickness is about 5-10 and 5-15 meters respectively. The ratio of coal
and parting is:.about 1.34:1. The coal zone is classified as "Bang Pu Dum
Iype.” Subcrop of coal zone cropé out along the eastern limitation of the
deposit with its width 75-100 meters and its total length about 3.0

kilometers.

The coal zone strikes NNW and its dip varies from about 10°-20°, Around the
southern boundary, the bedding trends NW and dips NE, while northern area are
connected to the Bang Pu Dum deposit with changing strike as EW and dipping

to ﬁorth. Only few antithetic faults are observed near subcrop area.

~Bang Pu Dum deposit -

This deposit is located in the east limb of a fold and consists of EGAT's
existiﬁg Bang Pu Dum pit and the surrounding area. The deposit, however, has
almost finished mining: Tts areal extension is about 2 square kilometers.
The total thickness of coal lajers in coal zone varies from less than 5 méters
to more than 25 meters with.aveiage about 12 meters. The thickness varies
NNW-ward. The parting total thickness varies from less than 5 meters to more
than 20 meters. - The coal zone is classified as "Bang Pu Dum Type." The
ratio of coal and parting-is about:S.lQ : 1, Subcrop of coal zone crops out
along the western limitation of the deposit with its width from 50 meters to
100 meteré-and its total length abouf 3.0 kilometers;

The coal zone strikes NNW and its dipé t0 NEE with dip angle about 10°.20°,
In the nbrthefﬁ'part, the bédding shift its strike as EW and connects to the
Klong Tone deposit. There are observed two antithetic faulting systems with
trendiﬁg direction as NE and NW at the western portion near subcrop area and
southérn portion. : Subcrop of coal Zone is exposed along the western
limitation'of the deposit with-its width frqm 50 to 100 meters and total
length. about 3.0 kilometers. The outcrop of coal zone is repeated by

faulting.
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Bang Mark deposit

This deposit is about 0.5 kilometers southeast to the Bang Pu Dum deposit and
its aerial extension is more than 1.5 sduare kilometers., The total thickness
of coal layers in coal zone varies from 1359 than 5 meters in the southern
part to more than 30 meters in the central part with average about 17 meters..
The coal zone is classified as *Intermediate type" between "Bang Pu Dum Type"
and "Wai Lek Type." The southern part has a general tendency to yield many
partings in.the coal zone. The total parting thickness Qaries froim less than
5 meters in the nortbérn part to more than 35 meters in the southern part.

Coal and parting is in the ratio of about 2.89 : 1. ‘Subcrop of coal zone
crops out along the western limitation of the deposiﬁ-with its width about 50

meters and length about 2.5 kilometers.
The coal zone strikes NNW and dips about 30 degrees. NEE.. The northern and

gsouthern boundaries are vague. Two small faults are known in the central

part, whereas three larger faults are observed in the northern part.

Wai Lek deposit

This deposit is to the south of thé Bang Mark deposit. EGAT’s éxisﬁing-open
pit‘is'going in the deposit. 1Its areal extension is more than 2 square
kilometers. The total thickness of coal layers in coal zone f&ries from 20-25
meters near subcrop to about 5-10 meters in deeper part with average about 15
meters. The total coal portion thins ‘at the northern and southern parts.

The coal zone is c13391fled as "Wai Lek Type.“. The deeper. part has a general
tendency to yield many partings in the coal zone. The total partlng thlckness
varies from less than 5 meters near subcrop to more than 20 meters in the
southern part.  The ratio of coal and parting is about 3.9 : i, Subcrop of
coal zone crops out along the western limitation of the deposit with itS'widtﬁ
from 50 meters on the north to less than 30 meters on the south and its total

length about 2.0 kilometers.
The coal zone strikes N5 and its dip varies from about 30 ‘degrees E near

subcrop to 15-20 degrees E in the deeper area. ' There -are observed eight

faults in the central part of the deposit.
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Mu Na deposit

This deposit is to the south of the Wai Lek deposit. Its areal extension is
more than 0.4 square kilometeré. The total thickness of coal layers in coal
_zone varies from more than 10 meters in the northern and southern parts to
about 5-10 meters in the central part with avefage about 8 meters. The total
coal'portion'thins_&t the northern and southern parts. The coal =z=one is
classified.as “Wai Lek Type." The splitting in coal zone occurs in the deeper
area., The average total parting thickness is about 2.15 meters. The ratio
of coal and parting is about 3.92 : 1, Subcrop of coal zone is traced along
the western limitation of the deposit with its width less than 25 meters its

length about 1.0 kilometer,.

The coal zone strikes NNW and its dip varies from about 30 degrees NNE near
subcrop to 20 degrees NNE in the deeper area. The northern and southern
boundaries are vague. There are observed eight faults in the central part of

the deposit.

6.3.3.3 Structure

Krabi basin is characterized by folding system(Fig. 6-12); anticlines run
north-south direction at the center of the east and west blocks and plunge
toward north; synclines having curved axes occur at the east part of the east.
block. The marginal fault runs along the east margin of the basin and dips
to the west. Tertiary rocks are in fauit contact wiﬁh pre-Tertiary basement
rocks along this fault. There are some NE-SW faults between the Bang Pu Dum
deposit and the Bang Mark deposit. In each coal deposit, several faults are

observed but seem not to be obstacles to the mining for the present.

6.3.4 Coal Reserves
Feasibility Study on Krabi Mine Expansion Project for Power Plant Unit &,

February 1988, shows the geological and economical minable reserves of Krabi

Coal Deposit respectively as follows:
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* Geologicél reserves with 702 ash cut-off.

Measured ..... 83 million tons
Indicated .... 37 million tons
Total ......., 120 million tons

*# Economical minable reserves

20 million tons
Geological reserves are calculated on the basis of total 1,437 boreholes by
using the computerized evaluation system of EGAT coal exploration,

Geological reserves of each deposit are summarized in the following table.

Table 6-6 Geological Reserves of Krabi Coal Deposit

Reserves . ' . Ave. Specific

Deposit Measured Indicated : Total Eﬁergy'
{1,000t) (1,000t) (1,000t} (kcal/kg),

Klong Tone 13,504 11,317" 24,821 1,611
Bang Pu Dum 27,056 - 27,056 2,001
Bang Mark ; 14,9.28 7,652 22,580 2..04'3.
Wai Lelk 24,624 18,208 42,832 2,237
Ma Na 3,500 - 3,500 1,924
Total 83,612 37,177 © 120,789 1,815

* : Indicated Reserves of.Klong Toﬁe'and Bang”fu Dum could not-be

separated due to their continuously geological structure

_The economic minable reserves of 13,28 million tons shown in Table 6-7 are
more conservative than aboveimentioned 20 millién “tons. It was also
calculated by EGAT for studying the potential of the supply of Krabi lignite

to a new coal fired power plant.

The Klong Tene deposit are sufficient for the supply to provide 200 thousand

tons per annum to the new FBC power plant.
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Table 6-7 Economic Minable Lignite Heserves

Deposit Reserves Ave. Specific
Proven Enexgy
(1,000t) {keallke)
Klong Tone 5,000 2,240
Bang Pu Dum 5,000 2,450
Bang Mark 2,300 2,700
Wai Lek 980 2,700
Mu Na o - -
Total 13,280 2,430

6.3.5 Coal Guality

Generaily, quality of Krabi coal varies greatly area by area, the Wai Lek
déposit shows relatively the highest quality (average Net Galorific Value
2,236 kcal/kg) and the Klong Tone deposit presents relatively the lowest
quality (average Net Calorifiec Value 1,810 kcailkg)'among five deposits in
Krabi area. Table 6-8 and 6-9 summarize quality of Krabi coal. Quality of
. coal in the Klong Tone deposit, which is planned to supply the total 5 million

tones to the A-FBC power plant for 25 years, is summarized as follows:

Net specific energy: Ave. 1,610 Max., 2,404 Min. 924 (Kcallkg)

Net specific energy around the subcrop area(eastern part) and the southern
area is relatively higher than one of the western and northern parts of the
area.

Ash content: Ave. 42,757 Max. 54.462 Min. 25.64%

The subcrop and southern sides show relatively lower ash contents than the
western and northern sides. Generally, ash content of Klong Tone lignite is

relatively the highest among five deposits in Krabi Basin.

Moisture content: Ave. 24.22%1 Max. 27.51% Min. 21.47%

The northern side exhibits relatively lower moisture contents than the
"southern side. Generally, moisture content of Klong Tone lignite is

relatively the lowest among five deposits in Krabi Basin.
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Table 6-8 Coal Quality Distribution in Krabi Basin

6 - 60

Paraneiers Klong Tene Bang Pu Dup Bang Mark
{as received) Wax Hean Kin Kax Wean Kin Baxs | Wean Kin
Net Specific Energy 2,484} 1,610 924 1 29718 | 2000 -1, 1624 3. 1144 2,047} 1. 412
{kcal/ks) - _
Ash Content A, 461 472.75| 25.64 1 49.73| 36.32 | 19.69 | 41.42] 33.7¢ 17.23
1% ' - :
L_ﬁoisture Content 2050 24.22| 21,47} 3016 25.91 | 22.6) 30.85 | 26.844 24.63
e "1 : .
I Sulphur Content 2.500 1.94 1. 44 504 2.1 0.80 — — —
{%) - dry basis C .
Relalive Densily 1.7% 1. 61 1. 46 1. 449 .55 1.33 §.59 1. 49 1.30
{g/cc) -

Parameters a1 Lek Hu Na 3 Tolal '
{as received] Hax Hean Kin Max Nean Min ¥ax Hean Hin
"Net Specific Energr 3,273 2,236 L. 614 | 2,449 1,924 1,535 3,275 101,976 924
: C{kcal/kg) 1 B - :
| Ash Conlent 47.59] 3059 14.46] 41.367) 36.3%] 29.27) 54.46) 36.45) -14.46

(%) - . i RN
Heisture Content 3611 27.65 1 24.41 0 237741 26,6610 25.791 31.67) 26.141 21.50
(%) B
Suiphur. Content * - — — — — — 5. 14 1.-95 0. 80
{%) - dry basis : )
Relative Densitly 1.59 1. 45 1,264 1.60 1. 54 .43 175 1.53 | 1. 26
N 7419 ' 1 _
¢ Sulfur conlent of Bapg Mark, Wai Lek and Mu Na
were nol mode]led due to low density of data
after Feasibility Siﬂdy on Krabi Bine Expansion PrOJect for Power Plant Unit 4, ?EhﬂIQBB




Table 6-9  Coal Quality of Each Deposit in Krabi Basin

Baramelers f{as anal.} t hlong Tone ! Bang ¥u Dun { Bang bars
Proximale hnalyvsis i)
Koisture 10. 00 10. 20 10.20
Ash §6. 30 43, 80 £3. 03
' 25,00 24,67 24,77
FC. 18.70 21. 33 21. 00
Nel Calorific Vale 1,670 3, (04 2,925
{kcal/kgl
Relative densily 1. 83 1.8 1. 78
Gltimale Analysis {daf %)
Carbon 28.00 30. 40 30. 56
Hydrogen 2,37 2.93 2. 53
Nitrogen 0.75 0. 86 0. 77
Sulphur 3. 76 .20 3.03
Chlorine 0. 01 0. 01 0. 93
- Carbonale 0.19 0.19 1 0. 29
Sulphur. {adb %) 3.76 3. 3.03
Ash Analysis (%)
Si03 55.70 55. 75 56. 55
A1203 23,20 24.10 23. 60
Fe203 9,28 9. 2% 7.67
Cal 3,30 2.51 5.50
gl 2.16 2.42 2.34
Tio2 6. 74 0. 83 0. 81
Na20 0.1¢ | 0.23 0. 26
K20 2.34 2,48 2.35
P205 g.12 0.15 0. 11
304 0.06 0. 0% 0. 07
503 2.32 1. 66 2.18
Ash Fusion Temp. { ° C)
Deformation 1, 287 1,190 1, 250
- Sphere 1,327 1, 380 1,325
Hemisdhere 1,386 1,395 1, 330
) Flow 1, 403 1, 445 1,400
Trace Element Apalysis
] {ppm) 54.4 39.8 35.3
F : 332. 0 407. 0 349. 0
B 64. 0 T1.5 £83.0
. . As 69. 0 73.0 $9.5
Hardgrove Grindability '
Index (HG]) 51135} 79{39) 69 (41D

Remarks: This amaiylical data were analysed in Ausiralia by ACIRL.
Three samples from each deposit were collecled .

after Feasibility Study on Krabi Xine Expansion Project {or Power
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Sulphur content: Ave. 1.94% Max. 2.502 Min. 1.442

The eastern side around subcrop shows relatively higher sulphur contents than
the western side. Generally, sulphur content of Klong Tone lignite is

relatively lower than one of Bang Pu Dum lignite.

6.3.6 JICA Works in Krabi Mine

JICA Sin Pun A-FBC Coal-Fired Thermal Development Project carr-i_ed out five
large-diameter cored drillings in order to collect bulk samples of Krabi coal
for combustion test in Japan. Three of five holes Were”conducted at Kiong
Tone deposi.t and two holes at Bang Mark deposit (Fig.'6«15). Total five ton

coal samples were éhipped to Japsn from Bangkok in March 1992.
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6.4 Mining Plan
6.4.1  Power Station Coal Requirement

The energy requirement of a 150 MW FBC-fired Power station using Sin Pun coal

and Krabl coal are estimated as follows.

Capacity of plant 150 MW
Schedule Annual Hours 365 x 24 = 8,760 hours
Annual plant factor 802
Anmual average hesat fate 36.42
Operation peridd 25 years
Coal quality Sin Pun coal 2,787 kcaljkg
(Blending case 2,795 kcal/kg)
Krabi coal 1,6D0 kcal/kpg
Average 2,556 kcal/lkg
Coal consumption rate '
Sin Pun coal 80%
Krabi coal 202

. Coal consumption per hour
(860 x 150 x 1,000) + 0.364
354,395,604 + 2,556

ii

354,395,604 kcal [hour
138.7 tonfhour

1

Coal consumption per. year

138.7 x 24 x 365 x 0.8

[

972,010 ton/year

Sin Pun coal 972,010 x 0.8

777.608 ton/year
_800,000 tonfyear
194,402 ton/year
200,000 ton/year

i

Krabi coal 972,010 x 0.2

f

il

The energy demand for 25 years will require the mining of 20 million tons of

coal from Sin Pun and § million:tons from Krabi.

The coal for the 150MW power station is.planned to be supplied from three coal
deposits: two in -Sin Pun Field and another in Krabi area. It is necéssary
to blend those coal in order to pfovide the stable coal as possible and then

to build the mixing equipment in the power station site.
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6.4.2 Mine Design Criteria and Scheduling Parameters

Design Ctiteria used in the estimation of mining quantities and equipment

productivities are listed below:

Coal Density - 1.4 ton/m’
Waste Density 2.25 ton/m?
Overall Lowwall Angle .1o0°
Overall Highway Angle - 15°
Overall Endwall Angle 12¢
Bench Height . 5 meter
Haulage Ramp Grade 10z
Rolling Resistance - near face - 62

_ - main haul ;oads' 3z
Haul Track Speed Limit : ' o © 40 kmfh
Swell factor df.all material into equipﬁent 1.43
Swell factor for waste dumps - long term 1.20-
Overall dump slope angle 1:6.25

The mine design criteria used for the proposed "truck & shovel mining system"
was reflect practices in operation at EGAT's Mae ‘Moh and Krabi mines. So
these criteria are bgsed on the long experience of EGAT and reliable figures

for mining plan.

Scheduling Parameters on coal mining and waste removal are as follows:

Scheduled hours pér day 20
shifts per day | - 2
Hours per shift - ‘ ' 16
Effective hours per shift ; 8.75
Scheduled days per year 365

6.4,3 Selection of Mining Method

A standard strip mining teéhniqueﬂhaé been planned.  ‘Mining will commenpe'in_
each pit with a boxcut excavation along the coal subcrop. overburden removal
will proceed in successive horizontal benches of 5 meter height to depth of

about 70 meters.
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The waste will be hauled up face ramps on the highwall or endwall to surface
dumps located off coal but as close to the pit limits as possible. This

Mining Method has got in each coal mine such as Mae Moh and Krabi.

Provision has been made for all of the material to be drilled and partially
blasted to allow high loading productivity, if necessary. But there is a

possibility to increase the dilution into the Lignite by these blasting.

The potential to incorporate some input dumping must be considered in the

detailed mining study.

serious consideration is necessary for back filling, because sometimes the
back filling will be the reason of the sliding at the waste disposal area
especially in rainy season. It is reported that the relatively high average

rainfall of 2,064 mm/year.

6.4.4 Economic Minable Resources and Mining Area

The EGAT study on 100MW power station shows that '17.1 million tons of coal are
required and can be supplied entirely from Sin Pun Area. Coal resources with
measured in rank and proposed production of each deposit are shown in Table

6-10.

Taeble 6-10 Coal Resources and Planned Production in Sin Pun Area

Deposit Measured Production Waste Strip Rﬁtio
(MT) _ (MT) (Mm®) :
Bang Sai 10.03 6.60 25,59 ~ 3.88
North Kuan Klang 17,22 7,23 35.49 4.91
_Soﬁth_Kuan Klang 5.3 327 1368 4.18
Total = 32.58 . 17.10 74.76 C o 4.37

In case of 150 MW power station, Economic Ratio Analysis indicates that the
break even point is $10/Gcal and 25.million tons of coal are required during
25 years. The Economic Minable Résources_within $10/Gcal is shdwn in Table
6-11 as 25.2;million_tons: 20.1 MT from Sin Pun (Fig. 6-18) and 5.1 MT from

Krabi. This means that Sin Pun and Krabi_areas‘have still much economic coal
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resources enough to supply 25 million tons to the 150MW power station.

Details of the resource for each deposit are shown as follows:

Table 68-11 Resources of EMR $10/Gceal or Less

Deposit Measured ($f%fé:;1) %
Bang Sai - 10.03 8.5 = 54.7
North Kuan Klang 17.21 7.1 41.3
South Kuan Klang 5.34 4.5 84.3
Subtotal(Sin Pun) 32.58 20.1 61.7
“Klong Tone (Krabi) 1 14,93 5. 34,2
T Total 41,51 2s.2 53.0

It is better to say that 3 million tons of the difference of about 8 million
tons between 150 MW (25 MT) and 100 MW (17.1 MT) power stations should be
mined from the Bang'Sai and South Kuan Klang deposits in Sin Pun Basin and 5

million tons from Klong Tone deposit of Krabi Mine.

It is assumed that the strib ratio in both areas of Bang Sai, North Kuan Klang
and South Kuan Klang could be less than 5 to 1, even if more than 20 MT of
coal is mined from these three areas in Sin Pun Area. The strip ratio of
almost all economic minable reserves at the Kiong Tone deposit of Krabi Area

is also less than 5 to 1.

From the results of ER analysis of Sin Pun deposit, it is estimated thaf 20 MT _
of coal will be suppiied to the 150 MW power station with less than §10/Gcal

of break even point. (Fig. 6-18)

It is considered that mining sequence should be proceeded as follbwing'basis
for a better combination. First‘Bang Sai and Scuth'Kuan Klang areas in Sin
Pun field and Klong Tone deposit in Krabi will be mined at the same time,

then North Kuan Klang will take a place after South Kuan Klang is mined out.
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Fig.6-17 Mining Order
i 5 10 15 20 year

Bang Sai Deposit

South Kuan Klang PN A Y S MY

North Kuan Klang

Klong Tone

The mining sequence is as follows:

Bang Sai : 25 years x 340,000 T/y

South Kuan Elang “1G years x 460,000 T/y
North Kuan Klang 15 years x 460,000 T/y
Klong Tone (Krabi) 25 years x 200,000 Tfy

Reasons for the above scheme are based on,
* Goal quality is almost the same in individual areas of Sin Pun field.
+ Land purchase should be minimized.

* Bang Sai area is the most economic to mine and is mined through a mine
life.

6.4.5 Mining Development Schedule

The operation of the new power plant is expected to start in the later part
of 1996. Prior to the start, the test burning and tuning of FBC boiler are
required. ConseQuéntly-the supply of lignite is essential at the time of this
test burning. The overburden removal should begin three months prior to coal
getting (intluding.téét mining) and also the well construction for drainage

should start the further prior year.

. As some mining”équipmeﬁt'(Heavy Equipment) take longer delivery time, it is
necessary to pbnsidér the order time very carefully. The construction of mine
Iroad and surface facilities shall start after the agreement of Local residents
is obtained. Tt will be the most difficult matter to get a mining pérmission
and to successfully negotiate with the local residents after F/S is completed.
The schedule of mining development is indicated in the following Figure (Fig.
6-19},
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Fig. 6-19 Development Schedule of Mining

1892

1993

1994

1935

1396

1997

[8in Pun Areal
Peasibility Study
Dulailed Design & Tender Docugent
Preparation Work
Hining Permission
Land Purchase
Village Reset
Load Construction
Camp Construction
SuifFace Facilities
Water drainage
Urder_&_Purchase Equipzent -
Site Preparation
0/B Remaval
Test Hining
Coal Gelting

{Krabi Area] -
0/8 Remaval
Test Nining
Coal Qetting

| power Plant Tuning
Poxer Planl Operation
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6.5 Economic Evaluation
6.5.1 Real Average Cost of Production
Real average cost {including contingency) of US$'22.63]t or US§ 8.04/Gcal was

calculated for the supply of 17 MT of coal to a 100 MW power station at Sin
Pun by EGAT as follows:

{$/t of coal)

Land Purchase & Village Resecttlement 4,20
Power Supply & Roads 0.19
Grand-water Control 1.58%
Administration _ "1.39
Mine Operation 14.51
Reclamation ' 1,19
Royalty Payment 0.57
Total cost of coal Supply 22.63

22.63 5/t = 8.04 §/Gcal

* 1 Now existing Krabi mine is operated only by direct drainage
method of using pumps, So the probability of well drilling
for pumping out may be estimated a little and then the cost
of production will be lower than the above-mentioned cost.

6.5.2 Calculation of Levelized Cost

" JICA team has calculated a Levelized Unit Cost for two cases of 100 M¥ and
150 MW based on the Total cash outflow for the case of 100 MW calculated by

EGAT. The magnification of each itém was assumed as follows:

Develépméht o 1.1
Waste removal _ 1.8

Coal Mining & Parting 1.5
Maintenance Service 1.5
Reclamation _ 1.3
Royalty Payment 1.5
Another 1.0
Contingency 152 & 202
Discount Rate 102 '

The calculation has resulted in here under:
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Table 6-12

Levelizad Cost

Contingency 202 202 152
The power station capacity 100 MW 150 MW 150 MW
Production {x 1;000 tonfyear) 667 1,000 1,000
Total Production 16,675 25,000 25,000
(25 years x 1,000 ton/year)

Total cost (25 years x 1,0008) 301,647 h72,785 £53,086
Average Cost ($/ton) 18.0% 18.91 18.12
Levélized Cost {§/ton) 21,37 21.23 20.35

The above study has concluded as described below:

(1)

(2)

(3)

The fuel cost does not differ magnificently in the long-term view

regards of the capacity of the power plant.

The site cost comes to US$ 20.35 (US$ 7.98/Gcal) in case of the whole

fuel be furnished by 8in Pun coal while it turns to & little higher
cost (about US$ 8.8/Gcal) in case that 20%Z of Krabi coal is blended.

The fuel cost is estimated at below USS 10/Gecal in any case.

The average cost climbs in line with the increase in the fuel
consumption while the proportion is not big. The levelized cost is
converged to about US$ 20 in the 16ng term period of 25 years. Table
6-13a, 6-13b, 6-13c and Fig. 6-20.

Mining cost varies in some countries as figures. (Fig. 6-21)
According to EGAT's calculation, Ltand Purchase and Village Resettlement

cost at ‘US$ 4.20/t (292 of the cost) and Average Cost of US§ 18 does
not belong to the higher tier.
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Table 6-13a
TOTAL CASH. OUTFLOW
POUER PLANT LOOMYW
CONTINGENCY 20%
DISCOUNT RATE 10%

(DISCOUNT 10%) -3
A. DEVELDPHENT §.709
8. ADRINISTRATION 0
G. VASTE REHDVAL 0
D. CIAL NINING & PARTIHG 0
E. PIT SERVICE 445
F. SURFACE FACILITISS 57
G. WAINTENANCE SERVICE : 0
. RECLAKATION 0
I. ROVALTY PAYNENT 0
SOBTOTAL 1,21
TOTAL CONTINGERCY £.082
GLAND TOTAL 8,293
PRODUCTION { % 1,000 ton)
COAL PRIGE 21.37 Us$
REYENUE
CASH FLOW -8,29
0%
beF 1.508 1
¥PY(i= 108) -3,293

-2 -1
5,311 5,311
200 153

¢ 8.740

9 0

89 3,106
471 871

0 1,941

o ]

0 0
6.47T1 18,432
971 2.231
7.442 20,683
7,442 -20,663
0.909 0.828

-6,7685 -17.077

§,036
558
1,485
4,931
530
LER]
Jr2

114

460

14,562
1,854

16,413

867 -

Z1.37
I4,254
-2,15%

0.751
-1,622

3

690
1,485
1,383
354
133
37z
Eld
400
5.364
667

6,031

667
21.97
14,254

8.223

a.883

5.616

627
690
1,485
1,313
530
£33
372
14
400
5,664
128

6,392

567

21.37

14,254

7,862

6.621
4,882

4 5 5 7

3 3 627 3

690 690 590 630
1,485  1.485 1,485 2.8
1,303 1,643 t.g19 L2313
530 1,218 530 854
153 311 133
a7z 3n e 477
114 14 114 14
100 490 400 400
5,040 6,062 4,170 6,599
534 116 778 790
5,674 6,798 6.948 7.8
657 667 667 BE7
21,37 28,37 20137 21,07
14,254 14,256 14,254 4,254
8,580 7,456 7,308 . 6.865
0.564  0.510 0.467 0.424
4,843 2,826 3.408 2,911

627
690
1,182
1,313
831
133
372

te

400
§,322
794

7.118

21.37
14,254
7,138

0.386-

2,152

178
13,934
2,908
1,305
133
1,030
114
100
20,500
2,292

22,892
667
1.3
14,254

-8,638

11.350
-3,028

4,360
1,228

11,138
867
21,37
14,254

3,068

2.319
77

627
16
3,514
1.380
1,248
200
604
b4
400
8,861
1,153

19,014

587

21,37

14,254

4,240

0.290
1.228

778
1,514
1.885
1,335

260

§43

14

100
8,876
1.151

10,027
667
21.37
14,254

4,227

0.263
1.113

1,130
178
3.314
1,715
1,245
260
1,040
114
iﬂﬂ
10,135
1,305

11,440
667
21,37
14,254

2.814

0.239
674

716
3.514
1.380
1.362

200

662

114

100
8,411
1,078

$, 487

§67

21.37

4,254

4,767

0.218
1,037

15 i6

3 813

716 168
4,928 5,505
1,380 1,380
1,209 884
200 200
553 1.033
14 108
400 aso
9.593 11.086
1.195 [,)85
10,788 12,471
667 667
.7 1.4t
14,254 14,254
J.466 1,783
6.198  0.130
588 321

17 18
3 439
760 150
3,810 8,058
2,815 1,948
1,794 1,292
200 200
622 558
108 108
380 380
10,492 13,843
1,297 1,645
11,789 15,488
667 667
2i.07 - 2L.07
14,254 14,354
2,465 -J,2
0.164 0.149
403

-183

760
§,638
£,380
1,693

200

604

108

380

11,166
1,158

12,521
667
21.37
14,254

1,733

0.135
234

29

760
3,514
2,885
1,484

200

662

108

380

9.996

1.238

11,234

667

21.37

£4,254
1,020

2]

138
760
4.008
2,000
1,000
200
90
104
180
9.587
1,130

10,717

867

21.37

14,254

3.53¢

0.112
395

22

186
4,080
1,509
2,800

200

00

IQB

380
9,651

1,148
19,793
66T
21.37
i4.254

3,455

0.102
151

23

T60
§.000
2,000
1,000

a0
1,200

tog

380

10,6561
1,248

11,892

66T

21.37

14,254

2,362

0.082
218

24

760
4,000
2,000
1,100

300

00

108

389
9.251

994

10,245

AVERAGE COST

667

21.37
14,254
4,009

0.084
336

25

3

60
4,000
1,500
[.080
300
500
168
380
8,851
946

9,497

687

21.37

14,28

4,787

2.975
163

TOTAL

18,748
19,088
105,904
17,509
31,316
6,329
17.612
2,70
9.810
268,607
23,040

301,547
18.09 OS$/T0%
15.675

CALCOLATION OF LEVELIZED ONWIT COST (8}

TOTAL COST 8,291 7,442 20,663 16,413 6,031 §.092 5,674 6,798 6,943 7,389 7,1i6 22,892 11,188 16,014 106,027 11,440 9,487 10,788 12,471 {1,789 15,488 12,52t 11,234 10,717 10,799 11,832 £0.245 9,497 301,647
HPY 8,293 6,785 17,077 12,331 4,119 3,969 3,203 3,488 3,241 3,134 2,744 8,024 3,565 2,901 2,840 2,739 2,085 2,134 2.243. 1,928 2,302 892 1,380 1,197 1,095 1,098 860 724 106,951
PRODUCTION ( x 1,000 ton) 887 687 G867 667 647 667 667 687 867 667 387 E67 867 66T 687 687 6867 667 667 .BB'I 667 867 iting 86T 667
LEYELTZED UNIT COST 21,37 USS/TO8 21,37 21,37, 2837 21.471 11.37 21.37. 21.37 21.37 2T AT 2097 2037 20.37 0 23T 43T 21.9T 21T 20,37 8.3 21,37 21.37 0 2197 2L1.3T 0 21.37 .37
ey 10,708 9,736 8,850 8,046 T,314 6.549 6,045 5,485 4,996 4,342 4,129 3,753 3,412 3,102 2,820 2,584 2,331 2,119 1,926 1,750 1,592 1,447 1,316 1,196 1,087 i0Q&,327
PROD (10% BISC.){ x 1,000T0H) 501 {58 114 77 342 ki3 283 257 234 213 £93 176 1650 145 132 120 108 95 %0 82 T4 54 §2 56 51
ACCUM, COST NPV 8,293 15,058 32,135 44,455 48,585 52,55¢ 55,757 59.245 62,487 85,620 68,364 76,387 79,952 82,853 35,493 88,232 99,297 92,431 94,674 95.802 98,904 £09,5%8 101,975.103.173 L4, 269 105,367 106,226 106,95]
ACCUM. PROO. (10X DISC}{ x 1,00070K) 501 957 1,310 1,747 2.990 2,401 2,884 2,941 3,175 3,387 3,580 3,756 1,918 4;051 4,193 4,310 4,422 4,621 4.61F 4,693 4,768 4,835 4,807 4,053 5,004
LEVELLZED COST (US$/TON) 88.73 50_19. 38.3¢  31.91 28.95 28.03 .48 23.2§ _ 24.086  23.80 23,04 22,76 22,53 22.24  12.05 21.95 21.85 21.88 21.82 21.71 Z1.G4 21,56  21.52  21.45  21.37
{thousand of doliers)
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Table 6-13b
TOTAL CASH OUTFLOW
POWER PLANT 150MY
CONTINGENCY 20%
DISCOUNT RATE 10%

-1 -2 N | ? 3 i 5 6 7 8 4 10 1" 12 13 H 15 1% 1 18 19 0 noon w0 2 2% TOTL
15089/ 10044 '
I.1 A. DEVELOPHERT 780 5,842 5,842 6,640 1 690 3 1 s 1 50 3 1 690 1 L3 1 3 900 3 3 T 43 1 3 3 TN T
1.0 B, ADKINESTRATEON ' 0 200 463 $55 890 690 GS0° 690 690 690 690 16 M6 196 M6 e 16 76 168 60 60 %60 . 160 760 180 180 10 60 19,058
1.8 €. WASTE HEHQVAL 0 0§23 2,673 2,673 2,673 2,673 2,67 2,070 4,707 3,208 25,081 5.325 6,325 6,325 6,325 6,325 8,870 9,809 6.858 14,508 10,048  6.326 7,200 7.200 9.000 1.200 7.200 18%.007
1.5 D. COAL KINING & PARTIRG 0 0 0 7406 L0 1,370 1.870 2474 2,739 1970 1.970 4,368 4,326 2,070 2,828 26T 2,070 2,000 2,090 4,223 2,822 2,030 4,8  3.000 2,250 3.000 1.000 2.250  71.864
1.0 8. PIT SEAVICE 145 88 3106 530 854 530 530 426 B0 854 831 1,305 1,362 1,246 1,335 1,245 1,362 .23 8B4 1,794 1,252 1,093 1,484 £,000 2,000 1,000 1,100 1,000 31.316
1.8 F. SURFACE FACIEITIES s w3 1m0 1 13 0% 1% 91 2000 00 20 200 200 200 200 200 200 20 200 200 200 300 %00 §.929
1.5 G. HAINTEMAHCE SERVICE 0 0 2,912 58 558 558 S5B G5B 558 76 568,545 6,160 S06 974 LSs0 987 830 1,550 930 987 908 993 1,050 1.050 1.800 00 150 26,418
1.3 H. RECLAXATION 0 9 0 M8 M8 M8 MB  MB M8 MB M8 M8 M8 M8 WE M3 us  ME  1e 40 M0 M0 M0 Me M40 M0 40 1o 3,827
1.5 1. ROYALTY PAYHERT 0 0 © 80 - 600 600 60D 600 600 600 600 600 600 600 600 600 600 GO0 585 &% &% §10 50§30 50 50 510 510 14118
SUBTOTAL T.882 7,002 26,326 19,242 T.623  7.991 7,305 B.495 8,750 9,821 8.837 33,349 14,835 12,960 19,180 14,671 12,478 (4,736 17,008 15.481 20,850 17.691 14,803 14,403 I4.174 16.474 19.974 12.974 193.988
TOTAL CORTINGENCY (20%) LAT6 1,400 5,065 3.848 1526 1,598 1,461 1,699 1750 1,964 1,977 6,100 2,967 2,52 2,638 2.9 2,496 2,97 2401 3,085 4,372 %538 2,961 2,881 2.835 5,295 2,795 2.505  78.79%
GLAKD TOTAL 9,458 8,400 30,351 22,091 9,155 9,500 8,768 10,094 10,500 11,785 10,864 40,739 17,802 15,553 15,876 17,806 14,973 1T.584 20,407 13,577 26,230 20,223 17,76¢ 17,284 17,008 18,768 16,168 15,568 472,785
AVERAGE COST  18.31 US$/TON

PRODUCTION { x 1,000 ton) 1000 1000 1,000 £,000 1000 1,000 1,000 1,000 1,000 1,006 1,600 1,090 1,000 - 1,000 1,000 1,000 1.000 1.000 1.000 £.000 1.000 1.000 1.000 1.006 1,000 25,000

COAL PRECE 21.23 U§$ 223 2120 2123 2023 2023 2133 2023 2123 2123 2023 223 2021 2029 223 2123 2123 2123 2123 2123 213 2123 2.3 223 223 2133

REVENUE 21230 20,230 20,230 20,230 21,230 21,230 21,230 20,200 20,230 2,230 21,2007 20,230 21,230 20,250 20,830 20,230 21230 21,230 21,200 20,230 20.230 21.230 21.230 21,230 21,230

CASH FLOM -2,458 -8,400 -30,331 -1.361 12,075 11,640 12,464 11,006 10,730 9,4i5 10,566 -19,509 3,428 5,677 S5.404 0,620 5,257 3,546 821  2.653 -5.000 1 3466 3.346  4.222  1.462 4,462 5,662

191 o

acF 1,100 £ 0.509 0.825 0.751 0.683 0.620 0.584 0.513 0.467 0.426 €38 0.350 0.319 0.230 0.263 0.239 0.218 0.19 0.180 0.16¢ 0.140 0.135 0.120 0.112 0.102 0.092 0.08¢ 0.978

RP¥(i= 10%) -9,458 7,639 -25,116 -1,398 8,48 7,228 7.036 5,663 5,005 4,006 4,003 -8,838 1,092 1,844 1,423 868 1.362 702 148 &M 143 0 426 41 428 135 3M 492 -25

CALCULATION OF LEVELIZED URIT €OST {B)

TOTAL cosT 9.453 8,403 30,391 23,091 9,155 9.530 8,766 10,194 10,560 11,785 10,664 40,739 17,802 15,553 15,826 17.506 14.973 17,684 20,407 18,577 26,230 21,229 17,764 17,284 17,008 19.768 16.768 15,568 472,785
hid) 3.458  T.639 25,116 17,348 6,253 5,950 4,948 5,23F 4,809 4,998 4,102 04,279 5,672 4,505 4,168 4,215 3,259 3,499 3,670 3,038 3,899 2,869 - 2.182 1,330 1,727 1.825 1,407 1,188 159,288
PRODUCEION { x 1,080 tom) t.0e0 . 1}000 1,000 1.000 1,000 1,000 1,000 1,000 1.000 1,000 1,060 1,000 1,006 1,000 1,000 000 . 1,000 iJﬂDD'. ],ooh. 1,600 f.000 [,000 1,000 1,000 1,000
LEVELIZED U¥IT COST 21.23 USE A.23 2023 2.2 2023 21.23 2R.2D 2023, 21,23 21,23 223 .93 2023 223 Bh2G 21.2d 21,23 2073 21,23 - 20.23 .23 2123 A.23 .13 2123 2133
RPY 15,950 14,500 13,182 13,984 10,894 9,904 9,004 8,185 7441 6,765 6,150 5591 5,082 4,620 4,200 3,818 3471 3,156 .2.869 2,608 2,371 2,15%  1.959  I,781  L.6!9% 159,26t
PROF (10% DISC.){ x F,00070H) 51 483 621 564 513 467 424 386 150 319 230 263 . 239 218 198 180 164 148 135 123 112 102 92 B4 76
ACCUN, COST NPV 9.458 17,097 42,213 69,562 65,815 f!.?ﬁg 76,707 81,348 86,847 91,645 95,956 110,238 115,907 20,412 124,580 128,795 132,083 135,552 139,222 142,260 146,158 145,028 150,210 163,140 154,867 158,691 158,098 158,286
ACCHK. PROD. (10% DYSCI( x 1,00070N) 51 1,430 2,055 2,620 3,133 3,598 4,023 4,403 4,760 5,078 5,368 5,831 5,871 - 6,088 6,286 6,466 6,620 6,718 6,913 7.038 7,18 T, M9 1,34t . T.425 7,502
LEYELIZED COST {(LiSs/to¥) 19,28 45,88 34.92 29,18 - 26.16 24.13  22.83 2i.78 2316 22.82 2243 22012 - 20,96 2169 21.56 .53 2146 2056 2156 ZL.49 21,43 2136 2.3 2029 2123

{thousand ef doliers)







Table 6~

13¢

TOTAL CASH OUTFLOW
POWER PLANT 150HW
CONTINGENCY 15%
DISCOUNT RATE 10%

3 -2 -1
150K%/ 100KY

1.3 k. DEVELOPNENT 7,80 5,842 5,842
1.0 B. AONINISTRATION o 08 463
1.8 €. WASTE REXUVAL 0 012,132
1.5 D. COAL KEXING & PARTING 9 0 0
1.0 E. PIT SERVICE 145 89 3.106
1.0 F. SURFACE FACELITLES 57 87! 871
1.5 G. MAINTENAUCE SERVIGE ] 0 2,812
1.3 H. RECLAKAT|0d 0 0 1y
1.5 E. ROYALTY PAYMEAT 0 0 0

SUBTOTAL 7.882 7,002 25,328

TOTAL CANTINGENEY {15%) 1,182 1,050 3,799

SLAND TOTAL 9,064 8,052 29,124

FRODUCTION { x 1,000 ton)

COAL PRICE 20,35 Us$

REVEHUE

CASH FLOY -9,084 -3,052 -29,124

10X

OCF 1.108 I 0.909 0.326

HPY(i= 10%} -9.064 -7,320 -24.970

CALCULATION @F LEVELIZED UXET COST (B)

TUTAL €OST 9,068 8,052 29,124

PV 9,064 7,320 24,070

BROPUCTEDX { x 1,000 ton)

LEVELIZED UNIT CoST 20.35 Uss

HPY

PRAD (103 BISC.I( x 1.B00TON)

ACCUH. £OST Npy 9,064 16,185 40,454

ACCUK. PROD. (10X DISC)( x t.000TON)
LEVELIZED COST {USs/T0M)

6,640
555
2,673
7,408
530
133
558
s
00
19,242
2,886

22,129

1,000

20.35
20,350

~1,712

0.751
-1.336

22,123

16,626

1.00¢
20.35
15,289
151

57,080
154
75.97

3

(30
2,673
1970
854
133
558
148
600
7,629

1.144
8,173
1,000

20.35
20,350

B 87T

8,773
5,892

1.000
20,35
13,899
BT

61,072
1,40
13.97

690
2,673
1,970
530
133
558
148

600

7,98t

1,199

9,180

1,600

20.35
20,350

11,160

9,180
5,708

1,000
20.35
12,636
821

68,779
2,055
3.46

¢ 5

3 3

690 690
1,613 2,673
1,870 24T
530 1,218
133 133
558 558
He 8.
800 - A0
7,305 B.495
.09 1,71
3,101 9,168
1,000 1,000
20,35 20.35

20,350 20,350

11,349 0,581

0.564 0513
£,745 5,430
8.400 9,768
.42 5,010

1,060 1,000
20.35  20.3%
1,487 10,443

504 1]

73,521 73,83
2,620 3,13
28.06  25.07

‘630
2.673
2,129

53¢

£33

538

18

600

8,750

1,313
10,063
1,040
20.25

0,350
10, 287

10,083
§.6%4

1,000
20,35
.49

487

83,228

3,599

212

690
4,707
1,920

854

133

718

148

600
9.8

1,413

123

1,000

20.35
20,350
4,056

1,294
4,730

1,000
26,35
8,630
424

88,008
§.023
21.88

8 9
699 3
690 716

3.208 25,081

1.970 4,158
331 1,305
123 133
358 1,545
H8 148
600 809

8,687 32,949

1,033 5,092
10,220 39,042
1,000 1,000
20.35 20,35

20,350 20,350
10,130 -18,692

10,220 19,042

3,940 13,684

1,000 1,000

2035 20.38
186 7,13
3|6 360

21,958 105,642
1,403 4,740
20.86 22,20

76
6,325
4,328
1,362

13
1,160

18

§00

14,835
2,225

17,060

1,000

2035

20,350
1,280

17,650
5,436

1,900
20.35
6,484

a9

111,078
5,078
21.87

£90
776
§.325
2,070
1246
200
906
148
§00
12,961

E.944
14,905
1.009

20.35
20,350
E.445

14,905
4,318

{.000
2.6
5,895

290

156,395
5,368

21.50

176
6,325
2,828
1,335

2060

974

M8

6oy

13,189

1,978
15,167
1,009
20,35

20,350
5,183

15,167
3,984

§.000
29.35
5,358

263 ..

119,189
5,831
21.20

1,243

176
fi,325
2,51

1,245

14,4871

2,201

16,872

§.000

20.35

20,350

3.478

0.239

16,872
4,039

.qon
20,36
4.312

239

3

116
6,325
2,070
1.362
200
993
l!d
600
12,478
1,472

14,349
1,600
26,58

20,350
6,001

14,349
3,123

1.000

20, 3%

1,429
218

123,428 126,561

5.871
21.63

6,088
20.79

3

716
8.870
2,070
1.238
200
B30
148
600
14,736
2,210

16,941
£.000
20.35

20,350

3,403

0.198

16,947
3,353

1,000
20.35
4,028

198

125,904

8.286

20.87

300
768
¢.909
2.01
884
209
1,550
140
585
17,005
2,551

9,557
1.000

20.35
20,350
193

0.189

19,557
3,517

1,000
20.3%
3.660

180

133,421
&, 456
20,53

180
6.358

" 200
413
140
570

15,481

2,322

11,803
1.000

0.35
20,350
2,547

t. 164

17,803
2,911

1,800
20,35
3,327

164

136.332
6,629
20,58

i8 19
483 3
760 740
i4,50¢ 1£,948
2.822 2,070
1,202 1,093
200 200
987 306
140 140
570 570
21,858 17.691.
3,279 2,654
25,135 20,345
1,000 1,000
20.35  20.35
20.350 20,350
-4,7188 5
0.143  0.135
-112 1
25,138 20,345
T1,737 0 2.749
1,000 1,000
20.35  20.35
3,025 2,750
143 135
140,069 142,818
5,776  £.912
20.67  20.66

20

760
6,328
{.328
1.484

200

$93

140
570
14.803
2,22

17.0M4

1,000

20.35

20,350
3,328

§7.024
2,091

i.000
20.35

2,500

- 123

144,903
7,036
20.460

2l

183
60
1.200
3,000

1,000

1.050
140
510

14.403

2,160

16,584
1,000
20.35

20,350

3,786

6.112

16,564

1.850

1,080 -

20.35
2,213
152

146,759
7,148
20.53

22

760
7,200
2,250
2,400

240
1,850
140
579
1,

2,126
15,300
1,040

20,35
20,350
£.050

0.102

16,300
1.655

1,000
20,38
2,066

102

148,414
7,49
20.47

3 2 25

160 760 TR0
$.000  7.200 7200
3000 3,000 2.250
1,000 L1000 1.000

200 300 300
1,800 a0 750

o idl 140

570 570 570
16,474 13,974 12,874
2,471 2,096 1,946

18,948 16,070 14.920

AVERAGE COST

1,060 1,600 1,000

20.35 20038 20.%%
20,350 20,350 20.3%0
1,405 4,280 5,430

6.092 0.084 0.076

18,945 16,070 14,920
i.749 L8 1,138

1,006 1,000 1,000
20.35 20.35 20.35
1,878 .707 1,552

92 B4 18

150,163 151,511 152,649
7,342 7.425 - 17,502
20.45 26.40 20,35

T0TAL

.64
19,088
183,007
11,864
31,318
5.329
26,418
3.621
14.715
393,933

39.093

453,086

EB.12 USS/TOR

25,000

453,086
152,649

152,653

{Lhousand of dollers}
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6.6

Conclusion

JICA team studied three documents prepared by EGAT: 8in Pun Coal Deposits
Geological Report (1987), Feasibility Study on Krabi Mine Expansion Project
Power Plant Unit 4 (1988) and S5in Pun Conceptual Mining Study_(lggr). 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'soo thousand

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

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

The conclusion is as follows:

(1)

(2)

. (3)

(4)

(3)

The basins of Sin Pun and Krabi.have enough reserves of lignite to

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

The quality of the lignite .is mot so stable. . Considering the
characteristics of the FBC boiler, the quality variation in the run-of-
mine pfodugt 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 S$in 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 Khuah Klang and South Klang Ku&n)
among the five depdsits in the Sin Pun Basin. JICA team reviewed the

study of EGAT and confirmed its suitabiliﬁy;

JICA team recommended the most rational and economic mining sequence

for supplying lignite to the 150 MW'powef plant; Thié_récommendation

has been accepted by EGAT.

Considering the geological condition, special mining methods or huge
mining equipment are not necessary. A truck and'shovel operation is
the recommendable mining method in most of $in  Pun Area. From a
viewpoint of . the hydrogeological study, it is impoftant to make a

effective water drainage planning as the mining is progressed.
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(6)

(7

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

and regarded as realistic,

In this Economic evaluation based on the 15% of contingency and 10%Z of
discount rate, Levelized Unit Cost is estimated about US5820 per ton
while Average Cost is about US$18 per ton. As Operation Cost is
calculated for the lengthy period of 25 years, Levelized Unit Cost will
be astringent to the certain figure (US$20). Economic Ratio is lower
than US5510 per Geal., These evaluations are carrvied out with estimated

parameters for 150 MW on the basis of the 100 MW case.
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7. Limestone Procurement
7.1 Thai Limestone Mina Stalus

Thailand is everywhere affluent in limestone. Especially around the planned
plant site are many limestone quarry candidates. Fig. 7-1 shows the

distribution of limestone in Thailand,

" The Thai economy has been growingrrapidly'since the latter half of the 1980s.
Commercial demand for cement has also been significantly increasing as a
result of active investment in new constructions in the Bangkok area, among
other reasons. This trend.has been-the cause of an increase in the production

of limestone.

In 1990, thé'total annual production of limestone in Thailand was about 19
‘million toms. Cement plants concentrate in the central area of Thailand
bécause of the large demand for cement there, and 1.6 million tons of cement,
slightly more fhan'SZ of total production, is produced in the southern area.
:Thé annual demsnd in Thailand for limestone purposes other than cement
production is only 0.18 million tons. Table 7-1 shows past limestone

-production records.

7.2 Present Status of the Thai Cement Producing industry

Accompanying a strong growth in the economy has been an increase in the demand
for cement. As a result, the supply of cement has been running shert in the
1990s, resulting in the actual price of cement being about 1.5 times the

official government price.

. To overcome this situation, the amount of cement importé has been increased,
‘and domestic production will have been significantly reinforced within the
next three'years.through a reinforéément of facilities -~ that is, new plants
will be established by the existing cement producing companies. Nevertheless,

the'demand and supply balance should be carefully watched for the time being.

"In the southern area, the Thung Song plant (46 km.east of the S$in Pun plant
site), owned by the SIAM Co., will be reinforced by 1.2 million tons/year.
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Table 7-1 .Pfoduction of Limestone in Thailand

{Unit : Thousand ton)

| 1986 1987 1988 1989 1890
1. Cement Industry
I Northern Region )
~ Nakhon Sawan 428 499 625 136 168
Central Region _
Phetchabur i 446 579 648 680 884
Sara Buri 1,770 9,448 | 11,844 | 13,362 | 16 319
Southern Region _ _ '
Nakhon Si Thammarat 961 865 984 1,188 1, 600
Total Production 9.605 | 11,391 | 14,101 | 15966 | 19,57
Value (M, Baht) 818.5 068.2 1,198.5| 1,357.1 1,659.3
2. Other Industries '
Northern Region
Kamphaeng Phet 3.5 8.4
Lampary 2.6 1.0
Sukhothai 42.5 47.0 30.0
Tak 1.8 12,0 9.5 | 189
Uttaradit under(. 1 0.1 0.2 4.0
Northeastern Region
* Nakhon Ratchasima 24,0 4.7 29. 1 46.8 50. 5
Central Region o ‘ |
Chai Nat 2.2 1.1 0.4
Kanchanabur i 0.3 0.2
Lop Buri 0.9 1.1 9.7 16.6 12,0
~ Prachuap Khiri Khan under(. 1 )
Ratchabur i 8.1 . 66.1 50.2 55. 3
Southern Region
Yala 0.3
Total Production 5.2 | 558 | 1644 | 180.0 | 175.8 l
Value (M. Baht) 0.6 39 14.0 15.3 15.0

Soutce ; MINERAL STATISTCS OF THAILAND
DEPARTMENT OF MINERAL RESOURCES
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This plant’'s capacity will reach 2.1 million tons/yéar once the new facilities

are completed this year.

Table 7-2 shows the existing cement producing facilities and reinforcement

proiects.

7.3 Power Plant Limestone Procurement

Thai limestone has prdved to be a desulfurizer for FBC boilers. This resulted
from chemical component analyses and differential thermal analyses conducted
by the Japan side of limestone produced around the potential site of the power

plant. A bench-scale combustion test was also of factor.

The projected 150 MN.class FBC boilsr will consume limestone at the rate of
b.é millioﬁ-tons/year, but as hbted above, annual produétion of limestone in
the southern area is only about 1.6 million tons. If- some. limestone
originally intended for use in the cément industry is procured by thg power
industry, the-limestone market wiil go through some problem times and users
will suffer from price appreciation and the imposition of séverér'puxchase'
terms. We therefore propose that new limestone mines exclusivély intendéd for
p;ddﬁcing desulfurizer be developed near the planned plant site, a move that

would also contribute to reducing transportation costs.

From the pilot combustion test, it is confirmed that the particle size of
limestone below 3 mm is preferable for the desulfurizer. From the erushing
machine characteristics, the hammer crusher type is recommended to adopted.

Fig., 7-2 shows the outline of the crushing machine andrcapacity.

Table 7-3 shows the estimated price of limestone to be 160 Baht/t with

particle diameters of 3 mm or less.
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Table 7-3 Limestone Price at Krabi Site (without Escalation)

Baht/t Remark
.. |
Raw Material 123 Yod Po Sila Quarry Price
1 - 2 inch 250 Baht{m®
3f{4 inch 260 Baht /m’
1.8 - 2 - ton/m’
Assumption :
220 Baht/m® ------ > 123 Baht/ton
(450 mn x 250 mm) (1.8 t/{m®)
Transportation Cost 22 . 2 Baht/t-km x 11 km
Crushing Cost 15 |10Z Discount Rate
Crusher 60 Million Yen
Electiicity 800 kW/150 t
Maintenance Cost 1.8 Million Yen/y
Operation Cost 2818 kB/y
(Two shift three group)
Total 160




Bucket Elevator

Hommer
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- Performance of Ctuéﬁe:
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Size of Liﬁestone 250 x 450 mm max. |3 mm under (1;5 mm under 85%)
'._Capacity 80 t/h
Electricity Consumption - 400 k¥

Fig. 7-2 Outline of Hammer Crusher and Capacity
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8. Bench Scale Combuation Test
8.1 General

Sin Pun lignite has several different features compared with the coal applied

in the 50 MW demonstration plant in Japan, as follows;

i. Low heat value not more than 3,000 kcall/kg as received low heat

value base.

ii. High sulfur content with the value from 3-9% and the mean value

of the sulfur content among the recoverable reserves is 7%.

iii. High moisture content more than 30Z as received base, and

inherent moisture content is 10-15Z.
jv. High ash content more than 202.

Due to the high sulfur content $in Pun lignite under the low heat value, the
sulfur oxidize (herein after SOx) would be emitted in the flue gas with the
density of 10,000 ppm by the pulverized coal fired power plant and this high

density of 80x gas requests the special treatment in the boiler,

However, A-FBC, which was demonstréted with capacity of 50 MW in Japan, can
combust the $in Pun lignite because of the low combustion temperature as of
850°C and in-furnace desﬁlfurizing reaction in the fluidized combustion bed
by the lime content. Therefore, A-FBC boiler can combust the Sin Pun lignite
without taking the special treatment in the boiler and within the regulated

emission value of the Thailand.

In this feasibility study, two scaies of combustion test. are carried out
pufsuing'for the economical poiﬁt'of the utility cost and the economical

design of A-FBC suit for Sin Pun lignite.

i. Bench Scale Combustion Test -

ii., Pilot Scale Combustion Test



From the result of the bench scale combustion test, it was confirmed that the
Sin Pun lignite and Krabi lignite could be available for the fuel of A-FBC
gsince 8S0x emission is controled under the regulated'value of 700'ppm in
Thailand and especially the Sin Pun lignite shows the high DeSOx performancé

in A-FBC boiler with the Ca/$ molar ratio 2 im spite of high sulfur content.

Tt was also confirmed by the bench scale combustion test that Nitrogen Oxidize
(herein after NOx) is emitted within the regulated value and the combustion

efficiency is very high.

Furthermore, by the pilot scale combustion test, the suitability of A-FBC for
the Sin Pun lignite would be confirmed and based on the data got frem the
pilot scale combustion test, the economical conceptional design of FBC boiler

would be carried out in the second stage.

8.2  Testiiems and Schedule

The test schedule of the bench scale combustion test is shown in the table

below.

The sample lignite and limestone were received in August '91 and the
preparation work was carried out followingly. The combustion test using the
100¢ bench scale furnace was carried out from the beginning of September to

the end: of November 1991 respectively.

In the first 3 weeks, the bed temperature_and Ca/S molar ratio were varied'to-
find the suitable operating condition with tﬁe under coal feed Syatém. The
test of limestone among the Khao Tham Hora and Thung Song limestone also
carried out for the selection of the limestone. Those test were carried out
with under coal feed system to compare with the experienced record of the coal

applied for the 50 MW demonstration plant.

After the ahove test, the suitable operating conditions by the over coal feed
system was confirmed previous to the charadteristic_test'for“the Sin Pun
lignite and Krabi lignite which was carried out two weeks for the respective

lignite.
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The details of each test are tabled in Table B-1.

B3

8.3.1

Lignite and Limestone Analysis

Features of the Test Lignite

Table 8-2 shows the analysis result of the sample lignites, and Table 8-3

shows the moisture content of the sample lignite after dry up.

For the calculation of the combuétion'efficiency and DeS0x efficiency, the

value shown in Table 8-3 was applied.

From the analysis result of the sampled lignite, the features are described

as follows;

ii.

The total sulfur content of the S$in Pun lignite is about 97 with dry
basis and the combustible sulfur content is about SI and occupy 60% of

the total sulfur.

Krabi lignite is about 3.62 for the total sulfur and 80Z of the total

sulfur is combustible sulfur.

Since the uncombustible sulfur is not burn under thé temperature'815°c,
407 of the totél sulfur i.e. the uncombustible sulfur is captured by
‘the ash for the Sin.Pun lignite and 20%Z of the total sulfur is captured
in the ash for the Krabi lignite in combusting the lignite in FBC

boiler with the low temperature combustion.

The fuel nitrogen content, which mainly generate NOx emission in
combusting the lignite in FBC boiler, is 0.49Z for Sin Pun lignite and
0.71% for Krabi lignite respectively and these values are moderate with

the coal combusted in 50 MW demonstration plant in Japan.

From the experience of the demonstration plant in Japaﬁ, NOx emissicn

wouid not éxceed the restriction value in Thailand.



Table 8-2

Raw Coal Analysis

T m———

lignite

Item

$in Pun

Hote
{(JIS No.)

J418-H-8814

H. G. 1.

JIS-H-8801

Button Index

JI5-K-8801

<<hsh Helting Characteristic>> ;-

<Oxidatioy i —
Initial Deformation Point _ : S

RUCE RTINS

(JIS-H-8801

JI3-M-B801

JI§TH-8801
."<Reduct?0n>. . SO OSSO SO USRI S s KON
Initial beformation Point i Ash i C N 122000 1210 Jlﬁnﬁ"&&QI".
LSeheryeal Point i Asho G PG e dan e 1200 J1S-H-8801
Hemispherical Point i Ash o cC o 12800 2804 JIS-H-8801

fluid Point

JIS-H-8801

Table 8-3 Dryving Coal Analysis
‘“#\“‘“~ﬁ\_a L1gn1te $in Pun Krabi Note
. : —=200 | -
Item BASE U1menston _ SRR
Totai Hoisture ! A.R. | % 17.46 22.36
8 ~ 6




iii. Na0 content in the ash.is 0.137 for Sin Pun lignite and a 0.14% for
Krabi lignite respectively and these values are low to cause the

agpromalation problem in FBC boiler.

iv. Fe;0y content in the ash is very high with 9.44% and 9.367 for Sin Pun
lignite and the Krabi lignite respectively, and may cause the
settlement of the ash lump in the FBC bed.  However, from the
experience.of.the demonstration plant of Japan, 18.8% of Fe,0; content
in the ash has been treated by the drain pipe of the bed material
(hereinafter B.M.), and the value of the Fe,0; content may not cause the

serious problem for A-FBC.

Besides the ultimate and proximate analysis of the lignites, the following

tests are carried out for finding the further characteristics of the lignites.

i. Ash fuslon test

-
[

Burning profile _
iii. -Particle size distribution of the lignite éample as received

base.

"iv. Particle size distribution of the testing lignite after grinding

under 2 mm.
v. Incineration test as received base.

Photo 8-1 and 8-2 shows thé,résult df ash fusion Test under the oxidization
‘and reduction atmosphere.. The‘résult_shows that the Sin Pun lignite start to
melt relatively lower temperature than the Krabi lignite, especiélly under the

oxidization atmosphere.

It is presumed by the demonétration plant in Japan that the surface
temperature of the coal is about 50 ~ 100°C highef.than that- - of the bed
temperature. Therefore the surface temperature of the coal is nearly 1,000°C

in case of the bed temperature 900°C.

Both ash fusion temperatures of'the 8in Pun lignite and K:abi*lignite are

above 1,200°C and there is not occur the ash fusion trouble in the FBC boiler.



(JI1S Base:Leitz High Temperatﬁre Microscope)
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(JI5 Base:Leitz High Temperature Microscope)
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During the bench scale combustion test, any trouble have not been found also

due to ash fusion on the fly ash nor B.M.

Fig. 8-1 shows the burning profile of Sin Pun lignite and Krabi lignite

respectively,

This shows that either Sin Pun or Krahi lignite burn up under the temperature

300°C.

Tt is also mentioned that the peak combustion températdre'isfunder:5509C'on
the both lignites, and there remains little urburn carbon under the FBC fly

ash.

Photo 8-3 show the outlook of: the llgnxte as received, and Krabi llgnite has
coarse and well cut shape compared with Sin Pun lignite. It lS also noted
that Sin Pun lignite contain the whlte lump in the received coal which is

composed mainly.of Ca0.

Fig. 8-2 shows the particlé'of the receiving lignite and Fig. 8-3 shows the
particle size distribution of the testing lignite. Under the pre-combustion
.teét,_the relationship was checked between the particle size and DeSGOx

efficiency also,

Under the combﬁstion test, the coal size of 2 mm uhdef was appliéd on both Sin

Pun lignite and Krabi lignite ﬁith under and over coal feed ‘system.

Under the over coal feed system, the coarse partiéle:may'Settle on the bottom
of the bed because the over coal feed system apply the large size of llgnlte'

for the easiness of the handiing and may cause the trouble of fludized action.'

Therefore the comparigon check of_pértiéle size before and after the burning

was carried out.

Photo 8- 4 and 8-5 shows the eutlook of the partlcle of the llgnlte before andf o
after burning and it is clear that the Krabi llgnite keeps to remain the:

coarse particle.

8 ~-.10.
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'Phat0'8-3-Appearance of Thailand Lignite
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After Ashing

Photo 8-4 Appearance of Sin Pun Lignite
“before and atter ashing
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Before Ashing

After Ashing

Photn'845 Appeaiance of Krabi Lignite
before and after ashing
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Fig. 8-4 shows the diversion. of the particle size and that the ash after

burning the Krabi lignite keeps almost same particle size of the lignite.
-On the above view, Sin Pun lignite is better than Rrabi lignite for A-FBC.

Table 8-4 shows the analysis result of the ash component and both lignite has

ash content of 85i0,, Al,0;, Fe;0,.

Table 8-4 Proximale Analysis of Test Lignite Ash

Brand of Lignite Sin Pun Krabi
510, | 76.7 % 61,2 1
A1,0, 13.8 2 25.4 1
Fe,0, _ 1.79 2 3.95 %
cao 0.45 Z 0.71 %
Ca364 0.20 % 0.90 %
Gas0, 0.22 1 <0.12

8.3.2 Features of Sample Limestone

The combustion test has applied two brands of limestone (Khéo Tham Hora, Thung
Song) from Sin Pun area, cone brand of limestone from Krabi area and one brand
of limestone from'Funao—Sekincyama in Japan, which has ample experience in

50 MW demonstration plant, and uses for the comparison data.

Table 8-5 shows the analysis result of the above limestones carried out April

-’91 for the site selection study.

Table 8-6 shows the purity'check of CaC0, in the sample limestone for this

combustion test,

From the analysis result, thé_pu:iﬁy of CQCO3'for Thailand limestone is lower
than that of Japan and esﬁecially the limestone of Yod Po Sila Thung has CaC0O,
content up to 80% only. For the calculation of the Ca/$ molar ratio in the

combustion test, the net CaC0; weight has applied.

8 - 23
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Fig. 8-5 shows the particle size distribution of each limestone. For Khao
Tham Hora liméstone, the DeS0x characteristic has checked with the various

grain size as shown in respective figure.

For the combustion test, Sin Pun lignite and Krabi lignite apply also particle

size under 2 mm.

84 Combustion Test Facility

Fig. 8-6 shows the outline of the 100¢ bench scale combustion facility. Under
coal feeding system was applied during pre-combustion test stage and after
that, the over coal feeding system was applied with the coal transportation

air (15% of total combustion air) system.

This test equipment apply the following flue gas monitoring system.

s 0, Gas (0 - 25%)

* NOx Gas (0 - 1,000 ppm)

* 50x Gas (0 - 1,000 pptn)

» 80x Gas (0 - 5,000 ppm) --—.Temporary equipment.for high sulfur lignite.
Fig. 8-7 shows the.futnabe construction which has the under coal feeding point
above 50 mm from the_disfribution plaie and the over coal feeding point above

450 mm from the distribution plate.

Photo 8-6 to 8;9 show the outlook of the facilities.

8.5 Tes! Resuit
- 8.5.1 Pre-Combustion Test
The pre-combustion test purposes to search the suitable operating condition

forrthe combinatioﬁ of the Thailand lignite and limestone, which minimize the .

limestone consumption with keeping the 50x emission value under the Thailand

8 - 27
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Photo 8-7 Furnace and fuel feed pipe

8 - 31






Photo 8-8 Cyclone and gas sampling system
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regulation by means of varying the operation value of the bed temperature the

Ca/s molar ratio, the space velocity and the blend of the limestone.

Table 8-7 shows the result of the pre-combustion test.

(1)

DeS0Ox Performance

From the data of the lignite ultimate analysis, the $0x emission
density in the flue pas dﬁe to the combustiblé sulfur is calculated

with the dry gas bases, as followsy

-8in Pun Lignite

Theoretical amount of air, Ao

Ao = B.89°C + 26.7 (h - gq + 3.338

1

4.769 Nm’/kg fuel (D.B.)

¢.h.o.s.n means the conteént ratio of the carbon, hydrogen, oxygen,

sulfur and nltrogen in the dry ‘base lignite.

Theoretical amount of gas Vo

-«
[ =R
¥#

8.89C + 21.1 (h _-% ) + 3.33 8 + 0.8n

[

'4.688 Nm’/kg fuel (D.B.)

: Amount of flue gas under for the excess air ratio 1.2

Vo + 0.2 Ao
5.642 Nm’[kg fuel (D.B.)

vd

'

Amount of combustible sulfur gas (5.44Z) in the flue gas

1000

Mi%;@_g_- g x 0.0224 Nm’/Mol = 0.0381 Nm®/kg fuel (D.B.)
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x 10% = 6,753 ppm
5 6,800 ppm

Because of the low heat wvalue in Krabi lignite, the SOx emission
density in the flue gas of Krabi lignite reaches 4,800 ppm despite of

the lower content of sulfur in the lignité than Sin Pun lignite.

' The result of the pre-combustion test is described as follows, in
varying the bed temperature, the Ca/5 molar ratio, the blend of
limestone, the air ratio in bed, the lignite feeding system, the

particle size of the lignite'and-limestbne, and the space velocify.
1) Bed Temperature

'DeSOx characteristic test for the high_sulfur'lignite was carried
out with the Funao-Sekinoyama limestone which has an ample

éxperience record on 50 MW demonstration plant in Japan.

Fig. 8-8 and 8-9 show 350x charégierisfic by the'bed temberéturé.
From the ‘experience of the .demonstration__pléﬁt, "the _hed
temperaturé'raﬂge'from 800°C - 820°C has most favaUréble; whereas
the faﬁourable.bed tehperature for S5im Pun lignite is abt 850°C
and 40°C higher. than that of the past record of the low sulfur

bituminous coal.

"The several laboratdry_tests were carried out to find‘the_reason

‘of the above temperature range.
The details are exﬁlained iﬁ'the:claﬁse 8.6;2
2} CaIS Mol Ratio
Fig. 8-10 and 8-11 shéﬁ éd% charactegispie.bf.CAFS molar féfio.
It Qas'féund by the téét that_géé of QeSO# efficieﬁcy caﬁ be

gotten by the limestone injectiéﬁ with Ca!S molar ratio ﬁ to 3

while the low sulfur bituminous "coal reguests the Ca/$ molar

g - 38
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3)

4)

3)

ratio 4 to 5 for 907 DeS0x efficiency during the demonstration

test 1in Japan.
Brand of Limestone

Fig. 8-12 and 8-13 show the characteristic test result by two

brand of the limestone in Sin Pun area,

The result shows that the Khao Tham Hora limestone has better
DeSOx'characperistics compared with Thung Song limestone and the

limestone in Japan.

Therefore, the bench scale combustion test for Sin Pun lignite is

carried out by the limestone of Khao Tham Hora.
Air Ratio in Bed

Fig. 8-14 and 8-15 show the characteristic test result by the air

ratio in bed with Khao Tham Hora limestone.

By wvarying the air ratio from 1.2 to 1.4, wvery high DeSOx
efficiency of 997 was achieved with the Ca/S$ molar ratio 3 and
the bed temperature 850°C and the tendency is as same as that of

the experience in Japan demonstration plant.

Coal Feéding System

‘Fig. 8-16 and 8-17 show the characteristic test result by the

under feed system and the over feed system.

' DeSOx effiéiency'by the over coal feeding system is at most 90%

with thé_limestone injection of the molar ratio 3 and the bed

temperature 850°C.

The high DeSOx efficiency like the under coal feeding system can

not be gotten by the over feeding system even though increasing

the air ratio.
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(2)-

6)

7)

NOx

Particle Size of Lignite and Limestone

To aim the high DeS0x efficiency by the particle size of the
lignite and limestone, the tests by varying the particle size
were carried out, The result was negative as shown in Fig, 8-18,
8-19.

Sﬁéce Velocity

To aim the high DeSOx efficiency by the increase of the residence

time in the bed, the space velocity was varied to be lower.

" Fig. 8-20 and 8-21 show the test result, and the éarget emission

value 700 ppm was achieved by decreasing the space velocity to

1.2 mfs with the limestone injection of Ca/S molar ratio 3.

However, the.decreasing of SOx.emiséion is derived from the less
amount of the combustion of the small particle lignite in the
ffee board zone as mentioned later. By the decreasing of the
space_vélocity on the over coal feeding system, many amount of
the small particle lignite less than 0.5 mm is combusted in the
fluidized bed instead of the free board zone, and de-sulfurized

in the bed.

Thérefore, the test result of the space velocity is very depend

on the furnace characteristics of the bench scale which apply the

‘lignite only 2 mm under size.

~From the above test result, the performance combustion test is

-carried out under the condition shown in the following table.

In combusting the fuel by FBC boiler, NOx is generated by the fuel

nitrogen, and the théfmél nitrogen couid be neglected because of its

low temperature combustion,
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In case that the conversion rate of the fuel nitrogen is l.O.ISin Pun

lignite and Krabi lignite generate NOx as follows;
Sin Pun lignite

0.,0049

(T ® 1,000) Molfkg fuel (D.B.) x 0.0224 Nm’ { Mol

= 0.00784 Nm*/kg fuel (D.B.)

0.00784

6 .
5. 660 10° 5 1,390 ppm

Krabi lignite

(Q%ll ¥ 1,000) MolJkg fuel (D.B.) x 0.0224 Nmd/Mol
= 0.01136 Nm*/kg fuel (D.B.)

0.01136 - :

4. 1a5 X 10° = 2,747 ppm

From the experience of the demonstration plant in Japan, NO conversion
rate is kept under the range of 0,1 to 0.2, and much less amount of the

above calculated value would be emitted from FBC boiler.

Herein after, the result of NOx emission characteristics is Summarized
based on the date collected during the S0x emission characteristics
test.

Fig. 8-22 shows NOx emission characteristics by the bed temperature.

As same as the record of the demonstration plant, NOx emission value is

increasing sccording to the rising of bed temperature.

In this figure, NOx emission charactéristics is shown by the limestone

injection with the mole ratio also.
Different from the experience on the demonstration in Japan, the test -

result shows that NOx emission is decreasing-égainst the increasing of

the CafS molar ratio.
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The emission value of NOx is 100-300 ppm and lower than that of the
experience coal which was tested in 1004 furnace for 50 MW

demonstration plant.
Details of the reason are explained in clauase 8.6.2.

Fig. 8-23 shows NOx characteristics by the brand of the limestone.
Thailand limestone has better characteristics in terms of less NOx

emigssion than the Japanese limestone.

Fig. 8-24 shows NOx characteristics by the particle size of the lignite

‘and limestone.

NOx emission is much lesser on the condition of the coal particle size
0.5-2.0 mm and the limestone particle size 2 mm under with the B.M.

particle size 1,4 mm under.

From the test result between the particle size 0.5-2 mm and 2 mm under,
it can be said that the particle size of the feeding lignite and
limestone does not affect NOx emission characteristics but the particle

size of the B.M. affects NOx characteristics.

Fig. 8-25 shows NOx characteristics by the space velocity'énd the space

velocity of 1.5 mfs is looks like best point for less NOx emission.

However, this low NOx emission was due to the low air ratio as shown in
Fig.'8—26 since the;combustion in the space velocity 1.5 mfs was

continued under the reduction atmosphere.

Fig. 8-27 shows NOx characteristics by the coal feeding system. The
test was resulted that NOx emissjon is higher on the over coal feeding
than the under coal feeding with the air ratio 1.2 and under the air

ratio 1.4, the result shows the opposite case,

The reason of the above result is explained in clause 8.6.2.
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(3)

Combustion Efficiency

The combustion efficiency has been measured from the un-burn carbon in

the ash.

The combustion efficiency of the under feeding system is increasing
according to the increase of the bed temperature as same as the record
of the demonstration plant in Japan and more than 987 of the combustion

efficiency was recorded under the bed temperature 800-900°C,

The combustion efficiency is observed to increase according to the
increase of the air ratio also as same as the record experienced in

Japanese demonstration plant.

Fig. 8-30 shows the characteristics of the combustion efficiency by the
fuel ratio (Fixed Carbon/Volatile matter) in the experienced record in

the demonstration plant.

From this figure, the lower fuel ratio can be expected higher
combustion efficiency and the lignite of Sin Pun and krabi can be
expected to achieve 992 of efficiency since the fuel ratio is low as

0.35 and 0.43 respectively.

Fig..8~3lrshow the characteristics of the combustion efficiency by the

particle size with over feeding system.

From the result, there are no significant difference whether the
particle size of 0.5 mm under is existing or not because both cases

record the high combustion efficiency more than 99.5%,

This . result 'also shows that the over feeding system has the
characteristics of the higher combustion efficiency than that of the
under feeding system, which is contradicted to the result experienced

in the. bituminous coal test.

Fig. 8-32 shows the typical result of the above, especially on the

lower air ratio in bed.
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Since the fuel ratio of. 5in Pun lignite is so low, the combustion in
the bed is processing under the reduction atmosphere near the coal
feeding nozzle and this tendency is typical under the under feeding

system.

On the other hand, under the over feeding system, the coal
transportation air occupies 15% of the total air, which resulted the

twoéstage combustion and high combustion efficiency.

From the above point, it can be said that the combustion efficiency may
increase with the under feeding system by the suitable distribution of

the air and lignite in bed.

"Fig. 8-33 shows the charaoﬁeristies of the combustion efficiency by
the . space velocitye and that the increase of the space velocity

decreases the combustion efficiency,.

Howe#er; the combustion effieiency of 99% is achieved under the space

velocity 1.5 m/s.

852 Combustion Performance Test of Sin Pun Coal

on the basis of oﬁeration paraﬁeters obtained by preparatory teets; the bed
temperatore. ca/s moiar.ratio parameters were changed. Both the.environmental
characterlstlcq and combustzon eff1c1ency were measured. Table 8-8 shows
results ‘'of the combustiocn performance test on. Sin Pun 11gn1te Fig. 8-34
shows ‘the bed temperature during the combustion performance test on Sin Pun
_11gn1te and the relatlonshlp between the Ca/$ molar ratio and SOx. Versus the
‘temperature range of 800°~820°C which has generally has induced the. highest-

DeSOx eff1c1ency during the demonstratlon test in Japan, the test indicated

.'_the 850°~860°C -range as the most approprlate desulfurJZlng temperatures. This

was also indicated by the preparatory test. With the condition of
SOx<700 ppmn, Ca!S molar ratio of mote than 3 13 necessary as verlfled in the
preparatory tests 1f the over coal feeding systeutls to be used. When the air

ratio was reduced to 1. 10, fron11 20, the NOx emission decreased but sllghtly
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