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The Achievement of Environmental Impact Controls

And

in Mae Moh Coal-Fired Power Plant
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Engineer from Mae Moh Power Plant

Electricity Generating Authority of Thailand, THAILAND
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L EGAT Overview Mae Moh Power Plant

Power for Thai Happiness

: Mae Moh mining process

iMAE"IVIOH PQWER PLANT 4-13
%

DigitalGlobe

Source: Mae Moh Mine, EGAT

) Construction (Year) Cperating Generating Capacity
ot Started CoD (Wear) (W)
4 1981 1984 150
5 1981 1984 150
6 1982 1985 7 150
7 1982 1985 150
8 1986 1989 300
9 1987 1990 2 300

10 1989 1091 - 300
11 1989 1992 300
12 1991 1995 300
13 1991 1995 7 300
Total : 2,400

Remark » Unit 1-3 (3775MIV) were decommissioned since 17 October 2003

Electricity Generating Authority of Thailand




Lignite Consumption (Million tons)

L EGAT oOverview Mae Moh Power Plant

Power for Thai Happiness

: EGAT Generation Plan Y2012 : Coal Energy Generation Plan
Installed Capacity 32200 MW
Hydro, 124% .  qen Other, 0.1%

Diesel, 0.05%

Coal, 20.7%

Gas, 64.7%
Fuel Oil, 0.6%

[Energy Generation and Purchase 166,457 GWh |

| Peak Demand 25,233 MW |

— 2012 2013 2014 2015 2016
Source: System Control Operation Division, EGAT
1.60 - - 1,700 MM @ BLCP GOC mHPC = SPP
1.50 . L 1,600 Source: System Control Operation Division, EGAT
1.40 1500
1.30 | 1400 =
o
F 100 g Y2012 (8 months) :
1.10 - L1200 B
100 ~uo 5 Total Lignite Consumption = 11.38 Million tons
0.90 - L 1000 & .
050 | .. < Total Net Energy Generation = 11,565 GWh
o7 o Availability Factor = 93.14%
0.60 . . : . : . . 700

Jan-12  Feb-12 Mar-12 Apr-12 May-12 Jun-12  Jul-12  Aug-12
Source: Mae Moh Production Division, EGAT

Electricity Generating Authority of Thailand I




L EGAT Overview Mae Moh Power Plant

Power for Thai Happiness

® The existing units using domestic lignite
at Mae Moh (Open Pit Mining: Area of 30

square kilometers)

® Consumption :

Lignite 45,000 ton/day (16 million ton/year)
Water 133,000 m®/day (50 million m®/year)

: MAE MOH LIGNITE

PROXIMATE ANALYSIS
MOISTURE % BY WT. | 30-32 Limestone 3,600 ton/day (1.3 million ton/year)
ASH % BYWT. | 20-26
VOLATILE MATTER wBYWT. 22-32 By Products and Emission :
FIXED CARBON % BY WT. | 15-23 ® Ash 4.4 million ton/
AVG. SULPHUR % BY WT. | 2.4-3.5 ' year
HEATING VALUE LHY : KeallKg | 2,450 ® Gypsum 2.4 million ton/year
HHVY : Kcal/kg 2,750 °
SO,, NO,, TSP
SULPHUR/LOW.HEAT =11.2 mg/Kcal
SULPHURDIOXIDE CONCENTRATION = 4,536 ppm. ¢ Waste water 9.1 million m3/year

Source: Mae Moh Production Division, EGAT

Electricity Generating Authority of Thailand I
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: Data 3" October 1992

Load (MW), lLg/im® Tonihr.

1,500 4 T 100
1,400 41 1371 1.379 1,372 1384 1«’1@34 1 g-l 1384 1334 1.382 l.n'lﬁ:" l.,,?ﬁﬁ
= e - T 90
1,300 - 1,355
1,200 - 1127 4403 T80
1,100 4
70
1,000 4
59 60 59 60 60 60 60 60 60 60 60
900 - - - - - s leo
79
800 794
I 502 Concentration (ug/m3) 1 50
700
=#=Load (M)
600 - 500 T 40
500 - =E=3502 Emission (T/h)
r 30
400 - 301
249
300 1 20
200
81 8 55 T 10
100 1 18
0 - - 0

6.00am 7.00am B8.00am 9.00am 10.00am 11.00am 12.00 am 1.00 pm 2.00pm 3.00 pm <4.00 pm

Source: Flue Gas Desulfurization Department, Mae Moh Power Plant of EGAT

Pollution Control Department (PCD)
Ministry of Natural Resources and Environment, Thailand

Y1998 Issued New Standard: Mae Moh Power Plant Emission
" SO, Emission <780 pg/Nm® in one hour.

And Total of all units <11 ton/hr.
® S0, Concentration <320 ppm.

~EGAT Air pollution occurred in the past

>During 1992, in early October

- Weather(season) : rainy => winter
- High pressure atmosphere => the air
around the plant to engross in the

phenomenon

Ground level ambient Sozconcentration

was observed.

Environmental impact => people living
in several villages located downwind
from the power plant sought medical
attention for symptoms which included
stinging nose and throat and shortness
of breath. The plants and animals have

been affected.

> Afterwards, EGAT realize to eliminate

the problem completely.

Electricity Generating Authority of Thailand I
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: FGD Mae Moh Power Plant

Lt
=, | "
1= T

agend :
A ?
I. ..
o 00 s

....... ;”'T;’EHEEEHEI s

REAGENT PREPARATION SYSTEM ABSORBER SYSTEM GYPSUM DEWATERING SYSTEM

Reaction CaCO; + SO,(g) + (1/2)0; + 2H,0 ==> Ca50,2H,0(s) + CO,(g)
(Limestone) (Oxidation air) (Gypsum)

4001
350
300+

2501

m

2 200
150

100

L EGAT FLUE GAS DESULFURIZATION SYSTEM (FGD)

Unit Efficiency | Commissioning | Construction Cost

(%a) {(Year) (Million Baht)
4-5

a7 2000 2.321
6-7 97 1999
8 05 1997
9

95 1997 2,624
10 85 1998
11 95 1998
12

92 1995 2,160
13 92 1995

Total : | 905

: Actual SO, Emission @Stack Point Y2001 - Y2011 (Monthly)




SULFUR DIOXIDE (TONNES)

? EGAT SO Emission control

Power for Thai Happiness

800,000

600,000

400,000

200,000 1

Mae Moh Power Plant
Gross Generation & Sulfur Dioxide Emission (1988-2012)

A

20,000

15,000

- 10,000

5.000

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

: 5

FGD 15 StartUp 1213

t-4-11

10-11

| | W= SO2 PRODUCED W SO2 EMISSION =O=GENERATION GWh

Source: Mae Moh Production Division, EGAT

Electricity Generating Authority of Thailand I
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EGAT SO Emission Control Procedures

Power for Thai Happiness

Normal controls at power plant :
SO, Emission @stack sum of all units
‘/Mar-Oct < 4.8 ton/hr.

v'Nov-Feb < 2.0 ton/hr. (06:00-12:00 am)
< 3.0 ton/hr. (other times)

SO, concentrate at stations monitoring t ;

“ Solution is Decrease Load to control ”

M 1. Pratupha Armay Camp M 2. Tasi
B 5. Main Station M 6. Huiking
B 9.Soppad 0O 10.Maechang

M 3. Sadet
B 7. Govermment Center
B 11.Radankosin

Emergency Case : FGD Outage(unavailable)
® Reduce lignite consumption

® 30 mins. later if FGD still unavailable

=> use only diesel fuel. And then if FGD still
unavailable within 2 hrs. must shutdown plant.
® Nov-Feb 06:00-11:00 am

=> Trip plant immediately

11 4. Huifai
1 8.Sopmoh

Concentration ppm
o
N

2002 2003 2004 2005
Sources: Mae Moh Production Division, EGAT

2006

Sulfur Dioxide In Ambient Standard < 0.3 ppm

2007 2008 2009 2010 2011

Electricity Generating Authority of Thailand I
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EGAT NO Emission control
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: Actual NO, Emission @Stack Point Y2001 - Y2011 (Monthly)

1,000 -
900 1 successiul NO_
o | y
700 1 Removal !
€ oo
Q.
o SO0 fssssssssssssnsnsnnnnsnnnn | Standard 500 ppm |- ---------------------
00 -
300
o ||||....-||.|.n.||||||II|||II|II..II.||||||||||||||||||||||IIII|||I||II||II||I||||I||II||||||I|||I|||II |
100 No Emission : The factors
- :
smeeme ® Oxidation with Nitrogen in fuel

All Units : Low NO!s Burner

: Burner of Unit 4-7 with Overfire air (OFA)

e ]
p = ]

PCC Bonler h

B 1L.Pratupha Army (
M 5. Main Station

¢ Oxygen/Nitrogen Ratio control

E9.Soppad
0.3
e i
0.25
E 02 Nitrogen DiOxide In Ambient Standard < 0.17
a
e
K
g oas
3
]
g
S o1
0.05
o . ) Y 4
S a4 ST
2004 2005 2006 2007 2008 2009 2010 2011 Pcc BO“Q"

s Firing System (LNCF

: Burner of

- Unit 8-11: OFA with Low NO, £

)z

e ntric

SOFA)

Sources: Mae Moh Production Division, EGAT

Electricity Generating Authority of Thailand I




L EGAT TSP Emission control
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: Actual Dust Emission @Stack Point Y2000 - Y2011 (Monthly) Electro Static Precipitator (ESP)

200

180 bermenesneereenmanrenranan .I Standard 180 mg/Nm? |. ............................. C0||ECting Plate + Emlttlng Coil
< 1001 high voltage
o wer suppl! rappers
g 140 | power s Ppy\‘q ‘.‘( /
§ o successiul TSP y —
n @
8 E 100 ; \
5 2
= (=] X
[T} 80 | ‘
- S EEE
{ 60
E 40 :::::lscollectlon a » ;
» | ‘{i

7 hoppers
0 2000 2001 2002 2003 2004 2005 2006 2007 z008 2009 2010 zo11 year En!l:i?tis.ing ionizing ﬁe'ﬁ' or corona

NS S/
N (g $\“J/</<
......... N TN ... 7N

Collecting Plate

o Unit 45 M Unit 67 o Unit 8 I Unit 9 M Unit 10 H Unit 11 = Unit 12 M Unit 13
Source: Mae Moh Production Division, EGAT

clean
gas

All Units : ESP Efficiency
more than design value (99.5-99.75%)

Electricity Generating Authority of Thailand I
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# MENU s
Unit 9 Sum Uit Sum Unit Station  Station
113 13

Sum Unit Sum Unit
Unit12  Unit13 . 813

Unit10  Unit 11
Unit 7

Trend Unit 8

300 1200 1500 1800 2100

200
P . ]
.
T "‘\' ."f“"’"'n @Tuman
2000w Sy
Ahundn
il duni
oNE

20250008

| o} {9 peinl
/O st 13
/ f
prissins Nl 7
2020000 8 y 7 e Taan] o ES
fe—fn AT
@uibvevrs IO
@i IO
00 e 500 € 9000 E

0
0
0
149.45 033 13050
15057 0.26 14856
150.80 0.26 13954
150.24 0.26 130.02
278.70 0.49 26925
280.21 0.39 266.00
300.20 037 258.49
94.00 66.50

0 0
30023 26289
0 0

601.07 54863
125334 185 112313
1854.41 2.96 1671.76

Cal. librate Message : Welcome to the SO2 Emission Online 2009
N/A = Not Available
AIC = AC Line Down

* =SOR and NOX are averaae value

Location of Air Quality Monitoring Stations

A EGAT Ambfent Air Quality .\Ignimring Station: total 11 stations

O Cv(: tnnfent Pollutiofi Control Department Monitoring Station: total Zstations

11 stations | +

Mae Moh District Office

Baan Sop Paad

Pratu Pha Camp
Baan Ta See
Baan Sadej
Baan Hua Faii
Main Station

Baan Sop Paad

L EGAT cContinuous Emission Monitoring

s

Aa

Mae€Moh Power
Plant Unit 4-13

. AL g
10BaanMae
® i

1 point@Stack for each unit

Government Pollution Control

Department Monitoring Station

eGAT
Baan Sop Moh . .
P Ambient Air
Baan Mae Jang .
. ~— Quality
Rattanagisint
Huai King Monitoring
Station

Mae Moh District Office ——

13



FEGAT  Summary Part 1

Power for Thai Happiness

J The pollution problems in the past as a key to improve the

manufacturing process. More environmentally conscious.

] We search for devices which high performance technology to
capture particles that pollute the environment around Mae
Moh Power Plant.

] Process & Continuous Measuring Controls are very important.
] 1SO 14001 Certification : 1% time Y2001 (Cont. until now)

“Therefore, The Mae Moh Power Plant which is the largest
coal-fired power plant in Thailand can control pollution

emitted than the law requires. ”

Electricity Generating Authority of Thailand I
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IEEJ+MHI+JCOAL+METI

Coordination with
4

Y )

)
S

<
%y, Ny,
>
Ry

No. EGAT 980000/ 2624+

M. Xofi Moriea
THE INSTITUTE O 60t
il 8l Kachidok,
Tokyo 108-0054, Japar

RGY ECONOMICS, pAN
Kachiclok 1 Cherme.

Attention - Mr. Koji Mevita
Servor e

Subject ; Advanced Clean Cox Technotogy
Enetpy Ohersfication by Coal Gasfication at tae o,

Reterring 1o you

Sectricity Gererating A

WO to theee decades
decreptude of the plan
replaced with more efficiert

n order to execute nex

. I e
‘ ey,
- QS

-y 0
et €5+ Wi g Acting
MW—L&VQKB’"_ ,}'l""‘ S s

Tel, ¢ 283 1000

FEd) ¢
i @ Ewwsaa, m B
o e nem RO n

B s Femoro

LRSS

ZEGAT  study of The IGCC Project at Mae Moh

»May 2011 : EGAT and IEEJ => coordinated =>
To Applying Clean Coal Technology by study for Coal

Gasification and Generation at Mae Moh
>Jul. 2011 : Feasibility Study =» Start!

»Aug. 2012 : Summary Report of the Study to EGAT

x MITSUBISHI HEAVY INDUSTRIES, LTD.
Power Systems Progact Engs

Electric Power & Coal Unit

| ENGINEERNIG READQUARTERS IEE THE INSTITUTE OF ENERGY ECONOMICS, JAPAN
1ECC Eng!

°g Depa 9
= e TATE p‘l nul Skig. Kachidoh, 13-1 Kachidakd 1-chome, Chiuo-ku, Tokyo, 104.0064, JAPAN

MHISOPIE 120010 ENGINEERING SHEET August 1. 2012 FRRGISSRANTANIS: Fomibnt b
ELANT Socmercs Pant i Thaiang OROER Mo Augnst 1, 2011
sususcT ALsuE A-Siown KGCT Tecnnoogy wumaton

ELECTRICITY GENERATING AUTHORITY OF THAILAND

This Cocument 1S 15500 1N SCOOMIENOS WM “QUESHIoNS T MISUBISN IGCC Teahnology”
requEleq Dy Elanolly Gensratng AUTOMY of Thaland (EGAT) In May 2012

53 Moo 2 Channsnitwong Road
Bang Kruai, Nonthaberi 11130

Attention:  Mr: Somboon Arayaskul
Deputy Governor-Development

Sabject:  Study for Coal Gasification and Generntion at Mac Moh
by Appivisg Clesn Coal Technology

Der Sir,

Reference is made to our letter dated July 15, 2011, addressed to you.

Fiest of all, we would be very grateful for your kindness and kind support

We are pleased to  the outline of the captioned study and oer requirements for oo 8
the study as the attached p I be greatly appreciated if you could understand the contents
of this study and amange the project seam for this study

Your kind cooperation would be highly appreciated

Yours faithfully,

»
- ¥ f
A N ; = FA W b =
=2 =
o s|B 5 M. Koji Morita
Orawn by °|c Baard member, Director
Edect; ower & Conl Unit

THE INSTITUTE OF ENERGY ECONOMICS. JAPAN

Electricity Generating Authority of Thailand I
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Po;/ver for Thai Happiness

MHI Air-Blown IGCC System

@ Highly Efficient Gasifier
(Air-Blown)

Coal

17

* EGAT Study of The IGCC Project at Mae Moh

ol MITSUBISHE

@ System Integration capability is

MH/I’s key factor of strength.
Ed

Gasifier gychanger,

=1
1

()

’Pulverizer

0,

@ Small ASU for N2 Production
(for Coal Transportation and Inerting)

. Heat [ | Gas Treatment }_ i >
; b

Essentially different from the other Oxygen-
blown technologies.

~ Heat Recovery

s i Steam Generator
Ambient —l

/i" | Steam Turbine //
iy |
| ' ‘|--_' — b | Transformer
Generator

Gas Turbine

@ Highly Efficient Gas turbine
(High Temperature)

Electricity Generating Authority of Thailand I




L EGAT  study of The IGCC Project at Mae Moh

Power for Thai Happiness

Variety of Coal Experience

o MITSURISHE

Experience of various coals including Lignite

MHI Gasifier successfully gasified,
will enable Mae Moh Lignite gasification.

Fuel Ratio
Fixed Carbon / Volatile)

(

Australian Coal
3.0 O American Coal
A Chinese Coal
= s = = = g ===t A South African Coal

95 2 ForlsCC | @..[ For Conventional| iy \ndonesian Co

I : O Japanese Coal

: i

| A A o g Eu?mag Coal
2.0 - olombian Coal

. 'Q |

[

A A8 0” G :
SIS R 5

: 0|© 4 | © 7 ¢l Mae Moh Lignite (Planned)

I e ST I LI
10— ok '|

\ a B \ J

Jndonegsian Lig jite Texas Lignite | 4
0.5 S - - - T-—-—=-g-—=-=-5-"
1,100 1,200 1,300 1,400 1,500 1,600 1,700

Ash Melting Temperature [deg-C]

Electricity Generating Authority of Thailand I
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UEGAT  study of The IGCC Project at Mae Moh

Power for Thai Happiness

Features of MHI Air-Blown IGCC

o' MITSURISH

» CO2 is extremely reduced by high efficiency.
» The Air-Blown IGCC is MHI's original technology.

50

109%

—— 1110
® co2

100%

100

.
w

43 - 45%
85%

80 -83% ®
$| [

n +12 point %

|
[= =]
o
CO2 Emission (%)

Net Plant Efficiency: 7 (%, LHV)
=
o

=170
35 36%
—160
33%
30 50
MHI O=Blown usc Sub Critical World-Average
| Air-Blown IGCC IGCC | Conventional Conventional Conventional

Assumption: Same gas turbine applied

Electricity Generating Authority of Thailand I
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vafETﬁlﬁT Study of The IGCC Project at Mae Moh

Present Status of 250MW IGCC

Demnnstatinn Project (Nakoso

o MITSURISH

" | 3 I M Ministry of Economy, Trade and Industry
Takasago Nakoso 30% Subsidy

Joint Project Agreement
i Hokkaido EPCo.

Nagasaki Tohoku EPCo.
Tokyo EPCo.
Chubu EPCo.
Hokuriku EPCo.
Kansai EPCo.
Chugoku EPCo.
Shikoku EPCo.
Kyushu EPCo.
. J-Power
;IIII EEEE {:RIEPI
Researchers

T70%
Contribution

Clean Coal Power
R&D Co., Ltd.

Single Point Responsibility
(EPC Turn-Key Contract)

# Project is going on Schedule.
# Operation started Sep. 2007
| @ 100% Load
V@ 2,000hrs. Continuous Operation finished
Y\ @ Coal Change / Load Swing /
Voo Efficiency Improvement, etc.
| % Q\S. 00hrs. Durability Test finished
ooy . =Subsidy from METI ended
| 1 \ \
i \

N

2001 | 2002 | 2003 | 2004

2005 | 2006 | 2007 |\2008 | 2009

2010 | 2011 | 2012 | 2013

All of the demonstration targets have been achieved.

Electricity Generating Authority of Thailand I
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MEGAT Study of The IGCC Project at Mae Moh

Power for Thai Happiness

Typical Major Specification of 500MW Plant
-Typical Plot Plan-

oal ‘

1'&

MW Item Specification
=700
Coal Mae Moh Coal
50 550 MW 7600 5 (expected)
e o
- 7500 S | Output Gross 550 MW
] o]
2 400 8 Net 500 MW
| o
o OO 3005 [ Gasifier Oxidizer Air
U -
5 200 Coal Feed Dry
gaaf Acid Gas Clean-up |  Wet MDEA
w
e . M701F x1
z 42k Gas Turbine (1on1)
Net Efficiency Approx. 48 %
40F (LHV) wlo CO2 Capture
Note: Plant performance like output and efficiency
38 depends on site conditions including coal
properties.
Demo. Plant  500MW Plant Emission performance like SOx, NOx and PM
701DA GIT 701F GIT can be discussed, dependiny on the mgr'nnaf
regulation.

Electricity Generating Authority of Thailand I




L EGAT study of The IGCC Project at Mae Moh

Power for Thai Happiness

Typical Major Specification of 500MW Plant
-Utilities & Emissions- o' MITSURISHY

tems  Utiites  Note
Coal consumption 285.4 metric-ton/hour As received basis
Oxygen consumption 40.3 metric-ton/hour 02 purity: 95vol%
Slag discharge 38.5 metric-ton/hour Dry basis
Elemental Sulfur production 5.0 metric-ton/hour Elemental “S”
Cooling Water consumption 11,800 m3/hour
Demineralized water 34 metric-ton/hour (max.)
17 metric-ton/hour (ave.)
Industrial water 1260 metric-ton/hour (max.)

1,250 metric-ton/hour (ave.)

Exhaust Gas Flow Rate 2,013,000 m3N/hour dry basis

SOx 9.6 ppmV @15%02-dry | =23 ppmV @7%02-dry
NOx 6.0 ppmV @15%02-dry | =14 ppmV @7%02-dry
Dust 4.8 mg/m3N @15%02-dry

Electricity Generating Authority of Thailand I
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L EGAT  summary Part 11

Power for Thai Happiness

J We are very interested in IGCC technology. Executive

Committee was appointed to feasibility study this technology.

H Although, in foreign countries such as USA, this technology
has occurred for a long time. But that is a new technology for
the electric power industry in Thailand. So it should be study

the advantages - and disadvantages in more details.

] Present status of |GCC, demonstration project(Nakoso) only
250 MW.

“ Therefore, The chief executive of EGAT remain under consideration

to apply IGCC for Replacement Project (600 MW) at Mae Moh Power Plant. ”

Electricity Generating Authority of Thailand I
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Thank you for your kind attention!



