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1.1

Thai Beverage PLC TB
17 17
ADI-BVF Reactor
COs2
1.2 FI/S
79 CDM
COD S SS
F/S
1.2.1
1.2.1

No.
1 ( ) | m3/d 2,800 450
2 pH - 4 7 4.8
3 <38 49-55
4 SS mg/l <500 20,840
5 BOD mg/l 5,059 35,600
6 COD mg/l 8,900 115,140
7 T-N mg/l 205.3 1,848
8 T-P mg/l 90.7 172
9 T-Sul mg/l 32.2 4,865




1.3

TB

CER

TB
TB

Bionic Humus CO.,LTD

COD

CDM

376 /km?

S SS

COD S

ADI-BVF Reactor

Feasibility Study

105

ADI
Feasibility Study
TB
BHC
SS
F/S
TB
TB
PDD
2,168.3km? 815,122 2000
919

BHC



13°54'

1.3.1

109°07

10m
6.5m
6.5m

Nakhon Pathom Province

Don Tum District

TB 3



1.3.2

1.4

PDD
COoD

H,SO,

TB



1.5

SS Ca

14.1

No.
L C ) m*/d 450
2 |PH - 48
’ CcoD mg/l 115,140
* | BoD mg/l 35,600
> \olatile Fatty Acids (as acetic acid) mg/l 1,937
° Alkalinity (as CaCoy) mg/l 760
" | Total Solid (TS) mg/l 109,260
8 | Total Volatile Solid_(TVS) mg/l 85,140
9

Suspended Solid ~ (SS) mg/l 20,840
10 Phosphate (PO, mg/I 172
11

Sulphate (SO mg/I 4,865
12 1ol Nitrogen (N) mg/l 1,848
13

Calcium (Ca) mg/I 3,129

1.5.1
KG PDD
KDC PDD

(host) | Bionic Humus Co.,Ltd

BHC

(host) | Toyo-Thai Corporation

Limited TTCL




2.1 CDM
2007 7 6 Thailand Greenhouse Gas Management
Organization TGO
TGO Office of Natural Resources &
Environmental Policy and Planning ONEP
CDM TGO PDD  Initial Environmental
Evaluation IEE 2.1.1
TGO ONEP DNA 2007 1 7 2.1.2
2007 8 8 2.1.3 15
5 2.1.2 CDM 15
7 47% 2.1.4
ONEP
CDM
Department of Alternative Energy Development and Efficiency
DEDE IEE
DEDE
40
DEDE EPC

“Tentative” CDM Approval |
Procedure

National Board on Climate Change Policy |

Ly pu—

informing of maulis | Board of Thailand Greenhouse Gas |
weniaJweaing éars | Management Organization @ o0} |

E-

15 da
| Thailand Greenhouse Gas 1 Comments from |
| Management Organization (TGO} ——=| concamad Ministry |

f

3 day
|

DNA fssues l Project developer submits PEID_tP TGO
a Letter of Approval 7| With an approved EIA, or Initial
E Environmental Evaluation {IEE) Report

Cofica of Mutursl Amidurca nd Brvissrsantal Polcy ind Panning (OMERY

2.1.1 CDM
CDM in Thailand DEDE



=
y Jj}

CDM Projects

"

=~ Approved by Cabinet 30 January 2007
He, | Project tile Developer Technalogy CERs Buyer
{ton COtyr)
1 | Dan Chang Blo- Mitr Phol Greup Biomass 92,000 England &
Energy Cogeneration Denmark
Project
2 | Phu Khigo Bio- Mitr Phol Group Biomass 99,000 England &
Energy Cogeneration Denmark
Project
3 | Korat Waste to Korat Waste to Biogas 374,000 nla
Energy Project, Energy Company Lid.
Thailand
4 | AT Biopower Rice AT Blopower Co. Lid. | Blomass 74,500 Japan &
Husk Power Project Hetherlands
5 | Khon Kaen Sugar Khon Kean Alcchal Blomass 80,000 EU
Power Plant Company Limitad snd
Agrinargy
& | Ratchabur Farms SPM Feedmil, Nong Blogas 100,000 Denmark
Bingas Project Bua Farm, VCF
Group
T | Rubber Wood Electric Power Biomass 60,000 nfa
Residue Power Plant Devalopment
in Yala, Thaltand Company Limited
(EPDC), Janan
—> CDM
2.1.2 DNA 7 2007 1
CDM in Thailand DEDE
CDM Projects l
Waiting for Approval e
Davelogar Technology CERs | Buyer
flon COHyr) |
1 | Jaroensompong Corporation Jaroensompong Co.Lid Landfill 93,100 nia
Rachathewa Landfill Gas ta
Energy Project
2 | Wastewater Treatment with Sima Interproduct Go., Lid, Blogas 20,300 Danmark
Blogas Systam in a Starch L TME
Pilant in Chachosngsao
3 | Wastewaler treatmant with Sima Interproduct Co., Lid. Blogas 21,500 Denmark
Biogas System in a Starch & TME
Plant in Nakorn Ratchasima
4 | Surat Thani Biormass Power Surat Thanl Green Energy Biomass 171,774 Jepan
Genorathon Project Co. Lid.
5 | Chumpomn Applied Biogas GTZ Biogas 30,008 | Germany
Technology |
& | Matural Palm Ofl Company BOSCH and Matural Palm Biogas 14,480 Denmark
Limited = 1 MW Elec. Gen., il Co, Ltd.
end Biogas Flant Project
7 | Hortheastern Starch (1987) Norhieastemn Starch (1967) Blogas 5420 Danmark
CO.Ltd, ~ LPG Fuel Co., Lid. [NES), C. Gigantic
Switching Project Carbon Co., Lid {CGC)
& | Surin Electricity Compan Surin Electire Company, Blomass 12,5084 EU
Ltd and Agrinaray
2.1.3 DNA 8 2007 8

CDM in Thailand DEDE




Thailand CDM projects in pipeline

5%

47%

O Ethanol & Biodiesel
B Biogas

0O Biomass

O Landfill

B Energy Efficiency
O Thermal

214 CDM

CDM in Thailand DEDE

CDM

2.2
221

Baht

UASB

UASB

UASB
EGSB

CDM
20

EGSB

EGSB

Upflow Anaerobic Sludge Blanket
Expanded Granular Sludge Bed




ADI Systems Inc.
ADI-BVF Reactor

UASB ESGB
2.2.1
UASB EGSB
0.3 3.0kgCODcr/m3 d| 5 15kgCODcr/m3 d

7 14 6 10

COD 60 70 80 90
1
pH
UASB EGSB

2.2.2 UASB EGSB

(1) 30 35 49-55
(2)pH 6.4 74 4.8 pH
(3)SS 1,000mg/1 20,840
(4)Ca 400 500mg/l 3,129
(5) 100 150mg/l 4,870 x 110 20
S
1 @ (5)
UASB EGSB
UASB EGSB




ADI Systems Inc.(
ADI-BVF Reactor

Reactor)
INFLUENT WASTE WATER
l GAS HOLDER STANDARD BIOGAS FLARE
EQ,POND (250 m®)
BIOGAS BLOWER
SEDIMENT FLAME TRAP
PILOT GAS
A4 MOISTURE TRAP ASSEMBLY
INFLUENT PUMPS
BIOGAS BLOWER
(25 m*h each)
DESULFURIZATION
MECHANIZED REACTOR (17.2*2=34.4 mx)
COOLING SYSTEM
) 1
INFLUENT WASTE WATER ELECTRIC
EQVALIZED, SCREENED AND ADLEVE L GENERATION | TO
’ SYSTEM GRID
COOLED TO 35-38 REACTOR
(15,000m°) 1 set > 1,200 kwe

SAMPLE

RECYCLE PUMP

(100 m*/h)

l'"""" ---- l
i EXISTING 1
1
1 EFFLUENT !

1
WASTESLUDGE | ) binG
i POND |
o _____ 1

10



ADI-BVF Reactor 2.2.2

Type “L” ADI-BVF® Digester
Process Schematic

cBo'n‘:fuaf‘t Variable Effluent
Floating insulated level structure
membrane cover 44441 vt Effluent
o RN RN R R R R R R RN A R
Biogas Scum layer )
negative Clarification Zone
pressure ) .
Primary reaction Baffle(s)
zone
Mixer
Distribution system Sludge level varies
Feed
RANS
(recycle}
Supernatant/sludge recycle
WANS T
(waste) -
2.2.2 ADI-BVF Reactor
ADI-BVF Reactor
PVC
PVC
DCS
2.2.3 2.2.4
2.2.5 2.2.6

2.2.7

1



2.2.4

12
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2.2.3
CDM EB
2
AMS-TIT.H. Ver.8
Methane Recovery in Wastewater Treatment
ACMO0014 Ver.1

Avoided methane emissions from wastewater treatment

2.2.3
| AMS-ITILH. | ACMO0014
421 421
22,594 20,098
0 0
678 0
475
312 -
24,005 20,994
60,249 50,223
4,582 4,582
64,831 54,805
0 0
40,826 33,811
AMS-TILH. Ver.8
CER
CDM CDM
2.2.4
Point Carbon CER 2.2.4

TB Eurol3
20US$/t-CO2
2.2.4 Point Carbon CER

CER Dec.-12 US$
CER Euro 7-15 | 10.85-23.25
Secondary CER 08/Dec Euro 16.95 26.3
EUA 08/Dec Euro 22.52 34.9
EUA/Secondary CER Euro 5.57 8.6

16




2.3

2.3.1
IRR 2.3.1 2.3.2
2.3.1 IRR
600 | M¥ 3.7.1
13.4 | M¥/yr 3.8.1
34.1 | M¥/yr 3.8.1
2.1 | M¥/yr 3.8.1
1.2 | M¥/yr 3.8.1
2.67 | Baht/kWh 3.6.1,2
1,200 | kWe 3.1.2
8,984 | MWh/yr 3.5.3
40,826 | t COze 4.5
20 | US$/t COze | 2.2.4
10 4.4
2.3.2
30 | %
2010
60 | M¥
10 5
10%
0| %
0| % IRR
3.26 /Baht
110 /US$
2.3.2 IRR
IRR IRR
IRR
IRR 2.3.3 2.3.1
2.3.2
2.3.3 IRR
IRR -12.2 % 10.6%
6

17



8T

(IR —ExK)

(#IEAI% & %8 600MY, CERER M 105, JL D whizL)

(B HHM)
AEE EETT 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
FEBIRA 78.20 78.20 78.20 78.20 78.20 78.20 78.20 78.20 78.20 78.20
KERILSIE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HE> 78.20 78.20 78.20 78.20 78.20 78.20 78.20 78.20 78.20 78.20
axbk
HRIVS VA TFORE .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
ADIAL T+ R B .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
BREBA T RE .40 .40 40 40 .40 40 40 40 .40 .40
Bt E 34.10 34.10 34.10 34.10 34.10 34.10 34.10 34.10 34.10 34.10
FBER 2.10 2.10 210 2.10 2.10 2.10 2.10 2.10 2.10 2.10
=AY TER 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20
aEt> 50.80 50.80 50.80 50.80 50.80 50.80 50.80 50.80 50.80 50.80
B ffi{E 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0
EEFIES -32.6 -32.6 -32.6 -32.6 -326 -326 -32.6 -32.6 -326 -326
EENER XIFE 0%) - - - - - - - - - -
FEFIIE -32.6 -32.6 -32.6 -32.6 -32.6 -32.6 -326 -32.6 -32.6 -32.6
EAT EABE 30% - - - - - - - - - -
EEGEE -32.6 -32.6 -32.6 -32.6 -32.6 -32.6 -326 -32.6 -32.6 -32.6
Y -32.6 -65.2 978 -1304| -1630] -1956] -2282] -2608] -2934]| -326.0
FrylaJO—5HE EETT 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
EEF -32.6 -32.6 -32.6 -32.6 -32.6 -32.6 -32.6 -32.6 -32.6 -32.6
BAT{E A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fryda/I0—585t 74 7.4 74 74 7.4 74 74 7.4 7.4 74
EABET - - - - - - - - - -
[EASRE - - - - - - - - - -
Fryia7orI0—8% - - - - - - - - - -
Frydaio— 274 27.4 27.4 27.4 27.4 27.4 27.4 27.4 27.4 27.4
SEXER EEFE 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
,;.Lﬁjjﬁﬁ%zuﬁ%) 27.4 54.8 822 109.6 137.0 164.4 19138 192 46.6 74.0
B & E(EHE E) 600.0 600.0 600.0 600.0 600.0 600.0 600.0 600.0 00.0 00.0 00.0
BERE (BEDE) 6274 654.8 682.2 709.6 737.0 764.4 79138 192 46.6 74.0
1&A$ — — — — — — — — - -
BESE - - - - - - - - - -
AEXE 600.0 600.0 600.0 600.0 600.0 600.0 600.0 600.0 600.0 600.0 600.0
FRE 274 54.8 82.2 109.6 137.0 164.4 191.8 219.2 246.6 274.0
| _&AXEE 627.4 654.8 682.2 709.6 737.0 764.4 791.8 819.2 846.6 874.0
af-8X8% 6274 654.8 682.2 709.6 737.0 764.4 791.8 819.2 846.6 874.0
EET 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
274 27.4 74 274 74 7.4 27.4 74 274 274
27.4 54.8 2.2 109. 137.0 164.4 191.8 219.2 246. 274.0
-REER -572. -5452 | -517.8| -490.4 -463.0 | -435. -408.2 | -380.8 | -353.4| -326.0
RR] (FIE BRI, BiigiiA) #NUM! —12.2%
SHET—H -600.0 274 27.4 27.4 27.4 27.4 27.4 27.4 274 27.4 27.4
mnrﬁumL [IRR] (FIEERSY. Bi5IEID) #NUM! —12.2%
(RREtET—4) -600.0 274 27.4 27.4 27.4 27.4 27.4 27.4 274 27.4 27.4
EFl] SR
BEEf ! B iy 2.67 Baht/kWh = 8.70 ¥/kWh
DAL EREEHH) '71// b B ffl US$/t CO2 = 0 ¥/t CO2
Bi{E I (E2E%) (F 5 H 60[BEL—+ 110 ¥/US$
[EFIES 10% 3.26 ¥/Baht
BERURER EEFE 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
-600.0 | 5726 -5452| -5178] -4904| -4630| -4356| -4082| -380.8| -3534| -326.0
1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0.0 0 1 11.0]4F
O HRRA EEFE 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
EX MWh 8,984 8,984 8,984 8,984 8,984 8,984 8,984 8,984 8,984 8,984
HHEEE [tco2

23.1



67

(R¥%—BER)

(¥HAT & %8 600M¥, CERESHAR : 104, YL Py Mt : 20US$)

6.0]%F

(B EHM)
IERmAEE EEEE 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Pal=1 FEEIA 78.20 78.20 78.20 78.20 78.20 78.20 78.20 78.20 78.20 78.20
RHEILD Vb 89.82 80.82 80.82 89.82 89.82 80.82 89.82 89.82 89.82 89.82
<&EF> 16802 | 16802| 16802 16802 16802| 16802| 16802| 168.02] 168.02] 168.02
=R
BRIV ITFORE .00 .00 .00 .00 .00 .00 .00 00 .00 .00
ADIALTF Y RE .00 .00 .00 .00 .00 .00 .00 100 100 .00
REBA TV AE 40 40 40 40 40 40 40 40 40 40
R B ] 34.10 34.10 34.10 34.10 34.10 34.10 34.10 34.10 34.10 34.10
|5 E 210 2.10 210 210 2.10 2.10 2.10 210 2.10 210
E-A) OB 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20
&Et> 50.80 50.80 50.80 50.80 50.80 50.80 50.80 50.80 50.80 50.80
60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0
57.2 57.2 57.2 57.2 572 57.2 572 57.2 57.2 572
XIFE 0%) - - - - - - - - - —
57.2 57.2 57.2 57.2 57.2 57.2 57.2 57.2 57.2 57.2
EINGES 30% 17.2 17.2 17.2 172 17.2 17.2 17.2 17.2 17.2 17.2
401 401 401 401 401 401 401 401 401 401
401 80.1 120.2 160.2 2003 2403 280.4 3204 360.5 4005
THE EEFE 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
57.2 57.2 57.2 57.2 57.2 57.2 57.2 57.2 57.2 57.2
60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0
Fryda/o0—55t 117.2 117.2 117.2 117.2 117.2 117.2 117.2 117.2 117.2 117.2
SEABE R 17.2 17.2 17.2 172 17.2 17.2 17.2 17.2 17.2 17.2
BASBRE - - - - - - - - - -
FrylaForoO—&E 172 17.2 17.2 172 17.2 17.2 17.2 17.2 17.2 17.2
Fyyiao— 1001 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HEGER EEXTH 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
REEE (REES) 100.1 00.1 00.2 400.2 500.3 00.3 700.4 00.4 00.5 | 1,000.5
7€ & FE(H AN & FE) 600.0 600.0 00.0 00.0 600.0 600.0 00.0 600.0 00.0 00.0 600.0
= BERE (EEDER) 700.1 00.1 00.2 | 1,0002| 1,100.3| 1,2003| 1,3004| 1,4004 | 1,500.5 [ 1,600.5
EAD - - - - - - - - - -
FARS 600.0 600.0 00.0 00.0 600.0 600.0 00.0 600.0 00.0 600.0 600.0
F5 100. 00. 00. 400. 500. 00. 700.4 00.4 900.5 ,000.
[ 3 700. 00. 00. 1.000. 11003 12003 | 1.300.4 | 1.400.4 | 1,500.5 ,600.
8- BEXEEH 700. 00. 00. 1,000. 1,100. 1,200. 1,300.4 | 1,400.4 | 15005 1600.5
[EREEE EEEE 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
[B5EEry 20— 100. 00. 00. 100. 100.1 100. 1001 001 001 100.
5 EFryiaIO—DRET 100. 00. 00. 400. 500.3 600. 700.4 00.4 00.5 | 1,000.
BRelREX vy 1 J0—DRi-RABA -499. -399. -299. -199. -99.7 0. 100.4 00.4 00.5 400.
[IRR] (FIE RS}, B2 iEHA) —5.8%) 10.6%
HET—H) -600.0 100.1 100.1 100.1 100.1 100.1 100.1 1001 100.1 100.1 100.1
MERFIZEE [IRR] (FIERRSY, Fi5180) —0.8%) 14.5%
I ) -600.0 117.2 117.2 117.2 117.2 117.2 1172 117.2 117.2 117.2 1172
EEEH | EIHH
Bl 0%| 5 EH i 2.67 Baht/kWh = 8.70 ¥/kWh
DAL EREEHH) 600[ 7L >k Effi 20 US$/t CO2 = 2,200 ¥/t CO2
[RUm S A (GE38%) (B 5 H] 60| ABL—F 110 ¥/US$
[EEIES 10%) 3.26 ¥/Baht
BERURER BEFE 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
—6000 | -4909| -3009| -2098| -1998 -99.7 03 100.4 2004 3005 4005
1 1 1 1 1 0 0 0 0 0
0 0 0 0] 0.996917 0 0 0.0 0 0
PIEDEVINIUN BEEE 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
RBE MWh 8,984 8,984 8,984 8,984 8,984 8,984 8,984 8,984 8,984 8,984
B B [tco2 40826 | 40826 | 40826 40826 | 40826 | 40,826 | 40,826 | 40826 | 40,826 | 40,826

2.3.2



CER 20US$/t-CO2 IRR 10.6%

TB
15
2.4
3
CODecr 70% —65
450 m3/d —400 m3/d 10
10 15 25 US$/t CO2
2.4.1 CODecr
CODecr 70%
CODcr 65% CODcr
2.4.1 CODecr IRR
IRR 9.4 %
37,5688 t CO2e
8,984 MWh
IRR 1.2% CODcr
ADI Systems Inc.
2.4.2
450m3/d BHC

12

400 m3/d

20

IRR



2.4.2 IRR
IRR 8.6 %
37,031t COze
8,609 MWh
IRR 2.0%
TB
2.4.3
10 US$/t CO2 15 US$/t CO2 25 US$/t CO2
2.4.3 IRR
IRR
10 US$/t COz 2.5%
15 US$/t COz 6.7%
25 US$/t CO2 14.2%
2.5
1)TB
TB IRR 15
TB
HsS BHC

SOx 900ppm - 60ppm

21




2)

TB
3)COD

ADI

4)IEE
IEE

65

DE GE

TB
CER EU

70

TB

22

CER

70



3.1
3.1.1
CODcr 65%
70%
60 65% ADI Systems Inc. 65%
AMS-IIL.H.
3.1.1
No.
1 70 | % ADI Systems Inc.
CODcr 70
65
2 65 | % ADI Systems Inc.
3 0.21 | kg CHs/kg COD | AMS-IILH.
0.294 | Nm? CHu/kg COD
4 8,550 | kcal/Nm3
35.8 MJ/Nm3
3.1.2
CODcr 65% 70%
3.1.2
Biogas Flow & Electric Generation: Nakhon Pathom Biogas Project
Wastewater flow 450 m3/d Measure
COD of the untreated wastewater 115 kgCOD/m3 Laboratory
Day of releasing wastewater 330 daysfyr Report

Methane producing capacity

0.21 kgCH4/kgCOD

Volume of one mole of any ideal gas at normal

22.4 Nm3/kmol

UNFCCC uses 0.21 kgCH4/kgCOD

i 3
-{o.ukg cHa4l22.4Nm ‘ Kkmol
|

|

1

Molecular mass of methane

16 kgCH4/kmol

kgCcoD | kmol ‘wkgcm

7 1
N3 !
}:029‘ w
|

|

ADI uses 0.294 Nm3/kgCOD

Biogas methane concentration

65 %

ADI information

Methane calorific value

8550 kcal/Nm3

960.68 Btu/ft3

3
N ‘ ikeal 35315 ft

il 8550kcal ‘3.9638(11 | inms |
1 3|
H
|

KG 's assumption data

3 i Methane fuel heat value:
950-1050 Btu/ft3 (Pure CH4 std)

Biogas Volume Calculation

COD removal efficiency

65% (Guarantee)

70% (Design)

ADI information

COD of the treated wastewater

40.25 kgCOD/m3

34.50 kgCOD/m3

Methane gas flow per day 9889.43 Nm3/day 10650.15 Nm3/day
Methane gas flow per day 349245.04 Nft3/day 376110.05 NTtSlday 1m3=35.315 ft3

Biogas flow per day

15214.50 Nm3/day

16384.85 Nm3/day

Electric Generation Calculation |

Total Methane calorific value

13979697.03 Btu/hr

15055058.34 Btu/hr

23

Total Energy Input 4096.01 KW 4411.09 kW 1kW = 3413 Btu/hr
Electric Generation Output 1229 kW 1323 kw
Thermal Efficiency 30.00 % 30.00 %

444Nm3/h 683 Nm3/h




3.2

3.2.1
5,000 5,500 kcal/m3 58 65
30 35%
35 40 %
TB BHC
TB
BHC
3.2.2
3.2.1
J420 GS | -
1,413 | kW(th)
419 | %
6.5x1.8x2.2h | m
14,800 | kg
6,600 | V
3.1.2
1,200kWe 1
22kV/380V 250k VA
GE
3.2.2 GE
No.
1 1200x1 kWe
2 380 A\
3 50 Hz
4 30 %

24




3.3

3.3.1
S
BHC
ppm
H2S
H2S
SO42 S SO42
Fe20s 3H20 3H2S — Fe2Ss 6H20
Fe20O3 3H20 3H2S — 2FeS S 6H:20
3.3.1
(%) 95 50 80

25



3.3.2

3.3.3

(a)
(b)
(c)
(c)

2

488 Nm3/h 10 444 Nm3/h
20 50

800ppm 1,500ppm

1,500ppm 60ppm
SS400/ SUS304
@2,800mmx5,000mmH
0.49kPa
250m3

26



3.3.4

Enclosed Flare
488 Nm3/h 10

FLAAS AREEATEN AN ul T AT

3.3.1

27



3.4.1

330 /

24 /

330 /

330*24=
7,920

330%24=
7,920 9

3.5

144kWh 8256MWh/yr
3.5.1

Estimated Annual Electrical Consumption
Nakhon Pathom Biogas Plant Project

Item Installed Qperating Continuous( Estimation Principal
(kW) Period(kWhly) kW)
ADI SUPPLY EQUIPMENT
Blower 1/2 11.25 31680 4 ADI estimation
Blower 2/2 11.25 31680 4 ADI estimation
Recycle Pump 5.5 7128 0.9 ADI estimation
Srec Pump 5.5 7128 0.9 ADI esti )

TTCL SUPPLY EQUIPMENT

Motorized Pinch Valve (Mov) 2 79.2 0.01 TTCL estimation (average operation)

MCS Cooler Pump 1/2 4 11880 1.5 TTCL estimation (rated power with alternate operation)
MCS Cooler Pump 2/2 4 11880 1.5 TTCL estimation (rated power with alternate operation)
MCS Cooling Tower Pump 1/2 40 118800 15 TTCL estimation (rated power with alternate operation)
MCS Cooling Tower Pump 212 40 118800 15 TTCL estimation (rated power with alternate operation)
MCS Cooling Tower 40 237600 30 TTCL estimation (rated power operation)

Chemical Dosing Unit 2 792 0.1 TTCL estimation (average operation)

Influent Pump 1/2 3.7 10929.6 1.38 TTCL estimation (rated power with alternate operation)
Influent Pump 2/2 3.7 10929.6 1.38 TTCL estimation (rated power with alternate operation)
Motorized Pinch Valve (Mov) 2 237.6 0.03 TTCL estimation (average operation)

Storm Drain BVF Pond Pump 5.5 7128 0.9 TTCL estimation (average operation)

Storm Drain BVF Pond Pump 55 7128 0.9 TTCL estimation (average operation)

Storm Drain BVF Pond Pump 55 7128 0.9 TTCL estimation (average operation)

Under Drain BVF Pond Pump 40 5544 0.7 TTCL estimation (average operation)

Lighting Panel 30 990 0.13 TTCL estimation (use 14 W /80 W Phillip energy save

remaining 29.75 kW installed for spare power plug)

H,S SCRUBBER UNIT

Technical Process Unit 15 99000 12.9 SCAN AIRCLEAN )

Gas Enigne

Internal Demand 60 99000 51.6 GAS ENGINE estimation
Tatal 336.4 825462 144

NOTE-1 : Rated power = Driver power x 0.75 (0.75 ~ 0.85)

28



3.5.2

No.
1 %
2 ) 5| % 5%
3 0] %
4 0] %
) 60kW
PEA 51.6kW
5 0.5|%
6 35 /
3.5.3
2010 2011 2012 2013 2014
MWh/yr 8,984 8,984 8,984 8,984 8,984
2015 2016 2017 2018 2019
MWh/yr 8,984 8,984 8,984 8,984 8,984
3.6
Electricity
Generating Authority of Thailand EGAT
Metropolitan Electricity Authority MEA
Provincial Electricity Authority PEA
Independent Power Producers IPP
90,000kW Small Power Producers SPP
EGAT SPP MEA
PEA 1MW Very Small Power Producer
VSPP VSPP 1MW
1.2MW SPp 1MW
VSPP
1.1IMW VSPP VSPP
PEA 2.67 BTH/kWh 3.6.1 VSPP
Electricity Calculation Cost Method Purchase by PEA 3.6.2 VSPP

Electricity Cost Calculation

VSPP Purchases from VSPP

29




0€

VSPP Electricity Calculation Cost Method ( Purchase by PEA)

General Data And Assumption
Assume : 1 Special Holiday / Month

Plant Installed Power (consumption) 144.0 kW

Plant Capacity (generation) 1,200.0 kW
Working Day/Month 21.0 Day/Month
Total Holiday and Special Holiday per Month 9.0 Day/Month
Total Peak Time Hour (09.00 a.m. - 10.00 p.m. ) of Working Day 273.0 hr/Month
Total Off Peak Time Hour ( 10.00 p.m. - 09.00 a.m. of Working Day 447.0 hr/Month

and The whole day of Holiday and Special Holiday )

Calculation Method

Peak
VSPP Purchase from PEA / Month 39,312.0
VSPP Power Consumption 144.0
Reactive Power Consumption** 0.0
Power Factor Cost ( Calculate from kVAr over than 61.97% of power consumption )** 0.0
Annual Electric Generated 327,600.0
1. PEA Electricity Cost Calculation ( VSPP Purchases from PEA ) 103,680.0 kWh/Month

Price/Unit

Peak 2.8408 Bth/kWh
Off Peak 1.2246 Bth/kWh

Power Consumed Cost * (A0)

Power Required Cost (Bo) 210.0 Bth/kW
Power Factor Cost ** ( Approx. 1% of [ (Ao)+(Bo)+(Co) ])

Fuel Adjustment Charge ( Ft. Cost) 0.7842 Bth/kWh
Service Fee * (Co)

Total *
VAT 7%

VSPP Paid to PEA (No.1)

Off Peak

64,368.0 kWh/Month
144.0 kw
0.0 kVAr
0.0 kVAr
536,400.0 kWh/Month

Quantity Total Cost

39,312.0 kWh/Month 111,677.53 Bth/Month
64,368.0 kWh/Month 78,825.05 Bth/Month

190,502.58 Bth/Month

144.0 kW 30,240.00 Bth/Month
2,209.71 Bth/Month

103,680.0 kwWh/Month 81,305.86 Bth/Month
228.17 Bth/Month

304,486.32 Bth/Month
21314.04 Bth/Month

325,800.36 Bth/Month

3.6.1 VSPP Electricity Calculation Cost Method (Purchase by PEA)



1€

2. VSPP Electricity Cost Calculation( PEA Purchases from VSPP) 864,000.0 kWh/Month

Quantity of kWh Less than or Equal kWh Purchase from PEA ( Peak ) : Retrail Price Sell
Quantity of kWh More than kWh Purchase from PEA ( Peak ) : Wholesale Price Sell
Quantity of kWh Less than or Equal kWh Purchase from PEA ( Off Peak ) : Retrail Price Sell
Quantity of kWh More than kWh Purchase from PEA ( Off Peak ) : Wholesale Price Sell

Power Consumed Cost *
Fuel Adjustment Charge ( Ft. Cost) Retrail Price Sell
Wholesale Price Sell

Total Power Consumed Cost and Ft. Cost
Adder Price ( Only for kWh more than kWh purchase from PEA) Biogas

Total *
VAT 7%

PEA paid to VSPP (No.2)
3. Net Electricity Cost Calculation

VSPP Receive From PEA (No.2)-(No.1)

Price/Unit

2.8408 Bth/kWh
2.9278 Bth/kWh
1.2246 Bth/kWh
1.1154 Bth/kWh

0.7842 Bth/kWh
0.7787 Bth/kWh

0.30 Bth/kWh

Quantity

39,312.0 kWh/Month
288,288.0 kWh/Month
64,368.0 kWh/Month
472,032.0 kWh/Month

103,680.0 kWh/Month
760,320.0 kWh/Month

760,320.0 kWh/Month

Total Cost

111,677.53 Bth/Month
844,049.61 Bth/Month
78,825.05 Bth/Month
526,504.49 Bth/Month

1,561,056.68 Bth/Month
81,305.86 Bth/Month
592,061.18 Bth/Month

2,234,423.72 Bth/Month
228,096.00 Bth/Month

2,462,519.72 Bth/Month
172,376.38 Bth/Month

2,634,896.10 Bth/Month

2,309,095.74 Bth/Month

A. VSPP ( Power Consumption 144 kW ) Paid to PEA 3.14 Bth/kWh

B. VSPP ( Power Generation 1200 kW ) Sold to PEA 3.05 Bth/kWh

C. VSPP ( Net Profit) Received From PEA 2.67 Bth/kWh

Note

1. * = Bth/Month

2. * = In general, power factor cost are very complicate to estimate, thereby it is assume that PF. costis 1% of power cost [ (1) + (2) + (3) ]
3. This calculation method is called TOU Rate( Time of Used ) Method . The Elec.cost rate depend on use time ( Peak time and Off Peak Time ).
4. The blue numerical fixed by PEA

5. The red numerical base on VSPP

3.6.2 VSPP Electricity Cost Calculation (VSPP Purchases from VSPP)



3.7
3.7.1

1 US$
1 US$
1 Baht

36.7 Baht
110
3.26

ADI-BVF Reactor

3.7.

1

EPC

C )

(1)
(2)
(3)
(4)

FOB

30,000

(1)
(2)

3)

(4)
6Y)
6
(7
®
€)

ADI-BVF Reactor

172,000

ADI Systems Inc.

450m3/d
CODcr
115,140mg/1

32




3.7.1

C )

(1)
1)
2)
3)
4)
5)
6)
7)

2

(3)

(4)
1)ADI-BVF
2) EQ

(5)

(6)

RC
RC

229,000

144,000
1,200kWex1

(1) SV
2 SV
(3)

(4)

25,000

600,000

3.7.2
TB

17

3.7.2

3.7.2

100

TB
IRR

70
30

30% CER
CER

CDM 1 Baht
5,000,000Baht
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3.8

3.8.1

9.0M¥/yr 1.0 ¥/kWh 35
1.0 ¥/kWh *8,984,000
kWh/yr =9.0 M¥/yr
2.0M¥/yr | ADI Systems Inc. 35 /
ADI-BVF Reactor
2
PVC
2.4M¥/yr 1week
13.4M¥/yr
34.1M¥/yr 400 ¥/kg 400 ¥/kg *10,649 kgl
90 *4%2
10,649 kg/ 90 =34.1(M¥/yr)
1.2 M¥/yr 2
2.1 M¥/yr 4
50.8 ¥/yr
3.8.2 Baht
Parameter Description of LAEM Unit | Number | Cost / unit | Total Cost / Year |

wastewater flow continuously En pos 1 4,000 M
COD influent 1o the digester muomthiy LA time 12 AS00 SA000
COD efMuent from the digester mnthly LA time 12 4500 540000
A oloctricity consumed by the biogas plan by Eh pes 1 B 2300 A0
|clectricity cutput from G or continuaasty EM pea 1 2500 2500
Ihum generation from the reactor asly EM pos_ 1 A0 A0
[biopgas flow at power generating unit inlet s ly EM pos 1 Lartt 4000
[biogas flow into flare continuously EM pea 1 000 S000
remiperature of the exhaust gas in flare e continuoushy EM pes 1 _ e 3000
duration of $00 *C in flare """‘“‘“""""“h‘u‘:"}'f: :':"W““"" EM pes 1 0 3000
studge npplication | %nm':ﬁ;ml - e 1152 150 172800
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3.9

PDD 2007 2008
2010
3.9.1
2007 2008 2009 2010
4 10 4 10 4 10 4 10
(1
FS « >
FS-PDD <«
2 FS
——>
IEE >
<«PIN
PDD  Validation PDD
3
—>
(4)
R e
[y
(5) PN

(6)

35




3.10

3.10.1
KG PDD
CDM
(host) | Thai Beverage PLC TB
(host) | Bionic Humus Co.,Ltd
BHC
(host) | Toyo-Thai Corporation
Limited TTCL EPC( / )
FS PDD Validation DNA UNFCCC
Verification DNA CER
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4.1

Pond

EQ
ADI-BVF Reactor

Emissions from
methane release in
capture and flare
systems

f

Flare Stack
Excess Biogas
Emergency flaring

Gene. Sets
Biogas electricity
production

!

Grid Fed Electricity

BOD 20mg/I

Pipeline

COD 120mg/l

1 | Project boundary

Alcohol Factory Facility
Production of Alcohol product
Production of wastewaters

from Alcohol

1

1

1

1

1

: Use of electricity
[}

1

[}

| product

Equalization Pond EQ
Smoothing of inflow to the
treatment process

v

ADI-BVF Reactor
Received wastewater flows
Delivers biogas

Equalization

Treated water

Pond
Receives waste-water from Digester

37
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4.2

Business-as-usual

DOE
FCCC/CP/2002/7/Add.3 1 B
CDM
(1)
2)
3)
(4)
@
1
2
3 ADI-BVF Reactor
IRR CERs

IRR
2007 Economic data 5.14

38

21/CP.8

ADI-BVF Reactor

12.2%

2.3.3

Bank of Thailand



@

Business-as-usual

COD 120mg/l
2
Reactor
3

ADI-BVF Reactor

ADI-BVF Reactor

Reactor

ADI-BVF Reactor

39

Business-as-usual

BAU

ADI-BVF

ADI-BVF

ADI-BVF Reactor



(3)

3)-1

3)-2

(4)

421

Y/N

Y/N
Y/N

NA
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ADI-BVF Reactor

4.3
43.1

BNE SPC

DOE

Business-as-usual

TTCL

Bio Natural Energy
Company Limited (BNE)

* Data evaluation/
* Electronic data storage

- CDM Manager

<

* Supervision & Training

CDM Co-ordinator
in Site

!

* Data Collection

On-Site Operators,
provided by TTCL (*)

TTCL

Submitted by TTCL

- Manual

- Procedure for Monitoring

t Cooperated by TTCL

- Design

Philosophy

- Operation Philosophy
- Maintenance Philosophy
- CDM Monitoring Philosophy

43.2

(*) In future, BHC's Existing Staffs will perform as an operator under management of BNE.

43.1
TTCL

BNE
CDM

41

CDM
TTCL

CDM

BNE




43.1

330

QA/QC

N/A

N/A

Qd,ww

m3/d

450

QA/QC

Qyww

148,500

Qy,ww = Qd,ww *D

QA/QC

CO Dy,ww,untreated

t/m3

0.115

QA/QC

N/A

42




43.1 /

CoO Dy,ww,treated

t/ms3

0.0345

QA/QC 3

N/A

EPcomsumed

MWh

825

QA/QC IEC521

EPsio

MWh

/ /PEA

8,984

QA/QC IEC521
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43.1

THare

°C

500

QA/QC

N/A

Tflare_time

min/h

500

/

500

QA/IQC

Syifinal

t

QA/QC

N/A

Tbiogas

K

N/A —

95%

QA/QC

N/A
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43.1 /

Pbiogas

bar

N/A —

95%

QA/QC

N/A

DOCy,s,finaI

AMS-I111.H

AMS-I111.H.
IPCC 0.09

35%

0.09

QA/QC N/A

N/A

M CFs,finaI

AMS-I11.G.

0

QA/QC N/A

N/A

Vtotal

m?3 at normal conditions

5,406,999

95%

QA/QC

N/A
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43.1 /

Vgene

m3 at normal conditions

91%

95%

QA/QC /

Vlare

m?3 at normal conditions

9%

95%

QA/QC /

PcHa

%

65

4 95%

QA/QC
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4.4

13 15
10 10
2010-2019 CER
4.5
45.1
ADI-BVF Reactor
CHa4
CO2
45.2
1)
AMS- I11.H version08, scope
13, dated 14 December 2007 AMS- 1.D
versionl12, scope 1, dated 10 August 2007
1) = BEy + BEgid = 60,249 + 4,582 = 64,831 tCOze
2) 3
BEy = tCO2e
BEgria = tCO2e
2) BEy
COD Bo

MCF

47



BEy = Qy,ww * CODy,WW,untreated * BO,WW * MCFww,treatment * GWP_CH4
= 148,500 * 0.115 *0.21 * 0.8 * 21 = 60,249 tCO2e

451
Qdww 450 | m3/day
D 330 | Days 2006
Qyww 148,500 | m3 Qyww = Qdww * D
CODy,ww,untreate 0.115 | tonnes/m3
/ d
Boww 0.21 | kg CHa/kg | AMS-II1.H.
COoD IPCC
M CFww;treatment 0.8 | - IPCC
MCF
AMS-I111.H.
i.H.1.
2m
GWP_CH4 21 | - AMS-II11.H.
3) (BEgria)
BEgria = EP 810 * EFgria= 8,984 * 0.51 = 4,582 tCO2e
4.5.2
EP eio 8,984 | MWh
1 *1,200 kWe *24 h *330
Days *0.95*0.995=8,984 MWh
* 01
* 1,200 kWe
* 124 h
* : 330 Days
« () 5%
* :05%
EFgrid 0.51 | kg CO2e/kWh | AMS-1.D./ACMO0002
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OM
BM CcM
CO2e/kWh
KWh
AMS-1.D. 9.(a)

AMS-1.D.

BEgria = EPsio * EFgrid (1)

BEgrid = t CO2e
EPsio =
MWh
EFgria = kg COz2e/kWh
OM BM 50%
EFgric = wom * EFomy + wam * EFBwmy (2)
Wom =
0.5;
WBM =
0.5;
EFomy = tCO2/MWh
EFemy = tCO2/MWh
ACMO0002 4
(@) OM Simple OM
(b) OM Simple Adjusted OM
(c) OM Dispatch Data Analysis OM
(d) OM Average OM
oM
2 oM
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DEDE

LC/MR 6.3%
50%
€) oM
1) 5 2)
OM
45.3 2002-2006 (103 MWh)1.2
3 LC/MR
103 %
MWh
2002 7,471 2,616 168 | 16,652 | 69,538 2| 96,447 7,473 7.7
2003 7,299 2,941 180 | 16,807 | 76,332 2 ]103,561 7,301 7.0
2004 6,040 7,138 551 | 17,993 | 80,489 2| 112,213 6,042 54
2005 5,798 8,244 414 | 18,334 | 85,703 2 | 118,495 5,800 4.9
2006 8,125 8,350 143 | 22,051 | 86,339 3] 125,011 8,128 6.5
6.3
: Electricity Power in Thailand 2006, p. 21.
1. 13,731GWh SPP VSPP
2.
3.
oM EFOM,simp/e, y /
tCO2/MWh
3
Z F.;,.COEF,
EFOM y = EFOM simple,y = = (3)
ZGEN iy
J
Fijy = /
y /
i
COEFij = i CO2 Yy /
tCO2/

50




GEN;y =

CO2

J

COEFi

COEFi= NCVi* EFcozi *OXIDi  (4)

MWh

NCV= i
EFcozi= i CO:2
OXIDi=
454
(NCV)4 5 6
tC/TJ %
TJ/unit 108 Btu/unit
( ) 1.02 970,000 15.3 1
39.77 37,700,000 21.1 1
10.47 9,920,000 27.6 1
36.42 34,520,000 20.2 1
CO2/C 44/12
4. Electric Power in Thailand 2006, p. 41 Mae Moh
5. 2006 IPCC Guidelines for National Greenhouse Gas Inventories: Volume 2, Table 1-4, p. 1.23
6. 2006 IPCC Guidelines for National Greenhouse Gas Inventories: Volume 2, Table 1-4, p. 1.23
45.4
CO2 (4)
455 CO2
CO2
COEF
57.22 | tCO2/m ft3
3076.87 | tCO2/m litres
1059.56 | tCO2/k tonnes
2697.51 | tCO2/m litres
2004-2006 CO2
0 tCO2/MWh
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4.5.6 CO:2 (SPPs ) 2004-2006
v 4 CO2 8 CO2 9
GEN F * COEF (F * COEF)/GEN
F MWh tCO2 tCOz2 / MWh
2004
724,560 | m ft3 80,489,000 41,460,772 0.52
1,697 | m litres 7,138,000 5,218,448 0.73
16,537 | k tonnes 17,993,000 17,521,944 0.97
120 | m litres 551,000 323,701 0.59
- 3,388,000 0 0
109,559,000 64,527,866 0.59
2005
764,118 | m ft3 85,703,000 43,724,360 0.51
1,996 | m litres 8,244,000 6,141,433 0.74
16,571 | k tonnes 18,334,000 17,557,969 0.96
83 | m litres 414,000 223,893 0.54
- 4,419,000 0 0
0.58
2006
857,103 | m ft3 86,339,000 49,045,148 0.57
2,030 | m litres 8,350,000 6,246,046 0.75
17,166 | k tonnes 22,051,000 18,188,407 0.82
41 | m litres 143,000 110,598 0.77
- 5,159,000 0 0
122,042,000 73,590,199 0.59
7. Electric Power in Thailand 2006, p. 21, 23, 25
8. CO:
9. ACMO0002 0tCO2/MWh
2004 2006 3 oM 0.59
457 OM , 2004-2006
CO2 oM
Y MWh tCO2 tCO2/ MWh
2004 109,559,000 64,527,866 0.59
2005 117,114,000 67,647,655 0.58
2006 122,042,000 73,590,199 0.59
0.59
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> F.my COEF,,
EFgy, =" 5
BM.y ZGENm,y 5)
m
Fi,m,y COEFim GENm,y m oM
Fimy= Yy m
m MWh 20%
5
COEFm,j= m i CO:2 tCO2/
GENmy = m MWh
PDD 1 2 1
1
PDD m
EFsmy
m MWh
20%
5
2

DEDE EPPO
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4.5.8 DEDE EPPO

(Gwh) (TJ)
EPEC 25-Mar-03 1,922 7,083 14,363
Grow 31-Jan-03 4,298 6,850 31,062
Ratchaburi | 18-Apr-02, 12,315 7,262 94,355
1-Nov-02
SPP-collect | post 28-Oct-00 1,236 - 0
ive
SPP-collect | post 28-Oct-00 1,352 - 9,386
ive
Ratchaburi | 22-Oct-00 3,451 10,110 36,810
24,57410 185,976
10. Electricity Power in Thailand 2006 2005 118,495 GWh
118,495 GWh 20% 23,699 GWh
BM 0.42
459 2003 BM
CO2 CO2
GEN COEF
MWh F tCO2/kt tCO2
23,338,000 3874.3 | kt 2692.80 10,432,754
1,236,000 - |- - -
24,574,000 3874.3 | kt - 10,432,754
BM 0.42
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)

4)

PEy = PEy, power + PEywwtreated + PEys final + PEyfugitive + PEy.dissolved
4) 5) 6) 7) 8)
=421+ 22,594 +0+ 678 + 312 =24,005 tCO2e

PEy tCO2e

PEy,power tCO2e
PEyww treated tCO2e
PEysfinal tCO2e
PEy,fugitive tCO2e
PEy,dissolved tCO2e

PEy,power
PEy,power = EPcomsumed * EFcomsumed

=8257*0.51=421 tCO2e

4.5.10

EPcomsumed 825 MWh 351

EFcomsumed 0.51 | kg CO2e/kWh | AMS-1.D./ACM0002
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5)

P Ey,ww,treated

PEy,ww,treated = Qy,ww * CODy,ww,treated * Bo,ww * MCFww,finaI * GWP_CH4

=148,500 * 0.0345 *0.21 *1.0* 21 =22,594 tCO2e
45.11
Qyww 148,500 | m3
COD CODy,ww;treated 0.0345 | tonnes/m3
Bo,ww 0.21 kg CH4/kg
COD
MCFwwfinal 10 - IPCC
MCF
AMS-I11.H.
1.H.1.
2m
GWP_CH4 21 | -
6) PEy,s,finaI

PEy,s,finaI = Sy,final * DOCy,s,finaI * MCFs,finaI *DOCF*F * 16/12 * GWP_CH4
=0*0.09*0*05*05*16/12*21=0 tCO2e

4512
Syifinal 0 | tonnes N/A
DOCys final 0.09 | - AMS-I11.H.
IPCC
MCFs,finaI 0 -
DOC DOCk 05 |- AMS-I11.H.
IPCC
F 05 - AMS-I11.H.
IPCC
GWP_CH4 21| -
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7) (PEy,fugitive)
PEy,fugitive = PEyfugitiveww + PEyifugitives = 678 0=678 tCO2e

7)-1 7)-2
PEy,fugitive,ww
(tCO2e)
PEy,fugitive,s
(tCO2ze)
7)-1
PEy,fugitive,ww = (1 - CFEWW) * Qy,ww * CODy,ww,untreated * Bo,ww * MCFww,treatment *
GWP_CH4
=(1-0.9) * 148,500 * 0.115 * 0.21 * 1.0 * 21 = 678 tCOqze
4.5.13
CFEww 0.9 - AMS-II11.H.
enclosed flares
Qy,ww 148,500 m3
CODy,ww,untreate 0.115 | tonnes/m3
/ d
Boww 0.21 | kg CHa/kg
COD
MCFww,treatment 1.0 | - IPCC
MCF
AMS-I11.H.
Hi.H.1.
2m
GWP_CH4 21 | -
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7)-2
PEy,fugitive,s = (l - CFES) * Sy,untreated * DOCy,s,untreated * DOCF * F * 16/12 *
MCFstreatment * GWP_CH4
=(1-09*0*0.09*05*05*16/12*1.0*21=0 tCO2e

4514
CFEs 0.9 - AMS-II11.H.
IPCC
Sy,untreated 0 | tonnes
DOCy,s,untreated 0.09 | -
DOC DOCk 05 -
F 05 |-
MCFs,treatment 1.0 IPCC
MCF
AMS-I111.H.
1.H.1.
2m
GWP_CH4 21 | -
8) (PEy,dissoIved)

PEy,dissoIved = Qy,ww * [CH4]y,Ww,treated * GWP_CH4
= 148,500 * 104 * 21 =312 tCO2ze

45.15

Qyww 148,500 | m3

[CHA4]ywwtreated 10e-4 | tonnes/m3

GWP_CH4 21 -
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AMS-1.D

12 AMS-IIILH 8
ERy = ( PEy + Leakagey)
ERy = (tCOzelyr)
45.16
(t-CO2 €) (t-CO2 €)
(t-CO2 e) (t-CO2z )
2010 64,831 24,005 0 40,826
2011 64,831 24,005 0 40,826
2012 64,831 24,005 0 40,826
2013 64,831 24,005 0 40,826
2014 64,831 24,005 0 40,826
2015 64,831 24,005 0 40,826
2016 64,831 24,005 0 40,826
2017 64,831 24,005 0 40,826
2018 64,831 24,005 0 40,826
2019 64,831 24,005 0 40,826
648,310 240,050 0 408,260
t-COz e
4.6
4.6.1 EIA
EIA National Environmental
Quanlity Act NEQA EIA 10MW
1,200 kWe EIA
4.6.2 IEE
IEE DNA TGO PDD
IEE ONEP IEE
B
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2.
3.
- ( )
BOD 20mg/l COD 120mg/I
1 2
1 1,200kWe Very Small Power
Producer (VSPP) PEA Provincial Electricity Authority
New Power Plants
4.6.1 Power plant using biomass all sizes
Pollutants Unit Emission Standard
Value
SOx as SOz at 7% O2 ppm 60
NOx as NO2 at 7% O2 ppm 200
Particulate mg/ms3 120

: Notification of the Ministry of Industry, Subject: Stack Emission Standard
of Power Plant, B.E. 2547 (2004), published in the Royal Government
Gazette, vol. 121, special part 113D, dated October 7, B.E. 2547 (2004).
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4.7
4.7.1

4.7.2

4.7.3

4.8

(@) Thai Beverage PLC

ADI

B

BHC

(b) Bionic Humus Co.,Ltd BHC
B

B

CER B
BHC

61

BHC

B



4.9

(c)DEDE Department of Alternative Energy Development and Efficiency

CDM

NGO
B

CER )

CDM
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5.1

5.1.1

1. 51  4,000km2

2. 6,242 (2005 )

3.

4.

5.

6. 95 4

7. 13
(14 18 ) (1767 1782)
(1782 ) 1932

5.1.1
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5.1.2

(5

(11

3

10

30

40

64

40 500
35 450
400
30
350
25 300
2 250
5 200
150
10
100
5 50
0 0
1 4 7 8 9 10 11 12
5.1.2




5.1.3

2 ( 9 )
(1946 6 60 )
3. 2492
4, )
2
5. 1932 1992
5
1997 2001 1
2005 2
2
2006 2
4
9
8 19 8 24
12 23
2
1 87
100

65

98



5.1.4

1. 40% GDP(2004 ) 10%
15% GDP( ) 35%
85%

2.GDP 1,633 (2004 )
3. GDP 2722 (2004 )
4. 4.5%(2005 )
5. 4.5%(2005 )
6. 2.0%(2004 )
7. (1) 961 (2004 )
2 944 (2004 )
8. (2004 )
(D
2
9 (2005 )
(1 1. 2. 3. 4. 5.
2 1. 2. 3. 4. 5.UAE
10.
11. 1 38 06 7 )
12. 80
97 7
IMF
2001 2

2003 6.9% 2004 6.1%
2005
4.5%
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oy
@

3

ey

oy

()

(

()

)

448.52 (2003 E N )
5.0 (2004 E N )
93
47.02 (2004
(2002 )
(2 (3) (@)) (5)
80
1,200 97 7
)
2002 2003 2004 2005 2006
16,485 18,537 21,922 24,776 26,651
13,145 13,759 15,253 19,625 19,625
(2004 )
( )
( )
1,273 (2006 )
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5.1.5
)

6,308 03 ) (15 ) 3,490
3,384 ( )
1,388 (41.0%)
95 3
97
98
142 4.4% 97 63 1.9% 2002
2.2%
2004 2.1%
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5.2
e))

25%

(2

Particulate

20

BOD

69

DO

BOD

5%

TSP Total Suspended

10



5.2.1

(1)

75% 25%

5.2.1
5 5.2.2
BOD 27
5.2.3

Industrial Estate Authority of Thailand,A.D.1979
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5.2.1 ( )
(mg/liter)
2 3 4 5
Color,odor and Taste/ n n n n
Temperature/ () n n' n' n'
PH n 5-9 5-9 5-9
DO:Dissolved Oxgen/ 20% n 6 4 2
BOD/ G 20 ) 80% n 1.5 2.0 4.0
Coli. Bacteria/ (MPN/100ml)
Total Coliform/ 80% n 5,000 20,000
Fecal Coliform/ 80% 1,000 4,000
NO3-N/ n 5.0 5.0 5.0
NH3-N/ n 0.5 0.5 0.5
Phenol/ n 0.005 0.005 0.005
Cu/ n 0.1 0.1 0.1
Ni/ n 0.1 0.1 0.1
Mn/ n 1.0 1.0 1.0
Zn/ n 1.0 1.0 1.0
Cd/ n 0.0005 0.0005 | 0.0005
Cr6+/6 n 0.05 0.05 0.05
Pb/ n 0.05 0.05 0.05
T-Hg/ n 0.002 0.002 0.002
As/ n 0.01 0.01 0.01
T-CN/ n 0.005 0.005 0.005
Radioactivity/ (Bq. liter)
(alpha) 0.1 0.1 0.1
(beta) 1.0 1.0 1.0
Pescticides/ n 0.05 0.05 0.05
DDT/ (ng/liter) n 1.0 1.0 1.0
a-BHC/ (ng/liter) n 0.02 0.02 0.02
Dieldrin/ (ng/liter) n 0.1 0.1 0.1
Aldrin/ (ng/liter) n 0.1 0.1 0.1
Heptachlor & Heptachlor epoxid/
(ng/liter)

Endrin/ (ng/liter) n none none none

1 n

2 n 3

«C ) 1994 8

(Notification of the National Environmental Board, No. 8, A.D.1994)
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5.2.2

D
(2)

0
(2
3
(4)

D
(2)

(1
2
3)

1 4
o))

1994 8
(Notification of the National Environmental Board, No. 8, A.D.1994)
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2)
(a)

5.2.3 1992
1996 MOSTE
MOI
BOD COD
5.2.4
Cu Mn Cr
Cd Cd
0.03mg/liter 0.1mg/liter  1/3
Se
0.1mg/liter 0.02mg/liter
(b)
5.2.4
TDS 3,000 5,000mg/liter
1,000mg/liter
BOD COD
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()

5.2.3

BOD/

20mg/liter

COD/

120mg/liter

Color & odour

Cyanide as HCN

0.2mg/liter

DS Dissolved Solids
/

3,000mg/liter

5,000mg/liter

1) TDS 2,000mg/liter

2)
Formaldehyde/ 1.0mg/liter
Free Cl/ 1.0mg/liter
Cu/ 2.0mg/liter
As/ 0.25mg/liter
Ba/ 1.0mg/liter
Cd/ 0.03mg/liter
Cr6+/6 0.25mg/liter
Cr3+/3 0.75mg/liter
Pb/ 0.2mg/liter
Mn/ 5.0mg/liter
Hg/ 0.005mg/liter
Nv/ 1.0mg/liter
Se/ 0.02mg/liter
Zn/ 5.0mg/liter

Fat, Oil and Grease/

5mg/liter
15mg/liter

Phenol/ 1.0mg/liter
Sulfide as H2S/ 1.0mg/liter
SS: Suspended Solids/ 50mg/liter
150mg/liter
Temperature/ () 40
TKN/ 100mg/liter
200mg/liter (
)
pH 5.56-9.0
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( ) 1996 3 (Notification of the Ministry of Science,
Technology and Environment, No.3,1996)
1996 4  (Notification of the Ministry of Science,
Technology and Environment, No.4, 1996)
1996 3 (Notification of the Pollution Control
Committee, No.3,1996)

5.2.4
(mg/liter)
( ) ( )
F/ 15
T-CN/ 0.2 0.2 0.2 1.0
Org. P/ - - - 1.0
As/ 1.0 0.25 0.25 0.1
Color & odor/ -
HaS/ 1.0 1.0 1.0
S04 2/ 500 - -
NO3 2/ 10
Free Cl/ 100 1.0 1.0
Se/ 0.02 0.02 0.02 0.1
T-coli. Bacteria./ - - - 3,000
(number/100 ml)
T-N/ 100 100 100 - 200 120
P/ - - - 16
PCB/ 0.003
Detergent/ 100 -
Trichloroethylene/ - 0.3
Tetrachloroethylene/ 0.1
Formaldehyde/ 1.0 1.0 1.0
Phenol/ 10 1.0 1.0 5.0
Glucose/ 500 - -
Ethylene Glycol/ -
Pesticides/
1
2)
( ) The notification of the Ministry of Science,Technology and Environment,

No.3,A.D. 1996 issued under the Enhancement and Conservation of the

National Environment Quality Act,A.D.1992
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5.2.2
)

1995
(CO) (NO32)
(S02) (Suspended Parti Matter) 10 (SPM
(10micron)) (0s) (Pb) 7
( 5.2.5)
(Department of Land Transport)
CO (HC)
1993 1
5.2.5
1 8 24 1 1
1)
mg/m3 | ppm | mg/m3 | ppm | mg/m3 | Ppm | mg/m3 | ppm | mg/m3 | ppm
/CO 34.2 30 | 10.26 9
/INO2 | 0.32 | 0.17
/SOq 0.78 | 0.30 0.30 | 0.12 0.10 | 0.04
(TSP) 0.33 0.10
10n
0.12 0.05
/SPM(10micron)
/O3 0.20 | 0.10
/Pb 1.5
1 1 25
( ) Pollution Control Department , Ministry of Science, Technology and

Environment, Laws andStandards on Pollution Control in Thailand 4th

Edition, 1997 10
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(2)
5.2.6

2000
2
2000
450
NO: 80% CO  75% 54%
100% co
NO:
11
(3)
(a)
1992
1993 (MOD 1993
(As) (HCD (H2S) SO: 14
1995 MOI 15
( 5.2.6)
(Sb) (As)  (Pb) (C) HCI (Hg) CO (H2S04)
H2S 11
4

7



5.2.6

1)

/Sb 20mg/Nms3

/As 20mg/Nms3

/CO 1,000mg/Nm3 870ppm

/Cl 30mg/Nm3

/Cu 30mg/Nm3

JHCI 200mg/Nm?

/H2S 140mg/Nms3 100ppm

/Pb 30mg/Nm3

/Hg 3mg/Nms3

/NOX
940mg/Nms3 500ppm
470mg/Nms3 250ppm

300mg/Nm3
400mg/Nms3
400mg/Nm3
/ 300mg/Nm3
400mg/Nms3

/SO2 1,300mg/Nm3 500ppm
2 1,250ppm

/H2S04 100mg/Nms3 25ppm

870mg/Nms3 200ppm

25 1 20%
Samut Prakam
) 1993 2 (Notification of the Ministry of Industry No.2, 1993)
1995 9 (Notification of the Ministry of Industry No.9, 1995)
1997 3 (Notification of the Ministry of Industry No.3, 1997)
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(b)

New Power Plants

5.2.7 Power plant using biomass all sizes

SOx as SOz at 7% O2 ppm 60
NOx as NOz at 7% Oz ppm 200
Particulate mg/m3 120

: Notification of the Ministry of Industry, Subject: Stack Emission Standard
of Power Plant, B.E. 2547 (2004), published in the Royal Government
Gazette, vol. 121, special part 113D, dated October 7, B.E. 2547 (2004).

(c)

5.3
GHG 1989 1993 TDRI

Thailand Development Research Institute /TEI Thailand Environment Institute

GHG 1997 UNFCCC
Ministry of Science, Technology and Environment: MOSTE
Office of Environmental Policy and Planning: OEPP
1990
United Nations Development Programme UNDP
ALGAS Asia Least-Cost Greenhouse Gas Abatement Strategy

GHG 2000 “Thailand.s Initial National
Communication” 1994 MOSTE
GHG CO2 2 8 600
CO2 71% CHa 23% 1994 GHG
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5.3.1 GHG 1994
CO

CH N O NOx CO NMVOC
241,030.55 -39,101.60 3,171.35 55.86 | 286.65 | 555.11 | 2,513.30
125,482.80 0.00 196.55 0.83 | 271.85 33.90 0.72
125,482.80 0.00 2.85 0.83 | 271.85 33.90 0.72
45,529.30 2.07 0.10 | 155.30 14.70 0.00
30,824.20 0.61 0.58 | 113.90 17.10 0.00
39,920.40 0.09 0.00 0.26 1.30 0.70
890.50 0.02 0.08 0.87 0.20 0.00
3,469.40 0.06 0.06 1.37 0.50 0.00
4,849.00 0.00 0.01 0.15 0.10 0.20

193.70

16.02

177.68
15,970.40 0.31 54.62 2,612.58

2,879.10 0.41
99,577.395 -39,101.60 59.57
35.22
(1Gg 1,000ton)
( ) Thailand.s Initial National Communication(2000 10 )
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II. I&N Consultant
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IV. Department of Alternative Energy Development and Efficiency
19 9 28 16:00 17:00
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Ms.
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Mr. Rangsan Executive Director

8
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CDM

2007 1 7 2
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§ i
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Officn of Matursl Rescurca st Ernirmemeisl Poicy and Fsnning (OMEF)
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