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Table A.2 Global BC and OC emission from fossil and biomass burning

120

Biofuel/ Biomass

}i'aes:rd Fossil fuel (Tg/y) (Tely) Total (Tg/y) Rt A
BC oC BC oC BC ocC
- 1.3-83 - 1.3-14 - 2.6-22 - Turco et al., 1983
1980* 6.6 - 6.0 - 13 - Penner et al., 1993
- ] i - [ by - Cooke and ' Wilson,
1996
- 6.6° 28 56 45 12 73 Liousse et al., 1996
Cooke et al., 1999
1984 5.1 10 - - - - (<1 pal)
Cooke et al., 1999
1984 6.4 7 - - - - Gillsikes)
Andreae and Merlet,
- - - 4.8 36 - — 2001
1996 3 2.4 5 31 8 33 | Bondetal, 2004

2Other years appear to be included for some locations and fuels

®From Penner et al. 1993. (Bond et al., 2004)

From Table A.2, most estimation of BC emissions is 5-6 Tg/y, which is quite consistent when

compared with OC emission estimation that contained high uncertainties among studies.

Possibility of this variation could be determined technique or volatile properties of OC.

However, OC is mainly released from biofuel/biomass burning. While BC released from fossil

fuel and biofuel/biomass are in the same range.
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Table A.3 Residue to product ratio of rice

Crop Residues RPR Country Sources

Rice Straw (*)° 1.875 India Vimal, 1979
Straw (*)° 2.600-3.960 Webb, 1979
Straw” 0.420 Thailand | AIT-EEC, 1983
Straw (*)° | 2.858 Bangladesh | BEPP, 1985
Straw (*)° 1.400-2.900 Barnard et al., 1985
Straw (top)” | 0.100 Philippines | Department of Energy, 1987
Straw (*)° | 1.400 Strehler, 1987
Straw (top)' | 0.447 Thailand Bhattachaya et al., 1989
Straw (*)° 1.757 Thailand Bhattacharya & Ram, 1990
Straw (top)’ | 0.452 Thailand Bhattacharya & Ram, 1990
Straw (*)° | 1.100-3.000 Massaquoi, 1990
Straw’ 0.452-3.000 | Thailand Koopmans&Koppejan, 1998,

Bhattacharya & Ram, 1990

Straw (*)° 1.400 Ishaque, 1991
Straw (*)° 1.100-2.900 Kristoferson et al., 1991
Straw (*) $.757 Thailand Koopmans and Koppejan, 1997
Straw’ 0.447 Thailand | DEDE, 1997
Straw (*)° [ 1.760 Srilanka | Perera et al., 2005
Straw” 0.490 Thailand | DEDE, 2006
Not specific’ | 0.623 China CADS, 2000
Not specific | 0.568 Asia Streets et al., 2003
Straw and 0.750 Thailand PCD, 2007
stubble
straw 1.190 Thailand DEDE, 2009

Note: (top) means the practice of harvesting rice in parts of Thailand and other Southeast
Asian countries, where only the top portion of the rice stem along with 3-5 leaves is cut,
leaving the remainder in the field.

(*) means the practice of harvesting rice in parts of Indian and Bangladesh, where the

rice is cut at about 2 inches above ground

Harvesting practice is a main influence on RPR value. Low RPR value is found in harvesting
by cut at top level which can be found in Philippines and some region of Thailand that harvest
manually. High RPR value due to harvesting rice about 2 inches above ground is found in
India and Bangladesh. From this study, harvesting rice in Thailand is done by machine cut at
15-35 cm above ground.
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Table A.4 Residue to product ratio of corn

Crop Residues RPR Country Sources

Corn | Cob’ 0.30 Bhushan, 1977
Cob’ 0.86 Webb, 1979
Cob’ 0.30 India Vimal, 1979
Cob’ 0.20 Thailand | AIT-EEC, 1983
Cob’ 0.20-0.50 Barnard et al., 1985
Cob’ 0.20-0.50 Massaquoi, 1990
Cob’ 0.70-1.80 Ryan et al., 1991
Cob’ 0.273 Thailand Bhattacharya et al., 1993
Cob' 0.250 Thailand | Black& Veatch, 1999
Cob® 0.27 Srilanka | Perera et al., 2005
Cob 0.20 Thailand | PCD, 2007
Not specific 0.5 Asia Streets et al., 2003
Stalk’ 3.20-4.33 Webb, 1979
Stalk’ 2.0 India Vimal, 1979
Stalk’ 2.3 Thailand | AIT-EEC, 1983
Stalk’ 2.0-2.3 Barnard et al., 1985
Stalk’ 1.00 Strehler, 1987
Stalk’ 2.08 Desai, 1990
Stalk’ 1.0-2.5 Massaquoi, 1990
Stalk’ 1.0-2.5 Ryan et al., 1991
Stalk® 2.0 Srilanka | Perera et al., 2005
Leaves and 0.89 Thailand PCD, 2007
stem
Leaves, stem, | 0.892 Thailand DEDE, 2009
and top
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Corn cob is not included in agricultural residues open burning in the field because it is sold
with product to the animal industry. Traditional burning of corn in the field burns leaves, stem,

and envelope that remain in the field after harvesting.

Table A.5 Residue to product ratio of sugarcane

Crop Residues RPR Country Sources
Sugar | Bagasse” 0.33 Philippines | Department of Energy, 1987
cane
Bagasse' 0.250 Thailand Bhattachaya et al., 1989
Bagasse® 0.14-0.33 Thailand Koopmans & Koppejan, 1998,
Bhattacharya & Ram, 1990
Bagasse’ 0.25 Thailand | DEDE 1997
Bagasse® 0.29 Thailand | FAO, 2000
Bagasse® 0.29 Srilanka | Perera et al., 2005
Bagasse® 0.28 Thailand | DEDE, 2006
Bagasse 0.29 Thailand PCD, 2007
Top&leaves4 0.1-0.3 Thailand Koopmans & Koppejan, 1998,
USAID, 1991, TASL, 2000
Top&trash' 0.302 Thailand | DEDP, 1992
Top&Trashier’ | 0.302 Thailand DEDE, 1997
Top&leave:s4 0.265 Thailand FAO, 2000
Top® 0.30 Srilanka Perera et al., 2005
Top&leaves® | 0.17 Thailand | DEDE, 2006
Not specific’ | 0.25 China CADS, 2000
Not specific 333 Asia Streets et al., 2003
Top&leaves 0.23 Thailand PCD, 2007
Top&leaves 0.204 Thailand DEDE, 2009

TSajjakulnukit et al., 2005, “Elauria et al., 2005, *Junfeng et al., 2005, *FAO, 2000, Koopmans
and Koppejan, 1997, ®perera, 2005 ’ Prasertsan and Sajjakulnukit, 2006 ¥ Energy for
Environment Foundation, 2006. CADS=Chinese Agriculture Development Strategy in the
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beginning of 21st Century; DEDE=Department of Alternative Energy Development and
Efficiency; FAO=Food and Agriculture Organization of the United Nations; USAID=United

States Agency for International Development.

Table A.6 Amount of biomass burning in Far East, Middle East, and Near East countries

Region/Major | Residue Biofuels Burmn in | Total Total
contributors Available (%) Fields Burned Burned
(Tg DM) (%) (Tg) (%)
FAR EAST 364 16 43 216 59
Indonesia 88 14 18 76 86
Thailand 57 14 53 38 67
Bangladesh 41 60 11 16 41
Vietnam 29 43 43 25 86
Philippines 30 14 65 23 80
Myanmar 29 13 49 18 62
MIDDLE EAST 117 21 21 49 42
Afghanistan 7 54 16 5 70
Pakistan 5.1 15 19 16 34
Turkey 43 28 30 25 58
NEAR EAST 11 0 18 2 18
Total 492 17 38 271 55
China 632 47 1 300 47
India 347 28 23 168 48
Total Asia 1,471 32 19 739 50

(Yevich and Logan, 2002)

From Table A.6, Thailand is classified as a country in Far East (Bangladesh, Myanmar,
Indonesia, Philippines, Thailand, and Vietnam). Crop residues available in Thailand are 57 Tg
dm, which is used for biofuel 14%, burn in the field 53% (16 Tg).
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APPENDIX B
BIOMASS QUANTIFICATION



129

00SLT | [enuey | [edrwayD | Jeah | 76-883 urey Suenqueq ‘Lnquoy) 60/10/€T
009°6€ [enuey | [eorwoyD | Jeaf | v8-663 urey 1eA3uoyN ‘Lnquoy) 60/10/2C
019°Ty | [enuejn | Jedqwoy) | Jead | ¥8-56 urey 3uenquegq ‘Lnquoy) 80/20/6T
0¥8°6€ Jenuepy | [edrwey) | Jeak | ¢6-88 urey lnqeueyoue’y| 80/20/€0 | oueoredng
gss’s [enuepy | [edrwayn 0TI 616 urey 3uoyoyed ‘jeioy O1/10/L1
- JENUEJN | [edtayDn) E 1 urey ueMnsiey jeIoy 60/11/6C
0789 [eNUEN | [ed1ayn) 0T1 uisre) 616 urey eP{e], ‘UBMBSUOUYYEN 80/11/10 woD
STI'E | QuIyoBN | [ed1way) 081 ¢80 urey | oyeleyL ‘UemesuorpeN 60/21/6T
691°v | SUIYOEIA | [eOIWAYD 081 | SOI-NEN-jod-oeyd] urey |  Suenpy ‘UemesuoyyeN 60/60/0T
STIy | SUIYoBN | [eorway) 0¢€1 Yojnuesyid | uone3Lu| uopesinres 60/60/S1
610 | duiyoely | omwediQ ov1 M3] -ed-3ueon | uone3Lu] unqeyssyd 80/T1/9T
STI‘E | ulyoepy | [eorwayD 081 | SOT-TBIN-Yo-oey] utey | oYeley], ‘uemesuoyyeN 80/C1/v1
0SLE [enuely | druediQ 081 uod wnyy uesn] utey unqeyoey 80/CI/11
69T°C | SUIYdEy | [eo1way) 08 dsulysey | uone3Luy uoipesinues 80/11/81
0S6°T | SulyoeN | druedip Sol1 L1 JoquinN | uonedLuy uoyyesinureg 80/90/0¢
18€°T | QUIYOBIN | [eorway) 08 ueyouey| | uonedLu] uoypesynweg LO/T1/ST it
(ey/3y) (sKep) 90In0sal
PNpold | ISSAIRH | IOZIIMS | pOMId] adA] M 20UIA0I] areq doip

YIS PAIPNIS JB AJAIIOR PIJBAIND JO UOIJEULIOJUT [BISUSD) [ ¢ S[qeL




130

Table B.2 Summary of Field Experiments for biomass collection

No. | Date Province Biomass | Biomass collection
Before harvest | After harvest
1 12/12/07 | Ratchaburi Rice v -
2 25/12/07 | Samutsakhon Rice v v
3 03/02/08 | Kanchanaburi Sugarcane | v’ -
4 29/02/08 | Chonburi, Banbueng Sugarcane | v -
5 30/06/08 | Samutsakhon Rice v v
6 01/11/08 | Nakhonsawan, Takfa Corn - v
iy 18/11/08 | Samutsakhon Rice v v
8 14/12/08 | Nakhonsawan, Thatako Rice v v
9 26/12/08 | Phetchaburi Rice v -
10| 22/01/09 | Chonburi, Nhongyai Sugarcane | v’ -
11 | 23/01/09 | Chonburi, Banbueng Sugarcane | v -
12 | 15/09/09 | Samutsakhon Rice v v
13 | 20/09/09 | Nakhonsawan, Muang Rice - v
14 | 29/11/09 | Korat, Raisuwan Corn - v
15 | 29/12/09 | Nakhonsawan, Thatako Rice - v
16 |17/01/10 | Korat, Pakchong Corn v v

Table B.3 Results of field experiment to consider rice residues in paddy field

No. | Date of experiment | BL straw | Stubble Stubble RPR
(g/m?) (g/m?) height straw
(cm)
Samutsakhon
1 25/12/2007 382+184 | 186+58 2845 1.61+0.77
2 30/06/2008 296+88 237433 2442 1.00+0.30
3 18/11/2008 386+137 | 177+30 2348 0.46+0.16
4 15/09/2009 384+115 | 220+52 31+4 0.35+0.09
Average 360£140 | 220+53 27+4 0.85+0.64
Nakhonsawan
1 14/12/08 410+255 | 17282 - 0.43+0.27
2 20/09/09 732+397 | 546+126 | 38+13 0.69+0.37
3 29/12/09 437£166 | 244+63 217 0.55+0.21
Average 5074305 | 300£176 | 27+13 0.54+0.30
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No. | Date of experiment | BL straw | Stubble Stubble RPR
(g/m?) (g/m®) height straw

(cm)

Phetchaburi

1 26/12/2008 604+28 250+27 261 0.59+0.03

Ratchaburi

1 11/12/08 258+111 |- 25 0.69+0.30
(assume)

Table B.4 Results of field experiment to consider corn residues in corn field

No. | Date of experiment | BL corn | Corn RPR corn
residues | height
(gm") | (cm)
Nakhonsawan
1 01/11/2008 520+66 - 0.76
Pakchong, Nakhonratchasima
1 17/01/2010 651211 | 197+8 157
Suwan Farm, Nakhonratchasima
1 28/11/2009 660+94 175+18 -

Table B.5 Results of field experiment to consider sugarcane residues at sugarcane field

No. | Date of experiment | BL sugar | Top (g/m’) Sugar height | RPR  sugar
leaves (g/mz) (cm) leaves
Danmakhamtia, Kanchanaburi
1 03/02/2008 1,240+260 1,220+120 31149 0.31
Chonburi
1 29/02/2008 870+150 580+10 - 0.21
2 22/01/2009 1,220+130 650130 322+40 0.25
3 23/01/2009 690+150 350+50 220439 0.25
Average 928+262 524+153 296+59 0.24+0.02
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Table B.6 Proximate analysis results (dry basis)

Biomass %fixed carbon %volatile matter %ash

Rice straw | 10.79+1.01 73.39+1.99 15.82+1.61
Samutsakhon

Rice straw | 11.47+1.0 69.35+2.99 19.18+3.94
Ratchaburi

Stubble Samutsakhon | 11.3+1.16 72.62+1.07 16.08+0.08
sugarcane leaf | 9.65 66.88 23.46
Kanchanaburi

sugarcane leaf | 10.64 73.11 16.25
Chonburi

Ash Samutsakhon 11.85+4.07 17.41+0 70.74+4.07
Sugarcane leaves 14.9 774 7.7
Sugarcane bagasse' 20.1 75.8 4.2

Note 'Jorapur and Rajvanshi, 1997

Table B.7 Compare proximate analysis result of rice with literature review

Sample Sources Moisture, % Volatile Ash, % Fixed C, %
matter, %

Rice straw | This study 4.71+0.82 69.90+1.56 15.06£1.58 10.33+0.98

Rice straw | EFE, 2006 10 60.70 18.90 10.39
Gulett and

Rice straw | Touati, 2008 8.56 60.95 14.97 15.52
Garivait et al.,

Rice straw | 2006 6.71 58.64 23.55 11.09

Rice straw | EFE, 2004 2.68 65.64 11.24 20.44
Cuiping et al.,

Rice straw | 2004 8.11 61.10 15.25 15.54
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Table B.8 Ultimate analysis results of aerosols

Parameter | Ultimate results

%N %C %H
Rice TC 16.13+14.58 | 72.02+39.29 | 6.91+4.82
Rice OC NA 57.90+18.39 | 5.79+0.89
Com TC | 3.65+4.49 79.32+13.61 | 3.42+3.17
Sugar TC | 4.19+2.18 78.85+28.65 | 5.69+1.95

Note: NA means the results are minus values

Table B.9 Results of TC, BC, and OC in rice straw, corn residues, and sugarcane leaves

%TC %0C %BC
Rice straw 78.08+19.39 68.62+17.04 9.46+2.07
Corn residues 9.32£13.61 69.71+11.96 9.61+1.45
Sugarcane leaves | 78.85+28.65 69.29+25.18 9.56+3.05

Table B.10 Compare proximate analysis result of sugarcane with literature review

Sample Location Moisture, | Volatile Ash, % | Fixed C, Source
% matter, % %

Kanchanaburi, This study
Sugarcane West of 4.75 63.7 22.35 9.2
leaves Thailand

Chonburi, This study

Sugarcane East of 3.87 70.28 15.63 10.23
leaves Thailand
Sugarcane Northeast of Garivait et
cane leaves Thailand 7.9% 71.24 o0 13.14 al., 2006

From Table B.10, results of proximate analysis are in the same magnitude between

Kanchanaburi (West region) and Chonburi (East region), and also in the same range as

sugarcane cane leaves in northeastern region of Thailand from literature review (Garivait et

al., 2006).
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Table B.11 Combustion efficiency of rice from open burning in the field

Source of biomass | Experiment CE Rice (%) CE straw (%) | CE stubble
(%)
Samutsakhon 27/12/2007 76 100 87
Samutsakhon 07/07/2008 67 100 18
Samutsakhon 20/11/2008 84 100 39
Samutsakhon 17/09/2009 70 100 64
Samutsakhon Irrigated Field 74+7 100 52426
Nakhonsawan 20/09/2009 49 100 7
Nakhonsawan 29/12/2009 94 100 77
Nakhonsawan Rainfed Field 72423 100 42435

Table B.12 Combustion efficiency of corn from open burning in the field

Source of biomass Experiment CE Corn (%)
Nakhonsawan Rainfed Field 45+11
Nakhonratchasima Rainfed Field 88

Table B.13 Combustion efficiency of rice and corn from open burning in the field

CE rice (%) CE corn (%)
Irrigated area 74£7 -
Rainfed area 22+23 67+22
Total area 73+14 67+22

Table B.14 Carbon balance of agricultural residues open burning (%)

%C release %C unburn %C ash
Rice 94.04+0.75 0.00+0.00 5.96+0.75
Corn 94.39+3.54 2.47+0.81 3.14£1.07
Sugarcane 98.77+0.01 0.00+0.00 1.23+0.01
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Table B.15 Meteorological record form

Date

Place

Page

Time WD (see pic.)| WS (m/s) Temp (°C) Humidity (%) | Pressure {hPa)
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Figure B.1 Location of the studied site on Thailand map.
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Figure B.2 Crop plot of paddy field in Samutsakhon.
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Figure B.3 Crop plot of paddy field in Nakhonsawan (14/ 12/08).
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Figure B.4 Crop plot of paddy field in Nakhonsawan (29/12/09).



138

N
“‘W&,F
y
\ \\
\ //
\ //
\\ /
i
\ 4 g i /\‘\ ~
e T / i
e / |
i
/
/ /
I —— Meters / ’
051 20 30 40 ’,/ |
/
/
/
/

Figure B.5 Crop plot of paddy field in Nakhonsawan (20/09/09)
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Figure B.6 Crop plot of paddy field in Phetchaburi (26/12/2008).
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Figure B.7 Crop plot of maize field at Pakchong, Nakhonratchasima (17/01/10)
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Figure B.8 Crop plot of maize field at Suwan Farm, Nakhonratchasima (28/11/09).
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Figure B.9 Crop plot of sugarcane field in Kanchanaburi (03/02/08)
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Figure B.10 Crop plot of sugarcane field in Amphoe Banbueng, Chonburi (29/02/08).
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Figure B.11 Crop plot of sugarcane field in Amphoe Nhongyai, Chonburi (22/01/09).
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Figure B.12 Crop plot of sugarcane field in Amphoe Banbueng, Chonburi (23/01/09).
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(b)
Figure B.13 Sample preparation instrument (a) Cutting Mill, and (b) Ball Mill.

LS

Figure B.14 Thermogravimetric Analyzer (TGA Perkin Elmer, model Pyris 1, USA).

Physical characteristic of rice
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Figure B.15 Physical characteristic of rice.
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Sugarcane leave Chonburi
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Figure B.16 Physical characteristic of sugarcane.
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APPENDIX C
EMISSION FACTOR
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Table C.1 Data for estimating emission from agricultural residues open burning

Source categories

Data for burned area (A)

Remote sensing

Field experiment

Statistical data

MODIS Fire hot spot (GIC-AIT, 2005-2009), Land use (LDD, 2007),
Political map (LDD, 2002)

Field survey (2007-2010)

Harvested area rice and corn (OAE, 2008), %burn of rice (PCD,
2007; Penwadee, 2010), %burn of corn (PCD, 2007), %burn and
cultivated area for sugar factory (OCSB, 2008),

Field experiment

Laboratory experiment

Data for biomass load (BL)

Field experiment in rice, corn, and sugarcane field (2007-2010)

Moisture analysis

Field experiment

Data for fraction burn (FB)

Field survey in rice, corn, and sugarcane field (2007-2010)

Field experiment

Chamber experiment

Laboratory experiment

Data for combustion efficiency (CE)

Open burning in the field (2007-2010): experiment in Imx1m area
and traditional burn (whole plot)
Open burning in the chamber (2009-2010)

Moisture analysis

Field experiment

Chamber experiment

Laboratory experiment

Analysis

Data for emission factor (EF)

Open burning in the field (2007-2010): experiment in 1mx1m area
and traditional burn to measure concentration and burned rate
Open burning in the chamber (2009-2010) measure concentration
and burned rate

Elemental analysis (TC, OC, EC)

Calculation of EF from results of experiment
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Table C.2 Emission measurement equipments

Parameter Equipment Company Model Flow rate Principle
PM, s DustTrak TSI Inc., USA 8520 1.7 L/min Light
scattering
BC Micro Magee Scientific | AE 51 50 ml/min | Optical
Aethalometer | Company, USA absorption
CO,, CO IAQ monitor Quest AQS5000Pro | 0-20 m/s NDIR, Sensor
Technologies,
USA
Aerosol Portable pump, | A.P. Buck Inc. VSS-12 10 L/min Gravimetric
quartz filter

Table C.3 Specifications of Model 8520 DustTrak Aerosol Monitor

Parameter Value

Sensor Type 90° light scattering

Range 0.001 to 100 mg/m’ (Calibrated to ISO
12103-1, A1 test dust)

Resolution +0.1% of reading or +0.001 mg/m’,

Particle Size Range

0.1 to approximately 10 micrometers

Flow Rate

Adjustable 1.4 to 2.4 L/min (1.7 nominally)

(TSI, 2002)

Table C.4 Specifications of Model AE 51 Micro Aethalometer

Parameter Value

Optical Source 880 nm wavelength (IR) LED

Range 0-1 mg/m’ for 15-min @ 50 mL/min
Resolution 0.001 pg/m’

Filter Media T60 Teflon-coated borosilicate glass fiber
Flow Rate 50-150 ml/min

(MAGEE Scientific, 2009)
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Table C.5 Specifications of Model AQ5000Pro CO, CO; sensor

Parameter Value

Sensor Type Non-dispersive infrared
Range 0 to 20,000 ppm

Resolution +3% of reading or +£50 ppm,
Flow Rate 1 mi/hr

(Quest Technology, 2009)

Table C.6 Average experiment conditions for field experiment of agricultural residues open

burning
Rice straw Corn residues Sugarcane leave
Moisture (% w.b.) 16+5" 6.28+0.96 3.34+1.44
69+7
Biomass load (g/m”) 421+236 610+64 1,007+233
Wind speed (m/s) 1.75+0.63 1.60+0.57 -
Ambient air temp (°C) 32.10+1.65 31.56+0.42 -
Relative Humidity (%) 60.71+9.37 55.28+11.98 -
Pressure (hPa) 1,014+2 997+15 -
Burn rate (g/s, d.b.) 2.79+0.94 2.36+0.26 -

Note 'moisture content (%) of dried straw naturally in the field, “moisture content of fresh

straw after harvesting
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Table C.7 Summary of field open burning experiments

No. | Date Province Biomass | Emission measurement
TPM | PM;s | CO,CO2 |BC
1 27/12/07 | Samutsakhon | Rice v : - [
2 07/07/08 | Samutsakhon | Rice v - - k
3 01/11/08 | Nakhonsawan, | Corn v v - L
Takfa
4 20/11/08 | Samutsakhon | Rice v v - .
5 14/12/08 | Nakhonsawan, | Rice 4 v v -
Thatako
6 17/09/09 | Samutsakhon | Rice v v v -
7 20/09/09 | Nakhonsawan, | Rice - v v J
Muang
8 29/12/09 | Nakhonsawan, | Rice v v v v
Thatako
9 17/01/10 | Korat, Corn v v v v
Pakchong
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Table C.8 Schedule of chamber experiments

No. | Date Biomass | BL collection Sampling | Parameters
from Date Position TPM | PM,;5 | CO, | BC
CO,

1 09/09/09 | Rice Samutsakhon | 18/11/08 | Stack v v v |-
2 | 09/09/09 | Sugar Kanchanaburi | 03/02/08 | Stack v v voo|-
3 09/09/09 | Sugar Chonburi 22/1/2009 | Stack v v v -
4 18/09/09 | Rice Samutsakhon | 18/11/08 | Stack - v v |-
5] 18/09/09 | Sugar Kanchanaburi | 03/02/08 | Stack - v v -
6 18/09/09 | Sugar Chonburi 22/1/2009 | Stack - v v -
7 |2/12/09 | Corn Raisuwan 29/11/09 | Ground v v v v
8 14/12/09 | Corn Raisuwan 29/11/09 | Ground v v v v
9 14/12/09 | Sugar Kanchanaburi | 03/02/08 | Ground | v v v |V
10 | 14/12/09 | Rice Samutsakhon | 18/11/08 | Ground v v v v
11 | 11/01/10 | Rice NS, Thatako |29/12/09 | Ground |Y v v v
12 | 11/01/10 | Corn Raisuwan 29/11/09 | Ground v v v v
13 | 29/01/10 | Comn Pakchong 17/01/10 | Ground v v - v
14 | 17/02/10 | Corn Pakchong 17/01/10 | Ground | Vv v v gy
15 | 06/05/10 | Rice NS, Thatako | 29/12/09 | Ground | - v v v

Table C.9 Meteorological conditions at KMUTT, Ratchaburi Campus during chamber
experiments (September 2009-February 2010)

Place WS (m/s) Temp (°C) | Humidity (%) | Pressure (hPa)

KMUTT, Ratchaburi
0.35+0.14 37.71£2.81 425.41+9.86 | 1,014.40+12.38

Campus

Table C.10 Background concentrations of PM, s, BC, CO and CO; (mg/m3 ) at Ratchaburi

Average PM; s BC CO CO,
Background

0.10£0.06 0.02+0.02 0.05+0.09 578+461
concentration
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Table C.11 Experiment conditions for chamber experiment of agricultural residues open

burning

Rice straw Corn residues Sugarcane leave | Literature | Source
Moisture | SS 3 SW 5-22 KB 0 Comn 9 Jenkins,
(Y%ow.b.) |NS8 PC6 CBO Rice 9 1996
Biomass | SS 100, 200, 500 | SW 200, 500, 1,000 | KB 120, 200 Corn 890 | Jenkins,
sample | NS 200, 500 PC 400, 500, 700 CB 100, 200 Straw 605 | 1996
(gw.b) (g dry)

Note: Sampling site from field experiments: SS = Samutsakhon,

NS = Nakhonsawan,

SW = Suwan Farm, PC = Pakchong, KB = Kanchanaburi, CB = Chonburi. Biomass load

means amount of agricultural residues input in the chamber.

Table C.12 Raw measurement data of BC, CO,, CO, and PM; 5 concentration

12:32:55
12:32:56
12:32:57
12:32:58
12:32:59

05 cnnect
BC S/N 85201978

BC Cco2 | co PM2.5
(ng/m3) | ppm | ppm mg/m3
5200 325 | 0.15 0.065
6333 325 | 0.59 0.061
21494 325 | 0.11 0.067
11914 325 | 0.15 0.067
23892 325 | 048 0.067

Table C.13 Processed data of BC, CO,, CO, and PM, s concentration

ng/1076 | ppmx44/Vair | ppmx28/Vair
CO2-

BC Ambient (60] PM2.5

mg/m3 mg/m3 mg/m3 mg/m3
12:32:55 0.01 36.82 0.16 0.07
12:32:56 0.01 36.82 0.64 0.06
12:32:57 0.02 36.82 0.12 0.07
12:32:58 0.01 36.82 0.16 0.07
12:32:59 0.02 36.82 0.52 0.07
12:33:00 0.07 36.82 0.40 0.06
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Biomass type

Burned rate (g/s)

Rice straw Corn residues Sugarcane leaves
Field 2.79+0.94 2.36+0.26 -
Chamber 1.07+0.22 2.18+0.76 1.07+0.12

Table C.15 Emission factor results of agricultural residues open burning in field experiments

Biomass BC CO, CO PM; s
(g/kg) | (g/ke) (g/kg) (g/kg)
Irrigated rice - 1,958.37 14.97
+1,290.41 s +9.20
Rain-fed rice 0.06 728.75 61.58 23.44
+0.02 +483.37 +50.85 +19.40

Table C.16 Emission factor results

of agricultural residues open burning in chamber

experiments
Biomass BC CO, CcO PM; s
(gkg) | (g/kg) (g/kg) (g/kg)
Irrigated rice 0.72 1,379.71 40.54
+0.03 +157.03 160.52 +3.70
Rain-fed rice 0.79 1,029.45 111.35 17.30
+0.36 +240.56 +30.19 +9.55

Table C.17 Compare carbon content of CO, from emission factor with Crejease from carbon

balance

Crop type Ccoz Crelease %Cco2 Of Crelease
Rice 323474 324.31+20.17 99.66
Corn 1934162 334.62+40.85 96.66
Sugarcane 322468 362.47+£30.00 88.83
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Filter in petri dish Filter on micro balance

Figure C.1 Micro balance and quartz filter.

ThermoHygro Rain Wind %%
Transmities Sensos Sensar

Figure C.2 Weather station (Lacrosse, WS1600).
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Date 17/09/09

Place Samutsakhon

Page 1

Time WD (see pic.) |WS (m/s) Temp (°C) Humidity (%) Pressure {(hPa)
15:48 158 2.6 31.2 67 1015
15:49 180 2.3 31.2 68 1015
15:05 180 2.8 31.2 39 1015
15:51 158 2.7 30.8 70 1015
15:52 180 1.7 30.9 70 1015
15:53 158 09 30.9 70 1015
15:54 158 0.9 30.8 71 1015
15:55 158 2.7 30.5 71 1015
15:56 158 2.4 30.4 71 1015
15:57 180 1.9 30.5 71 1015
15:58 180 2.5 30.6 71 1015
15:59 180 2.2 30.4 72 1015

Figure C.3 Example of meteorological data result.

~ | Nakhonsawan

Nakhonratchasima

Samutsakhon

] Nakhonratchasima
[ samntsakhon
Nakhonsawan
[ Thailand

Figure C.4 Location of studied site in Samutsakhon, Nakhonsawan, and Nakhonratchasima on
Thailand map.
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Figure C.5 Water flooded in the paddy field on burned date (07/07/2008).
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Figure C.6 Results of real time PM, 5 in prescribed burn 1 m2, Samutsakhon (20/11/08).
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Figure C.8 Open burning experiment at the rainfed rice field in Nakhon Sawan (14/12/2008).
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Rice open burn no. 5
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Figure C.9 Results of real time CO, CO; in prescribed burn 1 m?, Nakhonsawan (14/12/2008).

Rice open burn no.5 PM2.5 mg/m”3
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Figure C.10 Results of real time PMy s in prescribed burn 1 m2, Nakhonsawan (14/12/2008).
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Figure C.11 Open burning experiment at the rainfed rice field in Nakhon Sawan (20/09/09).

Rice open burn no. 3
7000.00 C 1000.00
__ 600000 a0
@ 5000.00 | &
S 4000.00 - 60000 £
S
= 3000.00 400.00 ?f’
S 2000.00 O
1000.00 200.00
0.00 0.00
B TFIB8B8-r- Q8383538388
5555558888889 48¢8§88
SRR SISO SISO I OO AR AR
—4—C02 mg/m3  =—f=CO mg/m3

Figure C.12 Results of real time CO and CO; in prescribed burn 1 m2, Nakhonsawan
(20/09/2009).
From Figure C.12, CO, sensor was error because of high concentration that over the detection
limit at 5,000 ppm (6,488 mg/m>, 33°C).
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Open burn no.3 PM2.5 mg/m”3
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Figure C.13 Result of real time PM> s in prescribed burn 1 m?, Nakhonsawan (20/09/2009).
From Figure C.13, result of real time PM; 5 has the same trend as CO concentration in Figure
C.14. The graph is dropped during reach maximum concentration because of the equipments is

out of plume during fluctuating of wind direction.

Rice residues open burn in field
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£ 4000.00 7
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Figure C.14 Results of real time CO, COz in traditional burn, Nakhonsawan (20/09/2009).
From Figure C.14, sampling location of the whole plot burning was at one side of the crop
plot, so the equipment could not move to another side immediately if the wind changed
direction or during calm wind that the plume raised up into the air. Therefore, the graph is

fluctuated.
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PM2.5 mg/mA3
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Figure C.15 Results of real time PMs, s in traditional burn, Nakhonsawan (20/09/2009).

From Figure C.14 and 4.15, all pollutant concentrations (CO, CO,, and PM, ) are in the same
trend that means the equipment gets the same air volume because of being installed on the

same stand.

a) b)
Figure C.16 Open burning experiments at the rainfed rice field in Nakhon Sawan
(29/12/2009).

Figure C.16 a), sampling position of the 1 experiment was at the next crop plot because wind
direction blew from west and moved the equipments along the crop plot length. Figure C.16

b), sampling position of the 2" experiment was located on the road because wind direction

changed to blow from the south.
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Figure C.17 Results of real time emissions in experiment 1, Nakhonsawan (29/12/2009).
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Figure C.18 Results of real time emissions in experiment 2, Nakhonsawan (29/12/2009).
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Figure C.19 Results of real time emissions in experiment 3, Nakhonsawan (29/12/2009).

Figure C.20 Open burning experiments at the rainfed corn field in Nakhon Sawan
(01/11/2008).
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Figure C.21 Results of real time PM; 5 in prescribed burn 1 m2, corn field Nakhonsawan
(01/11/2008).

Figure C.22 Open burning experiments at the rainfed corn field in Nakhonratchasima
(17/01/10).
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Figure C.23 Results of real time emissions in corn field, Nakhonratchasima (17/01/ 10).

Figure C.24 Position of emission monitored equipments in front of the chamber.
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Figure C.25 Open burning of rice straw 459 gum in the chamber, 8% moisture (Exp3,
11/01/10).
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Figure C.26 Open burning of sugarcane leaves 200 gy in the chamber, 0% moisture (Expl,
14/12/09).
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Figure C.27 Open burning of corn residues 156 gum in the chamber, 22% moisture (Expl,
02/12/09)
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Figure C.28 Open burning of corn residues 450 gy, in the chamber, 10% moisture (Exp2,
14/12/09)
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Figure C.29 Open burning of corn residues 908 gy in the chamber, 5% moisture (Expl,
11/01/10)
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Figure C.30 Example of results from open burning at rice field in Nakhonsawan 29/12/2009.
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Figure C.31 Example of results from open burning of rice straw in the chamber.



167

APPENDIX D
BURNED AREA
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Table D.1 Characteristics of MODIS

Characteristics Description

Orbit 705 km, 10:30 AM descending node (AM-1) or 1:30 PM ascending

node (PM-1), sun-synchronous, near-polar

Scan Rate 20.3 rpm, cross track
Swath Dimensions | 2,330 km (across track) by 10 km (along track at nadir)

Telescope 17.78 cm o off-axis, afocal (collimated), with intermediate field stop
Swath width 1.0x1.6x1.0m

Weight 228.7kg

Data Rate 10.6 Mbps (peak daytime); 6.1 Mbps (orbital average)

Quantization 12 bits

Spatial Resolution | 250 m (bands 1-2), 500 m (bands 3-7), 1000 m (bands 8-36)

Source: NASA (http://modis.gsfc.nasa.gov/about/specifications.php)

Table D.2 MODIS bands and their principal areas of application

Band | Wavelength Resolution | Primary Use
(nm) (m)

1 620-672 250m Land/Cloud/Aerosols

2 841-890 250m Boundaries

3 459-479 500m Land/Cloud/Aerosols

4 545-565 500m Properties

3 1230-1250 500m

6 1628-1652 500m

7 2105-2155 500m

8 405-420 1000m Ocean Color/

9 438-448 1000m Phytoplankton/

10 483-493 1000m Biogeochemistry

11 526-536 1000m

12 546-556 1000m

13 662-672 1000m

14 673-683 1000m

15 743-753 1000m

16 862-877 1000m

17 890-920 1000m Atmospheric

18 931-941 1000m Water Vapor

19 915-965 1000m




Table D.2 MODIS bands and their principal areas of application (continued)
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Band | Wavelength Resolution | Primary Use
(pm) (m)

20 3.660-3.840 1000m Surface/Cloud

21 3.929-3.989 1000m Temperature

22 3.929-3.989 1000m

23 4.020-4.080 1000m

24 4.433-4.498 1000m Atmospheric

25 4.482-4.549 1000m Temperature

26 1.360-1.390 1000m Cirrus Clouds

27 6.535-6.895 1000m Water Vapor

28 7.175-7.475 1000m

29 8.400-8.700 1000m Cloud Properties

30 9.580-9.880 1000m Ozone

31 10.780-11.280 1000m Surface/Cloud

32 11.770-12.270 1000m Temperature

33 13.185-13.485 1000m Cloud Top

34 13.485-13.785 1000m Altitude

35 13.785-14.085 1000m

36 14.085-14.385 1000m

Source: NASA (http:/modis.gsfc.nasa.gov/about/specifications.php)

Table D.3 MODIS channels used for active-fire detection and characterization

Channel | Central wavelength | Purpose
(um)
1 0.65 Sun glint and coastal false alarm rejection: cloud masking
0.86 Bright surface, sun glint, and coastal false alarm rejection;
cloud masking
7 2.1 Sun glint and coastal false alarm rejection
21 3.96 High-range channel for fire detection and characterization
22 3.96 Low-range channel for fire detection and characterization
31 11.0 Fire detection, cloud masking
32 12.0 Cloud masking
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Table D.4 Monthly burned area of rice, corn, and sugarcane field 2008 (remote sensing data)

Burned area (ha) | Rice Corn Sugarcane

Jan 352.8 665.71 672
Feb 2,274.72 8233 460.8
Mar 3,215.52 2,132.21 601.6
Apr 57.92 456.67 70.4
May 13.98 12.86 32
Jun 53.76 0 9.6
Jul 30.24 0 32
Aug 53.76 9.65 0
Sep 33.6 6.43 0
Oct 30.24 0 0
Nov 110.88 322 0
Dec 668.64 48.24 86.4
Total 7,476.00 4,158.29 1,907.20

Table D.5 Agricultural statistic data of major rice, second rice, maize, and industrial sugarcane

Planted Harvested Yield per
area area Production | rai Farm price | Farm value
Biomass (1,000 (Baht per (Million
Year | (1,000 rai) | (1,000 rai) | tons) (Kg) ton) baht)
Major rice
2007 57,386 53,892 23,308 433 9,188 214,157
Second rice
2007 10,074 10,032 6,802 678 6,427 43,718
Corn
2007 5,961 5,797 3,661 632 6.85 25,080
Sugarcane
2007 6,314 64,365 10,194 683 43,962 6,314

Note: 1 rai = 16,000 m*, (OAE, 2008)
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Table D.6 Harvested area of major and second rice in irrigated and rain-fed area 2005-2007

Major rice: Harvested area (Rai) Second rice: Harvested area (Rai)
Area 2005 2006 2007 2005 2006 2007
Whole
Kingdom 54,033,611 | 53,500,163 | 53,892,143 | 9,872,431 10,032,054 | 12,788,512
Irrigation 14048739 | 13910042 | 14011957.18 | 7700496 7,825,002 | 9,975,039
Unirrigation 39984872 | 39590121 | 39880185.82 | 2171935 2,207,052 | 2,813,473
(OAE, 2008)
Table D.7 Area burned of irrigated and rainfed rice, 2007
Year 2007 Major rice Second rice
area burned (1,000 ha) irr rainfed | irr rainfed
Whole Kingdom 1,601.55 | 96445 | 1,092.39| 24291
Northern 523.80 | 378.60 209.38 | 208.22
Northeastern 495.12 | 339.58 31.91 16.09
Central Plain 542.34 | 217.56 838.86 14.34
Southern 40.28 28.72 12.24 4.26
(Penwadee and Savitri, 2010)
Table D.8 Sugarcane Statistics Report Year 2006/2007
Product for | Cultivated | Product to Average
Cultivated | Product seeding area for Factory yield
Region | area (ha) (ton) (ton) factory (ha) | (ton) (ton/rai)
Thailand | 1,048,985 | 67,306,537 | 6,251,961 10,214,465 9.78 40,975,963
Center 352,007 | 25,571,411 | 2,104,999 | 3,884,131 11.26 13,750,256
North 199,831 15,315,013 | 1,173,932 | 2,291,346 11.61 7,805,894
East 70,069 3,453,049 410,560 499,937 7.63 2,737,063
North-
i 427,078 | 22,967,064 | 2,562,470 | 3,539,051 8.61 16,682,750
ast

(OCSB, 2008)




Table D.9 Results of burned area in paddy field, 2007
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Major rice Second rice

Harvested Harvested

area (OAE, | PCD, Major rice area (OAE, | PCD, Second rice
Region 2008) 2007 burn 2008) 2007 burn

(1,000 ha) | % burn | (1,000 ha) | (1,000 ha) | % burn | ( 1,000 ha)
Whole
Kingdom 8,623 50 4311 2,046 75 1,535
Northern 1,917 50 958 715 75 536
Northeastern 4914 50 2,457 202 75 151
Central Plain 1,489 50 745 1,076 75 807
Southern 303 50 152 54 75 40

(PCD, 2007 and OAE, 2008)

Table D.10 Burned area in rain-fed and irrigated paddy field, 2007

area burned (1,000 ha)
major rice second rice
Region irrigated | rainfed | irrigated | rainfed
Whole Kingdom 1,601.55 | 964.45|1,092.39 | 24291
Northern 523.80 | 378.60 | 209.38 | 208.22
Northeastern 495.12 | 339.58 3191 16.09
Central Plain 54234 | 217.56| 838.86 14.34
Southern 40.28 | 28.72 12.24 4.26
(OAE, 2008 and Penwadee and Savitri, 2010)
Table D.11 Results of burned area in corn field, 2007
PCD
Region Harvested area | area Corn burn
(1,000 ha) % burn | (1,000 ha)

Whole

Kingdom 927.50 15 139.13
Northern 559.15 15 83.87
Northeastern 193.89 15 29.08
Central Plain 174.47 15 26.17

(OAE, 2008 and PCD, 2007)
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Table D.12 Results of burned area in Sugarcane field, 2007

Region/Province | Harvested area | PCD area Sugar burn
(1,000 ha) % burn (1,000 ha)
Whole
Kingdom 1,010.29 50 505.14
Northern 282.54 50 141.27
Northeastern 365.76 50 182.88
Central Plain 361.99 50 180.99

(OAE, 2008 and PCD, 2007)

Table D.13 Results of sugarcane burned area from sugarcane factory, 2007

Cultivated area of

sugarcane product to Burned area
Region factory (1,000 ha) % burn product | (1,000 ha)
Thailand 1,049 58.52 614
Center 352 51.05 180
North 200 73.92 148
East 70 65.43 46
NorthEast 427 52.80 226

(OCSB, 2008)

Table D.14 Result of burned area by remote sensing data, 2007

No. of Fire Hot Spot Burned area (ha)

2007 | Rice | Corn | Sugarcane Rice Comn Sugarcane
Jan 1744 329 323 | 5,859.84 | 1,059.38 | 1,033.60
Feb 1380 645 281 | 4,636.80 | 2,076.90 899.20
Mar 738 227 156 | 2,479.68 | 2,340.94 499.20
Apr 232 79 41| 779.52 | 254.38 131.20
May 24 2 1 80.64 6.44 3.20
Jun 10 2 2 33.60 6.44 6.40
Jul 11 0 0 36.96 0.00 0.00
Aug 2 0 0 6.72 0.00 0.00
Sep 18 0 0 60.48 0.00 0.00
Oct 443 4 6|1,488.48 12.88 19.20
Nov 54 1 5| 181.44 3.22 16.00
Dec 317 36 41 | 1,065.12 | 115.92 131.20
Total 4,973 | 1,825 856 | 16,709 5,877 2,739
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Table D.15 Seasonal percentage of fire hot spot, 2007

Month % of Fire Hot Spot
Rice Corn Sugarcane

Jan-Apr 82.32 97.53 93.57

May-Oct 10.22 0.44 1.05

Nov-Dec 7.46 2.03 5.37
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Figure D.1 Global orbit of Terra on December 29 and 30, 2009.
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The fire hot spot thermal anomalies-fires (MOD 14) are downloaded from Geoinformatics
Center, Asian Institute of Technology website. Step of data acquisition is following

- Select country -> Thailand

- Select period of interest ->Date/Month/Y ear

- Select day and night time data

- Use default value of fire brightness temperature, fire power, fire confidence

- Select Aqua and Terra satellite

- Input data/page

- Submit the selected information

Bta is available since July 27, 2006 unti present. The data before this pencd will be added soon.

Enter your values to the i for querying MODIS Fire Information.
(*) denotes required fields.

 inmum o Maximum

Figure D.3 MOD 14 data acquisition from GIC-AIT.
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RESULT PAGE 1 of 21

294.59
324.64 296.19
313.12 {296.41

1/06:09:00

06:09:00 Day
06:09:00

21313 Thailand |
324.04 85 [Thailand |
310.87 [289.49 7. 84 Tlag ‘Thadand
321.47 298.11 515 96
24320.02 '297.66 14. : |
91322.95 281.71 24.6: Y“I'haﬂand
1350.84 128 H 00 ﬂ'hailand |
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‘52 Thadand
64 JThadand
71 [Thailand |
‘90 QThax!and

435329 2 8“

435330 '008- 01_01

1 06:09:00 Day
_06:09:00 Day
06 09 i

F igure D.4 Example of MOD 14 data.

Note: Abbreviation shown Figure D.4 is as follows: date = date of data acquisition, time =
time of data acquisition, daynight = daytime or nighttime data or both, satellite = the satellite
of interest: Terra or Aqua or both, lat = latitude of the found fire pixel, lon = longitude of the
found fire pixel, ref2 = band 2 reflectance of fire pixel, T21 = brightness temperature of band
21, T31 = brightness temperature of band 31, Fp = Fire power of fire pixel and country =

location of fire occurrence.



Fire Hotspot in Agricultural Fields 2008 (50% confidence)
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a) 50-100%

Fire Hotspot in Agricultural Fields 2006 (75% confidence) _1 j|
ol

.

Fire Hotspot in Agricultural Fields 2008 (100% Corfidence)

b) 75-100%

¢) 100%

Figure D.5 Spatial distribution of fire hotspot data 2008 with different confidence level.

Figure D.6 Orbit of Aqua over Thailand in December, 2009.

Source: Space Science and Engineering Center, University of Wisconsin-Madison

(http://www.ssec.wisc.edu/datacenter/terra/ GLOBAL.html)
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Aqua MODIS Geoinformatics Center/AlT, Bangkok, Thailand Aqua MODIS Geoinformatics Center/AlT, Bangkok, Thailand
Day-lime Scene Decernber 01,2009 06:37 GMT True color composite R G:B=14:3 Night-time Scene December 01,2009 18:51 GMT Emissive band 31

a) Aqua December 1, 2009 06:37 GMT
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104

b) Aqua December 1, 2009 18:51 GMT

g % 3 3 ’ T
Aqua MODIS Geoinformatics Center/AIT, Bangkok, Thailand

L 9. 9 0 — 118
Aqua MODIS Geoinformatics Center/AIT, Bangkok, Thailand
Day-time Scene December 08,2009 06:43 GMT True color compasite A'G Be1'4:3

¢) Aqua December 8, 2009 06:43 GMT d) Aqua December 8, 2009 18:57 GMT
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Aqua MODIS Geolnformat

Day-time Scene December 17,2009 06:37 GMT Tns ¢

Center/AlT, Bang

%) W ‘ L2 a— 1 118
Aqua MODIS Geoinformatics Center/AIT, Bangkok, Thailand
Night-time Scene December 17.2009 18:51 GMT Emissive band 31

e) Aqua December 17, 2009 06:37 GMT f) Aqua December 17, 2009 18:51 GMT
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Aqua MODIS Geolinformatics Center/AlT, Bangkok, Thailand
Day-time Scerie December 24,2009 08:43 GMT Tnie color composite A Gl Bx 143

g) Aqua December 24, 2009 06:43 GMT
Figure D.7 Aqua (1 km resolution) image over Thailand at 6 AM and 6 PM (GMT) on 1, 8,
17, and 24 December 2009. (Source: GIC-AIT, 2009)

& 52 96 00 ) ] 1z
Aqua MODIS Geoinformatics Center/AlT, Bangkok, Thailand
Night-time Scene December 24,2009 18:57 GMT Emissive band 31

h) Aqua December 24, 2009 18:57 GMT
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3 < 3 Be wd e Too ™
Agua MODIS Geoinformatics Center/AIT, Bangkok, Thailand
Day-lime Scene December 02,2009 07:19 GMT True color composite RGB=143

a) Aqua

104 108 12 \‘S . ‘50 124
Aqua MODIS Geoinformatics Center/AIT, Bangkok, Thailand
Night-time Scene December 02,2009 17:56 GMT Emissive band 31

b) Aqua
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[2 92 96 100 o4 108
Terra MODIS Geoinformatics Center/AIT, Bangkok, Thailand
Day-time Scene December 02,2009 04:13 GMT True color composite R:G:B=1:4:3

c) Terra d) Terra

Figure D.8 MODIS Images (Aqua and Terra) on December 2, 2009.

112

Terra MODIS Geoinformatics Center/AlT, Bangkok, Thailand
Night-time Scene December 02,2009 15:05 GMT Emissive band 31

id DD MM |YY |HH |hh+7 [min |daynight |satellite |lat lon Fc

1013278 2| 12{2009| 4| 11| 13|Day  |Terra [19.4900(100.2600| 42.0000
1013279| 2| 122009 4| 11| 13|Day  [Terra [19.4100[ 99.7900| 46.0000
1013280] 2| 12/2009| 4| 11| 13|Day Terra [19.1800| 99.6200| 56.0000
1013282 2| 12|2009| 4| 11| 13|Day Terra | 17.8800]102.5500] 54.0000
1013283) 2| 12)2009| 4| 11| 13|Day  |Terra |17.8300]102.8300| 51.0000
1013286| 2| 12/2009| 4| 11| 13|Day  |Terra |17.4000/100.1800| 82.0000
1013287] 2| 12/2009| 4| 11| 13|Day  |Terra |17.3600|100.2500| 29.0000
1013288) 2| 12)2009| 4| 11| 13|Day  |Terra |17.2800|100.1300| 62.0000
1013289 2| 12{2009| 4| 11| 13|Day Terra |16.3000| 103.4600| 82.0000
1013290| 2| 12{2009| 4| 11| 13|Day |Terra |16.3000|103.4800| 74.0000
1013292] 2| 12]2009| 4| 11| 13|Day |Terra [16.6500| 99.5100| 65.0000
1013294| 2| 12]2009| 4| 11| 13|Day |Terra [16.5500| 99.5800| 62.0000
1013295| 2| 122009 4| 11| 13|Day |Terra [16.4300| 99.4500| 67.0000
1013296 2| 12{2009| 4| 11| 13|Day Terra [16.0200|101.1500| 74.0000
1013297| 2| 12|2009| 4| 11| 13|Day Terra |16.0100/101.1600] 62.0000
1013300] 2| 12/2009| 4| 11| 13|Day  |Terra [15.9300(100.0600| 64.0000
1013301] 2| 12{2009| 4| 11| 13|Day |Terra |[14.8500(102.4800| 92.0000
1013302| 2| 12/2009| 4| 11| 13|Day |Terra |14.8400|102.4700| 92.0000
1013304| 2| 12]2009| 4| 11| 13|Day  |Terra [14.2000| 99.1900| 62.0000
1013305| 2| 122009 4| 11| 13|Day |Terra [13.3100(102.3100| 47.0000
11013306] 2| 12{2009] 4] 11] 13]Day |[Tema |13.3000]102.3300] 56.0000
1013337] 2| 12/2009| 15| 22| 5|Night |Terra |[17.0300|102.8800(100.0000

Figure D.9 Available MODIS data on December 2, 2009.
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Figure D.10 Time analysis of Fire hot spot data in Thailand during 2005-2009.
Note: A = Aqua satellite, T = Terra satellite
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Figure D.11 Summary of methodology for estimating burned area by remote sensing data.

Monthly burned
area of rice

Monthly burned
area of corn

Monthly burned area
of sugarcane




186

Fire Hotspot in Paddy Field February 2008

Fire Hotspot in Paddy Field January 2008
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Figure D.12 Spatial distribution of FHS on paddy field in Thailand year 2008.
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Fire Hotspot in Corn Field May 2008 Fire Hotspot in Paddy Field June 2008
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Figure D.12 Spatial distribution of FHS on paddy field in Thailand year 2008 (continued).



Fire Hotspot in Paddy Field September 2008

Fire Hotspot in Paddy Field November 2008

Figure D.12 Spatial distribution of FHS on paddy field in Thailand year 2008 (continued).
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Fire Hotspot in Paddy Field October 2008
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Fire Hotspot in Corn Field January 2008

3 @  Fire hotspot 2008 +
L) Facy fisid
. L p——
. 1 [T
! [ ] map ot Thatana
0 100000 200 pOD 400 000
Mot
4 b 4
T T

Fire Hotspot in Corn Field February 2008

A\

@ Fira hatspot 008 +
Facy feld
b R suoacsnenen
X Com Tidig
H [ mao ot matana
] 100 000 200 000 400 D00
Meters
+ +
T T

Fire Hotspot in Comn Field March 2008

\;«%: "

N
Legend
i @  Fie notpot 2008 +
i 27 pacoy tiela

n
P B sgwcane nes

Coin tieks

. Y, ] wwosrmatana
Sy
' ! ‘ \—) 0 100000 200 DO 400 000

S >

@  Fire hotspot 2008
a Paciy tklg
P B siowcanesen

Cotn sk

I weo ot Tatena

400 D00

4+

Figure D.13 Spatial distribution of FHS on corn field in Thailand year 2008.
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Fire Hotspot in Corn Field May 2008 Fire Hotspot in Corn Field August 2008
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Figure D.13 Spatial distribution of FHS on corn field in Thailand year 2008 (continued).
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Fire Hotspot in Corn Field December 2008
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Figure D.13 Spatial distribution of FHS on corn field in Thailand year 2008 (continued)
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Figure D.14 Spatial distribution of FHS on sugarcane field in Thailand year 2008.
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Figure D.14 Spatial distribution of FHS on sugarcane field in Thailand year 2008 (continued).
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Fire Hotspot in Sugarcane Field December 2008
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Figure D.15 Trend of agricultural burning in paddy field by remote sensing.
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Figure D.16 Trend of agricultural burning in corn field by remote sensing.
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Figure D.17 Trend of agricultural burning in sugarcane field by remote sensing.
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Figure D.18 Major rice burned area in each region of Thailand, 2005-2007 (OAE, 2008 and
PCD, 2007).
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Figure D.19 Second rice burned area in each region of Thailand, 2005-2007 (OAE, 2008 and
PCD, 2007).
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Figure D.20 Statistic burned area of major and second rice field in Thailand, 1999-2007 (OAE,
2008 and PCD, 2007).
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Figure D.21 Corn burned area in each region of Thailand, 2005-2007 (OAE, 2008 and PCD,
2007).
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Figure D.22 Statistic burned area of corn field in Thailand, 1998-2007 (OAE, 2008 and PCD,
2007).
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Figure D.23 Sugarcane burned area in each region of Thailand, 2005-2007 (OAE, 2008 and
PCD, 2007).
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Figure D.24 Statistic burned area of sugarcane field in Thailand, 1999-2008 (OAE, 2008 and
PCD, 2007).
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Figure D.25 Sugarcane burned area in each region of Thailand, 2007-2009 (OAE, 2008 and
PCD, 2007).
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Figure D.26 Monthly production of agricultural year 2006/2007 (%)(OAE, 2008).
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Abstract
Paddy fields cover an area of 10 million ha or 20% of Thailand, which rice is a major economic
crop that has been exported in the initial rank of the world. After harvesting, most rice residues (i.e. rice

straw) are burned in paddy field area to prepare the land because burning is convenient, quickly, and

especially low cost to remove those residues. However, rice residue open burning releases air pollutants
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and substances that cause in climate change i.e. greenhouse gases (CO,, CH,, and N,O) and fine
particulate matter.

This study has measured concentration of fine particulate matter (PM,;) and gases (CO, and
CO) in the plume that released from rice straw and rice stubble open burning in paddy field, Thailand to
evaluate emission factor (EF PM, ;). Biomass load of rice straw and rice stubble, which is fuel in this open
burning, has been measured to be used as a part in evaluation of EF PM, from rice residues open
burning in paddy field area in Thailand. Results of this study were found that EF PM,  is 13.64+6.85 g/kg
or 5.96+2.99 g/mz. This EF value can estimate annual emission from area burned. Paddy field area
burned from statistical data is 5 million haly, which release aerosols from rice straw and rice stubble open
burning in the field for 328,707 ton/y. This annual PM emission from rice residues open burning is higher
than PM released from 2,400 MW coal-fired power plants for 171 times.
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winewe mindafan 312.5 g/m’ (500 ton/rai)

o

= a o o o A @ . da =
IINANIN 2 U?&J"lﬂtﬂ’]dﬂ']'}ltﬂiﬁﬂN‘uﬂUﬂ’Tl&lgxl’Hﬂ\Wla“IN nuNIzdunuineg@any

U
>

ﬂ'%mmvl']ﬂuuﬂaoLﬁnumn@haﬁuﬁuuﬂaaﬁuﬁmaawhtﬁaomnmwgwama%&ﬁaun’haaum AINU
> & d & a . v J4d & & a @ Pri
WOANITUMINUINEIRANadaUTu Wt B TuTamasranlumsnludiun

4.2 madszdndSannasagimasnasnisiun
o o o a& af 3 Wi 8 P o o A
ARIMIHINITY URzaadsluiNuh WUIIFAFIUNDNLHNANABNIITT  UazABTIFIULY D9
' “ ' a ~ “ % A =1 “ o o .
mumaaaglumnmﬂgmmﬂa Lo ua:maamuﬁlugmm (unburn) AaaadIn lralWldunsdiu wans

INUAIBENININTIN 3

d' Q @ d - e
@A19N 3 ﬂiN’]mtﬁ‘H’Jﬁ@ﬂ HRDVRINTITLHN

wiaes wasneaad 1 wsinaaed 2 wasnasay 3 flaagy
1 (g dry/m?) 20 40 24 28 +9
Unburn (g dry/m2) 57 76 67 67+8
CE W31 (%) 100 100 100 100+0
CE 9099 (%) 73 71 74 7342

MO0 3 YSuawdn Lm:éwﬁ“lu’QnLmLmsﬁumwﬂ‘%mmWwﬁwﬂumﬁoﬁ 2 ua b iue

Ve o o o v = . & v d o
ﬂaﬁﬂaquﬂWSLNqiﬂu (CE) PIWITN Ltﬂzﬂa’ﬁdkuﬂﬂﬂ'\ﬂﬂ@ajuﬂgﬂLNWa?quﬂﬂaﬂqamqqﬂagUuﬂE]‘UG

521




a o a o v a & 4
ﬂ']sﬂ?:']!ﬂ')ﬁ'\ﬂ’l?sxﬁu'ﬁ'\ﬁ 1389 ﬂi:mﬁ‘lﬂunugummﬁran ﬂsﬂﬁ 1:

~~% CTC
#2010

anudss uazlomaimislunalnmsdamsanmaiionmalan 3w 19 - 21 fsmaa 2553

4.3 uan1sasavianisianlasunaisluernAINNINARDIN AR IEA [WK1212
NANNIATINIANNNITNTU PM, 5, BC, CO uae CO, mnmsﬂﬂaaaLN'}LﬂHﬁ@ﬂWﬁﬂﬁ%ﬂﬁ‘ﬂ
warEsseRimuulas seaonanisaseialinuanuduiuluusssmea uaasluansai 4
NAT9T 4 wua NIt usaR A ialuulamasasi 2 JenanunTugige
Luaammﬂ@mmJnsmmamamwumeuluml,mumau'luﬂaumumaaﬂnm Tmummmumu’lwmwm’lu
ummw’uamﬂaamaommsnmumumu‘lﬂmuuu’mamﬂamﬂaaa 3 uAzIzRUAMNSIRNRY 2.79
m/s m‘lvxnaumuaUluumuamm:wamnaumummmtmmm@maﬂnim
mumsmaaa'luu,ﬂaomaao 1uae 3 mmaﬂmm@mammmmwu'l,uml,mumauuunuu
WasnnfianmsandulngRaaauuuwiszauys mmmau‘luuﬂmmaaa 118y 2.57 mis ilkngy
ﬂi'ua:i‘luumuauua:ﬁﬂwwnéuai’umﬁoﬁmmﬁqﬁaﬂﬁg\iaﬂnstﬁmnnimﬂmmaaa 3 ARaNNGANERY
1.73 m/s mmafmﬂmnaumuaaﬁaamuvl,ﬂ'luummuavaﬂnsmmvluau‘lunaumu 3 lkamIada
anudTuiisndnimmeasosbu s uamwemaiiinademsaviaanaududuiiiann

nTWLARIEA uE

AN 4 uamsm’m’iﬂmsﬂaﬂﬂdawaﬁv‘lummﬂmnmsnmaaatmtﬁu‘?ﬁq‘l%mﬁn

wniaad Ambient wlaimaaas 1 | ulasnesas 2 | wlainassd 3 Aiaay
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(g C/m’) (g C/m)
W91 32.54+0.5 142452 142 100 100
LN 7.44+0.1 2.08+0.64 8.04+1.00 1.69+0.83 5.65+0.70
C released - 140452 13441 98.31+0.83 94.35+0.70
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PM, < (g/kg) 2.16+0.30 13.6416.85 39 12.950.30
BC (g/kg) 0.05+0.02 0.64+0.25 0.69 £ 0.13 0.17+0.4
CO (g/kg) 4.87+1.07 108.62+33.20 92 + 84 -
CO, (g/kg) 194.23+32.19 1,116x187 151 5= 177 -

e ed 7 dadsuifisunamsitonsditaeaenluienun nuuide IPCC, 2006
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@139 8 Wan151sz1din Emission Factor (g/m?)

wndaed NANIITUNATUY NAMTITUNINARDILHN PULATLHA
PM, 5 (g/m’) 0.94£0.13 5.9642.99

BC (g/m’) 0.02+0.01 0.28+0.11

CO (g/m’) 2.13£0.47 47.47+14.51

CO, (g/m’) 84.88+14.07 487.70£81.60
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o A ' ' o a v 4 a { ‘
328,707 audail ‘ndmnmﬁmsﬂaauguazaaamnmsuamvlwﬂw‘[ﬂu'l"nmu%ummﬂ 2,400 MW fivaadsas
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Abstract:

This study aims to investigate the carbonaceous aerosols emitted from rice field open burning in Thailand by integrating
experimental data with satellite information. Field experiments were conducted in irrigated and rainfed paddy field in
Samutsakhon and Nakhonsawan province, respectively, to obtain biomass load, fraction burn, and emission. Area burn
was quantified by Fire Hot Spot, landuse, field survey, and statistical data. Aerosols and gases emissions were
determined by emission factor. Biomass load of rice straw is 4804393 g/m’ in Samutsakhon, and 572+121 g/m’ in
Nakhonsawan. Major part of residue that open burned in the field was rice straw. In Samutsakhon, more than 80% of
straw and 31+15% of stubble was burned. Less FB was found in rainy season, stubble was burned for 22%. The FB of
the rice straw in Nakhonsawan was nearly 100% and stubble was 82%. Carbon component of rice straw in Samutsakhon
is 38.97+1.54% and in Nakhonsawan is 32.35+0.02%, which is in the same range with other studies in Thailand and
China. Carbon contents of the ash from rice residue combustion in Samutsakhon and Nakhonsawan are the same,
7.5440.03% and 6.98+0.35%, respectively. However, %C in PM is different between 20.52+19.08% in Samutsakhon
and 86+23.24% in Nakhonsawan. Most carbon was release into the atmosphere in form of gas (>90%). Field experiment
results were converted to emission as following: by emission factor of Andreae and Merlet (2001) PM, 5 1.50, TPM
4.99, TC, 1.54,0C 1.27, BC 0.26, CO, 581.73, CO 35.33, and CH4 1.04 g/m” in Samutsakhon; Hays et al. (2005) PM, 5
4.97, TC 3.50, OC 3.43, and BC 0.07 g/m2 in Samutsakhon; Andreae and Merlet (2001) PM, s 2.23, TPM 7.44, TC
2.29, 0C 1.89, BC 0.39, CO, 866.5, CO 52.62, and CH,4 1.54 g/m2 in Nakhonsawan; and Hays et al. (2005) PM, s 7.41,
TC 5.21, OC 5.11, BC 0.10 g/m’ in Nakhonsawan, respectively. Emission that estimated from Hays et al. (2005) is
specific to rice, which was higher than emission from the global agricultural residue EF by Andreae and Merlet (2001).
However, EF specific to rice residue in Thailand is still scarce. To improve emission estimation, specific EF is required.
Real time measurement of PM,s, CO, and CO, from 1 m’ rice residue combustion was conducted in the field.
Combustion duration period was 1-3 minutes, which flaming was dominant in the initial with low CO/CO,. Maximum
concentration of PM, swas 110 mg/m3 in Samutsakhon, and 170 mg/m3 in Nakhonsawan, respectively.

Keywords: carbonaceous aerosol, climate change, PM, s, rice field, open burning

1. INTRODUCTION carbonaceous aerosol is still scarce when compare with
greenhouse gases.
Atmospheric carbonaceous aerosol consists of organic

carbon (OC), elemental carbon (EC or black carbon (BC Emission factor between forest fire and agricultural
or soot), a non volatile/light-absorbing carbon), and a burning in terms of EC and OC has been estimated.
small amount of carbonate carbon. EC is emitted Andreae and Merlet (2001) have presented OC 3.3, BC
directly from primary sources; in contrast, OC is 0.69+0.13, and Total Carbon (TC) 4.0 g/kg of global
emitted both directly as particulates and also condensed agricultural residue [4]. The EFs of Hays et al. (2005)
in the atmosphere. Major sources of carbonaceous that simulated open fires of rice straw in chamber are
aerosol are fossil fuel and biomass combustion [1, 2]. OC 8.94+0.42, EC 0.1740.04, and PM,s 12.95+0.30
EC is mainly emitted from biomass open burning. g/kg rice straw in USA. Nguyen et al. (1991) have
estimated CH4 and CO emission of rice straw burning in
Biomass open burning includes forest fire and dry and wet season in Vietnam; however, the
agricultural burning. Impact of carbonaceous aerosol is carbonaceous aerosol was not considered [5].
significant on human health, environment climate
change, global warming/cooling. The effect of Thailand is an agricultural based economy. Rice
carbonaceous aerosol is usually determined radiative exporter number one of the world. In 2008, quantity of
forcing, which is an important contributor to climate rice production was 32,099,401 ton, and 10,216,043 ton
change [2]. Organic aerosols scatter the light so it is was exported. Planted area of rice was 112,299.44 km?,
negative effect that results in cooling [3]. On the which was harvested for 106,689.05 km” [6]. In order to
contrary, EC absorb light and increase global increase production to assure exportation, farmers
temperature. The Intergovernmental Panel on Climate cultivated 2-3 crops per year. To remove rice residue
Change (IPCC) has estimated annual radiative forcing out of the field as soon as possible in order to prepare
of aerosol in a range of -0.3 and -1.8 W/m? [2]. Data on land for the next cultivation, open burning is selected
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because it is convenient and low cost. That is one reason
of biomass open burning in Thailand. Purpose of this
study is to investigate the carbonaceous aerosols emitted
from rice field open burning in Thailand by integrating
experimental data with satellite information.

2. METHODOLOGY

2.1 Estimation of Emission
Estimation of emissions from rice residue open burning
is assessed by
E; = MXEF; (1)

where E; is the emission of pollutant i, M is the amount
of biomass burned (kg) and EF is the emission factor of
pOllUtaﬂt i (EFI) (g pollutam/kg dry mass of biomass)~ M is the
rice residue burned (kg dry matter) obtained by

M=A4xaD*FB (2)
A is area burned (m®), D represents biomass load (kg¢m
biomass/mz), « is burned fraction of biomass load, and

FB = fraction burned. M is obtained mainly from the
field experiment and EF is available from the literature.

2.2 Estimation of Area burn using satellite data

Area burned was analyzed by fire hot spot and landuse
data. The fire hot spot was obtained from MODIS Fire
Product (MODI14) Information System for Southeast
Asia (Geoinformatics Center AIT). The products were
used to quantify area burned in rice field during year
2008 in Samutsakhon (SS) and Nakhonsawan (NS)
province. The product is a 1-km gridded composite of
fire pixels detected in each grid cell two times a day (in
the moming and the afternoon). Active fires and other
thermal anomalies are detected by MODIS Terra and
Aqua satellite [7]. The landuse data from Land
Development Department of Thailand in 2002 was used
to identify paddy field area. Therefore, paddy field
burned area was quantified.

2.3 Field experiment

Field experiments were conducted to determine biomass
load, fraction burn, area bumn, and emission.
Experiments were carried out for three batches in
Samutsakhon and one batch in Nakhonsawan province
during year 2007 and 2008. Samutsakhon province is
located in central part of Thailand at the mouth of the
Tha Chin River, 30 km from Bangkok. Nakhonsawan
province is in upper part of central region of Thailand.
Rice was cultivated by broadcast and harvested by
machine. Rice field in Nakhonsawan is rainfed that
harvest one time per year, and Samutsakhon is irrigated
area that harvest 2-3 times per year.

Biomass was collected in 1 m” by collecting straw in
one bag and cut above ground stubble then keep in
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another bag. Wet weight of straw and stubble were
recorded at the field. The biomass was brought back to
analyze for dry weight at the laboratory by place in the
oven at 70°C for 1-2 days. Then grinding and sieving
through 106 pm size to analyze for physical and
chemical properties by proximate and ultimate analysis.
Proximate analysis was done by Thermogravimetric
Analyzer (TGA Perkin Elmer, model Pyris 1) and
Ultimate analysis was carried out by CHN analyzer
(Elemental Analyzer, FLASH 1112 SERIES).

Rice residue combustion was conducted at the field by
burning in 1x1 m? and traditional way. Farmers burn
rice residue in rows (Fig. 1) because straw was spread
out from the harvested machine in rows. Emissions
were sampling at ground level near the fire, which tried
to keep position in the plume. Aerosols were collected
through quartz filter by personal pump at 10 LPM. The
aerosol on the filters was weighed by microbalance and
analyzed for TC by CHN analyzer (Elemental Analyzer,
FLASH 1112 SERIES). Sampling PM, 5 was conducted
every 10 seconds by real time equipment (Dust Trak
model 8520). During combustion experiment,
meteorological data (include wind speed, wind
direction, temperature, humidity, and pressure) was
recorded every minute.

Fig. 1 B:umed paddy field in rows.

After combustion, unburmn was collected by cut above
ground biomass in 1x1 m’ keep in one bag and ash was
stored in another bag. Moisture content and dry weight
were conducted at the laboratory. Carbon content in ash
sample was analyzed by Elemental Analyzer.

Carbon was determined by The Flash EA 1112
Analyzer, which operated according to the dynamic
flash combustion (modified Dumas method) of samples.
Biomass, ash, and PM samples were analyzed at 900°C.
When heating, a small volume of pure Oxygen was
added to the system and helped to burn the samples,
converting the samples into elemental (simple) gases

(8].

3. RESULTS AND DISCUSSION
3.1 Area burn from Fire Hot Spot
Area burn has been determined by using MODI4
product from MODIS Aqua and Terra. Each fire hot
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spot detected by MODIS Terra and Aqua was
interpreted into area burn by one hotspot covered 1 km’.
In Samutsakhon province year 2008, few hotspots were
found in other landuse, but cannot be found in paddy
field area because farmers burned paddy field in a small
area that satellite cannot detect, and sometimes satellite
did not fly over when rice residue was burning.
However, rice residue was traditional way to remove
rice straw in this area, which can be observed by field
experiment. After harvesting, the straw was burned
within one week, and pump water into the field to
prepare for the next batch. Small fraction of rice straw
was collected for mulching, but the utilized amount was
not significant when compare with total quantity of rice
straw.

In 2008, number of hotspot was 322 points (Fig.2), so
total area burned was estimated 322 km’ in
Nakhonsawan province. From field observation, paddy
field area belongs to one farmer in Nakhonsawan is the
same size as in Samutsakhon, but combustion behavior
is different. Paddy field in Nakhonsawan cultivates one
time a year because water resource rely on raining.
Paddy fields are connected in a large area that separates
each owner by soil mound. After harvesting, the straw
cannot burn immediately because the fire may damage
other fields that have not been harvested. Purpose of
rice residue combustion is for catching mice by local
people (not farmer). The field was burned in a large area
so it can be detected by satellite. Utilization of rice
straw in this area is animal fodder.
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Fig. 2 Spatial distribution of FHS on paddy field in
Nakhonsawan province year 2008.

The area burned cannot be estimated only by satellite
data. Therefore, field experiment and statistical data
should also be considered. Harvested area in
Samutsakhon and Nakhonsawan were 46.77 and
4,779.88 knr’, respectively [6]. From questionnaire data,
72% of major rice and 100% of second rice in
Samutsakhon were burned, and 50% or major rice and
75% of second rice in Nakhonsawan were burned (PCD
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report, 2007). Therefore, burned area was 39 km2 in
Samutsakhon and 2,691 km2 in Nakhonsawan,
respectively. The area burned result from remote
sensing data was less than questionnaire data for 8
times.

3.2 Biomass
Field experiment results of biomass sampling are

presented in Table 1.

Table 1 Results of biomass sampling field experiment

§S SS SS NS
Experiment | 25/12/07 | 30/6/08 | 18/11/08 | 14/12/08
Season dry wet dry flood
Rice type No.17 Kanchan | Rashinee | 105
Studied
area (m”) 33,600 33,600 33,600 32,000
Product
(g/m?) 238 295 327 313
Product
(g/m?)’ 403 443 403 348
Rice straw
_g&wm/mz) 4404372 | 259+135 | 8474417 | 572+121
Rice
stubble
(Eaywi/m?) | 161+45 | 239430 | 186+40 | 172+92
RPR 1.85 0.88 2.59 1.83
Note: SS is Samutsakhon, and NS is Nakhonsawan,
'[OAE, 2009]

In Samutsakhon, the samples were collected in the same
location at 638430 UTMx, 1507153 UTMy but rice
types in each batch were different. Height of rice in 3
batches was 83+13, 81+9, and 87+7 c¢cm, which was not
much different in one area. However, they were
different when compare with other province i.e.
Nakhonsawan 176+17 cm. Biomass load of rice straw is
480+393 g/m’ in Samutsakhon, and 572+121g/m’* in
Nakhonsawan.

All products were lower than statistic data [6]. The
residue to product ratio was obtained from amount of
rice straw and grain product in 1 m’ The RPR is
1.77+0.86 in Samutsakhon, and 1.83 in Nakhonsawan.
These RPR value is higher than other studies: 0.49
(DEDE, 2006) [9], and 0.45 (Bhattachaya et al., 1989)
[10].

The rice stubble weight depends mainly on harvesting
method. Rice was harvested by machine. After
harvesting, stubble height was on the above ground for
255 cm in Samutsakhon, and 40+13 cm in
Nakhonsawan. Stubble weight was 204+52 g/m’ in
Samutsakhon and 136+43 g/m’ in Nakhonsawan,
respectively.
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3.3 Fraction burn

Major part that was burned is rice straw and some part
of stubble was also burned in the field. The fraction
burn was presented in percentage by dry weight. From
field experiment, more than 80% of rice straw was
burned in the field. Fraction burn of stubble is 31£15%
in Samutsakhon. Less FB was found in rainy season,
22% of stubble was burned. The FB of the rice straw in
Nakhonsawan was nearly 100% and stubble was
72+10%.

3.4 Carbon component

The results of carbon component in biomass, ash, and
aerosol that collected in the field and analyzed by the
EA analyzer are presented in Table 2.

Table 2 Results of carbon analysis experiment

Seinble %Carbon
Samutsakhon Nakhonsawan

Rice straw 38.97+1.54 32.35+0.02

ash 7.54+0.03 6.98+0.35

PM 20.524+19.08 86+23.24

Carbon content in rice straw that was collected in
Samutsakhon and Nakhonsawan province are in the
same range, 38.97+1.54% and 32.35+0.02%,
respectively. These results go along with other studies
in Thailand (44.4 %C by Garivait et al., 2006) and
China (38.52 %C by Cuiping et al., 2004) [11]. The
carbon contents that contained in the ash sample are
also similar among results, 7.5440.03% in Samutsakhon
and 6.98+0.35% in Nakhonsawan. However, carbon
quantities in the PM samples from both locations are
different.

Carbon balance was determined by carbon in biomass
before burning equals C in the ash combined with C
release into the air after burning.

Cbiomass = Cash =+ Creleasc

where Cpiomass, Cash, @0d Crelease are carbon content in
biomass, ash, and release into the air, respectively.
Carbon content of each phase is presented in Table 3,
including carbon in rice straw, ash, PM, and release to
the atmosphere in form of gases i.e. CO, CO,, CHy,
NMVOC, and others.

Table 3 Carbon content

Sample Samutsakho | Nakhonsawa
n (g/m’) n (g/m’)

C Rice straw 187 185

C Ash 7 6

Cpm 0.0003 0.0015

C Reicase 180 179

Note: C release = C rice straw — C ash
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Most carbon from rice residue combustion was releas:
into the air in form of gases for more than 90%. Small
amount of carbon contain in ash that left on the ground
after combustion.

3.5 Carbonaceous aerosols

The carbonaceous aerosols were determined by
information of biomass load, fraction burn from field
experiment and emission factors from literature review
Total carbon was considered in PM, s, which contains
EC and OC. Emission factor of PM, s, TC, OC, and BC
are [EF1] 3.9, 4, 3.3, and 0.69 (Andreae and Merlet,
2001); and [EF2] 12.95, 9.11, 8.94, and 0.17 (Hays et
al., 2005) [4, 12]. Results of the carbonaceous aerosols
determination are presented in Table 4.

Table 4 Carbonaceous aerosols

Samutsakhon (g/m”) | Nakhonsawan
(g/m’)
EF1 EF2 EF1 EF2
PM, s 1.50 4.97 2.23 7.41
1C 1.54 3.50 2.29 5:21
oC 1.27 3.43 1.89 511
BC 0.26 0.07 0.39 0.10

Note: EF1 (Andreae and Merlet, 2001) and EF2 (Hays
et al., 2005)

The emission of carbonaceous from rice residue
combustion estimated by emission factor of Hays et al.
(2005), which specific to rice straw residue (USA), is
higher than Andreae and Merlet (2001) that used for
global agricultural residue.

3.6 Emissions

Emissions of TPM, CO2, CO, and CH, are determined
by emission factor of global agricultural residue
(Andreae and Merlet, 2001). The results are presented in
Table 5.

Table 5 Emissions from rice residue open burn

Pollutants | Samutsakhon | Nakhonsawan
(g/m’) (g/m’)

TPM 4.99 7.44

CO, 581.73 866.58

CO 35.33 52.62

CH, 1.04 1.54

Major carbon in form of CO, was release into the air,
which was a significant greenhouse gas that caused
global warming. Other greenhouse gases, i.e. CO and
CH,, were also released and increasing global
temperature.

Real time measurements of PM,s from rice residue
open burning in 1 m? results conducted at the field in
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Samutsakhon and Nakhonsawan are presented in Fig. 3
and 4.
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Fig. 3 Results of real time PM, 5 in Samutsakhon.
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Fig. 4 Results of real time PM; 5 in Nakhonsawan.

From Fig. 3 and 4, combustion of rice residue in 1 m’
took short period for 1-3 minutes. PM, s was increased
in the initial, reached maximum in around 1 minute, and
deceased to the ambient concentration. Maximum
aerosol concentration was 110 mg/m’ in Samutsakhon
and 170 mg/m’ in Nakhonsawan.

At the same period of combustion, CO and CO, were
measured at the same position. The result of CO and
CO; real time measurement is presented in Fig. 5.
Lower CO/CO, was presented at the initial because
flaming or complete combustion was dominant.
Increasing of CO/CO, can be noticed, when smoldering
phase was dominant.

Time {second)
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Fig. 5 Results of real time CO/CO, in Nakhonsawan.

4. CONCLUSION

This study investigated the carbonaceous aerosols
emitted from rice field open burning in Thailand. Field
experiments were conducted in irrigated and rainfed
paddy field in Samutsakhon and Nakhonsawan
province. Aerosols and gases emissions were
determined by emission factor. Biomass load of rice
straw is 4804393 g/m’ in Samutsakhon, and 572+121
g/m’ in Nakhonsawan. Major part of residue that has
been burned in the field is rice straw for more than 80%.
Carbon component of rice straw in Samutsakhon is
38.97£1.54% and in Nakhonsawan is 32.35+0.02%,
which 1s in the same range with other studies in
Thailand and China. Carbon contents of the ash from
rice residue combustion in Samutsakhon and
Nakhonsawan are 7.54+0.03% and 6.98+0.35%,
respectively. However, %C in PM is 20.52+19.08% in
Samutsakhon and 86+23.24% in Nakhonsawan.

Most carbon was release into the atmosphere in form of
gas. Emissions from rice residue open burning are
following: EF of Andreae and Merlet (2001) PM,
1.50, TPM 4.99, TC, 1.54, OC 1.27, BC 0.26, CO,
581.73, CO 35.33, and CH4 1.04 g/m’ in Samutsakhon;
Hays et al. (2005) PM,s 4.97, TC 3.50, OC 3.43, and
BC 0.07 g/m’ in Samutsakhon; Andreae and Merlet
(2001) PM,s 223, TPM 7.44, TC2.29, OCI1.89,
BC0.39, CO2866.58, CO 52.62, and CH4 1.54 g/m2 in
Nakhonsawan; and Hays et al. (2005) PM2.5 7.41, TC
521, OC 5.11, BC 0.10 g/m2 in Nakhonsawan,
respectively. The EF of Hays et al. (2005) is specific to
rice, which was higher than the global agricultural
residue EF by Andreae and Merlet (2001).

The EF specific to rice residue open burning in Thailand
is still scarce. To improve emission estimation, specific
EF is required.

Real time measurement of PM,s, CO, and CO, from 1
m” rice residue combustion was conducted in the field.
Combustion duration period was quite short for 1-3
minutes, which flaming was dominant in the initial with
low CO/CO,. Maximum concentration of PM, s was 110
mg/m® in Samutsakhon, and 170 mg/m’ in
Nakhonsawan, respectively.
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