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ABSTRACT El 4 2 1 3 4

Emission concentrations of carbonaceous aerosols, carbon dioxide (CO;), carbon
monoxide (CO), and fine particulate matter (PM,s) from open burning of agricultural
residues in the rice, corn, and sugarcane field was measured by field and chamber
experiments to develop field emission factors (EF) and emission inventory of these
pollutants, which are specific to field burning practice in Thailand. Emissions of these
pollutants from the open burning of agricultural residues have been reviewed to investigate
order of magnitude of emission factors, including contribution of black carbon (BC) and
organic carbon (OC) from global sources and share of agricultural residues open burning
source. The emission loads were estimated by considering amount of biomass burned and
emission factor.

Amount of biomass burned was determined by biomass load, fraction burned,
combustion efficiency, and burned area. From field experiments, suggested sampling area
of agricultural residues in paddy field is 1x2 m?, and corn and sugarcane fields are 2x2 m?
to obtain representative samples. Biomass load results from field experiments are irrigated
rice straw 360+140 g/mz, rain-fed rice straw 507+305 g/mz, corn residues (leaves, stem,
and envelope) 610+153 g/m?, and sugarcane leaves 1,007+233 g/m?, respectively. Usually,
in the field that farmers burned agricultural residues, no residue has been moved out of the
field before burning, so fraction burn is 100%. After paddy field burning, straw is totally
burned and remaining part in the field is stubble, so combustion efficiency (CE) of straw is
100%. Burning in sugarcane field is done before harvesting to harvest easily. Total
sugarcane leaves is burned (100% CE). Corn residues consist of 19% leaves, 42%+2%
stem, and 39%+2% envelope. The CE of corn residues is 67%+22%.

The EF was developed by measuring emission concentrations from field
experiments; however, the field EF was varied due to surrounding parameters, especially
moisture and wind condition. Therefore, the research has developed methodology to

measure field emission concentrations by open burn simulated chamber to reduce



ACKNOWLEDGEMENT

First of all, I would like to express my appreciation to my research advisor, Asst. Prof.

Dr. Savitri Garivait for her continuous guidance and support throughout my graduate study.

Sincere thanks are also to Assoc. Prof. Dr. Sirinthornthep Towprayoon, Dr. Narisara
Thongboonchoo, and Assoc. Prof. Dr. Nitin Tripathi for their kindness in acting my
dissertation advisory committee members. Thank you for valuable comments from Prof. Dr.

Martin Hooper.

The author would like to express her gratitude to The Joint Graduate School of Energy
and Environment, King Mongkut’s University of Technology Thonburi, and Center for Energy
Technology and Environment, Ministry of Education Thailand for financial support. Many
thanks are extended to the support of financial by the Earth System Science (ESS-KMUTT).

Also thanks to research group “ABBA” for sharing and discussing to gain the

knowledges.

The research cannot be fulfilled without the experiment sites so I would like to extend
special thanks to farmers (Uncle Pin, Uncle Duek, P’Gift’s family, P’Pui’s family, P’Mui’s
cousin, P’Ann’s family, P’Wanchai), Kaset Amphoe Nhongyai and Banbueng, Ajarn Rawut
the National Corn and Sorghum Research Centre of Kasetsart University (Suwanwajokkasikit

Field Corps Research Station).

I am also grateful to my field experiment colleagues: my Dad, my Mom, my sister,

P’Aut, Jan, Nid, Thep, P’Mui, Wit, Goh, P’Ble, Mhee, Kal, Wan, P’Ja, Kim and P’Eak.



CHAPTER

CONTENT (Cont’)

TITLE
2.3.2 Ground Based Data
2.4 Agricultural Open Burnings in Asia
2.4.1 Situation of Agricultural Open Burnings in Asia
2.4.2 Situation of Agricultural Cultivation in Thailand
2.5 Conclusions
AGRICULTURAL FIELD RESIDUES ASSESSMENT FOR
RICE, SUGAR, AND MAIZE
3.1 Definition
3.1.1 Biomass Load
3.1.2 Fraction Burn
3.1.3 Combustion Efficiency
3.1.4 Residue to Product Ratio
3.2 Methodology of Biomass Load Assessment
3.2.1 Sampling Area
3.2.2 Collecting Method
3.3 Field Experiments
3.3.1 Experimental Design
3.3.2 Rice
3.3.3 Corn
3.3.4 Sugarcane
3.3.5 Results of Biomass Load Assessment
3.3.6 Results of Fraction Burn
3.3.7 Results of Combustion Efficiency
3.3.8 Results of Residue to Product Ratio
3.4 Proximate and Ultimate Analysis

3.4.1 Sample Preparation

PAGE
22
b
23
24
24
26

26
17
g7
27
28
28
28
29
30
30
33
42
46
49
52
52
53
54
54



vii

CONTENT (Cont’)

CHAPTER TITLE PAGE
5.2.2 Data processing 82
5.2.3 Results of Burned Area by Remote Sensing Data 82
5.3 Ground Based Data 85
5.3.1 Ground Based Data for Estimating Burned Area 85
5.3.2 Methodology for Burned Area Assessment by Ground 86
Based Data
5.3.3 Results of Agricultural Burned Area from Ground Based 87
Data
5.4 Analysis of Agricultural Burned Area in Thailand 89
5.5 Conclusions - 91
6 INVENTORY OF EMISSION LOAD FROM AGRICULTURAL 92
OPEN BURNING IN THAILAND
6.1 Emission Inventory of Agricultural Residues Open Burning 92
Year 2007
6.2 Share of Emission in Each Crop Type 95
6.3 Emission from Agricultural Open Burning in Each Region of 95
Thailand
6.4 Conclusions 103
7 CONCLUSIONS 104
7.1 Biomass Load 104
7.2 Agricultural Burned Area 105
7.3 Emission Factor 106
7.4 Carbonaceous Aerosol 107
7.5 Emissions Inventory 107
7.6 Recommendations 108
REFERENCES 109

APPENDIX 116



TABLES

2.1
29

2.3
24
3.1
32
33
34
35
3.6
3.7
3.8
39
3.10
3:11
3.12
4.1

42

43

4.4

LIST OF TABLES

TITLE
Global sectoral carbonaceous emission inventory
Emission factor of carbonaceous aerosol from agricultural residues
burning
Summary of satellite provision of information for biomass load
Annual amount of agricultural waste burning
Definition of biomass from agricultural crop
Sampling area
Area of rice crop plots in Samutsakhon
Summary of biomass load results
Biomass load of rice straw in irrigated and rain-fed paddy area
Results of Combustion Efficiency
RPR results
Proximate analysis results of biomass
Proximate analysis results of ash
Ultimate analysis results of biomass
Ultimate analysis results of ash
Weight balance of agricultural residues open burning
Background concentrations of PM, s, BC, CO and CO; in rice field
and corn field
Emission factor results of agricultural residues open burning in
field experiments
Emission factor results of agricultural residues open burning in
chamber experiments

Ultimate analysis results of aerosols

PAGE

21
23
26
29
34
49
50
52
53
56
56
58
59
59
62

70

71

74



FIGURE
1.1
2.1
28
23

24
2.5
2.6
25
3.1
3.2
33

34

3.5
3.6

3.7

3.8

4.1

5.1

Xi

LIST OF FIGURES

TITLE
Framework of Research
Nomad Sampler
Open Burning Test Facility
Experimental chamber for investigating combustion aerosol
particles
Combustion chamber
Combustion chamber and wind tunnel
Drum type chamber
Kiln type chamber
Optical Analysis Method of micro Aethalometer
Surroundings of studied site in Samutsakhon
Open burning experiment at the irrigated rice field in
Samutsakhon (07/07/2008)
Open burning experiment at the irrigated rice field in
Samutsakhon (17/09/2009)
Corn field at Amphoe Takfa, Nakhonsawan

Relationship between height and weight of stubble in irrigated

rice

Relationship between height and weight of stubble in rain-fed rice

Proximate analysis
Chamber of simulate open burning at KMUTT, Ratchaburi

Campus

Monthly fire hotspot number in rice, corn, and sugarcane field in

2008

PAGE

15
17

18
19
20
20
31
33
36

36

43
51

51

55

66

83



Xiii

LIST OF ABBREVIATIONS

A Burned area

BC Black carbon

BL Biomass load

C Carbon

CCN Cloud condensation nuclei

CCS Commercial Cane Sugar

CE Combustion efficiency

CO Carbon monoxide

CO; Carbon dioxide

EC Elemental carbon

EF Emission factor

ER Emission ratio

FB Fraction burn

Gg Giga gram (thousand metric ton)
GPS Global positioning system

H Hydrogen

ha Hectare

hPa Hectopascals

IPCC Intergovernmental Panel on Climate Change
M Burned biomass

MCE Modified combustion efficiency
MODIS Moderate Resolution Imaging Spectroradiometer
N Nitrogen

OAE Office of Agricultural Economics
oC Organic carbon

PCD Pollution Control Department

PM Particulate matter



