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getenifen, Air Pollutant Emissions from Paddy Residues Open Bining
5 < and their Potential for Bioenergy in the Greater Me&ong
3 5 a Sub-Regior (Cambodia, Lao PDR, Thailand and Vienam)
O}"fr%m Savitri Garivait, Sébastien Bonnet and Orachorn Keeal

Abstract— An inventory of emission and emission factors of carbon monoxide (CO) and total particulate matter or
aerosol (TPM) from biomass open burning in the Greater Mekong Sub-Region (GMS) was developed, in order to
document the characteristics of this significant source of air pollutants in the region. This was conducted using remote
sensing data in combination with ground-based observations, and vegetation land-use in each country. First, we
prepared monthly gridded emission maps, to identify vegetation types subjected to open burning, and to investigate its
spatial and temporal distribution. Preliminary results indicate that the major types of vegetation land use subjected to
open burning in the GMS are forests and paddy fields. For the latter, the amount of rice straw and stubbles available
for open burning in the GMS countries is estimated and converted to the energy equivalent in order to assess their
potential as renewable energy resource at the national and regional scale. Results obtained in the case of Thailand
show that about 48 million tons of rice straw and stubbles are available to open burning annually. Considering their
calorific values for heat production, rice straw and stubbles may give rise to about 680 PJ.

Keywords— Bioenergy, Emissions Inventory, Open Burning, Padly Field Residues, Greater Mekong Sub-Region.

biomass open burning emissions in Asia, and more

1. INTRODUCTION particularly in the Greater Mekong Sub-Region (GMS)

. L i including Cambodia, Lao PDR, Thailand and Vietnam,
Biomass open burning is defined as the combustfon o, hich could support the regional air quality modgli

the world’s living and dead vegetation, including anq monitoring in order to better evaluate theipaets
grasslands, forests and agricultural lands afterdsa for on regional air quality and climate

land c_:Iearing and 'af?d'use change. It has__ been: ag part of this process, this research study fatuse
recog_nlzed as a key dr|ver_ for global change, sihce a spatial and temporal inventory of biomass open
constitutes one of the major sources of gaseous an{l,ing in the GMS, using remote sensing data in
particulate emissions to the atmosphere. Theserlatt .o mhination with ground-based observations, in otde
contribute to global environmental change by afféft  yevelop a database of emissions and appropriate
local, regional, and global air quality as well By gnssion factors of carbon monoxide (CO) and total
disrupting rainfall patterns. In the ASEAN regidhey o icylate matter or aerosol (TPM). Preliminarguies
lead toan aquuallty problem named transbou.ntiaz;e, indicate that the major types of vegetation lan@ us
especially during the dry season in both hewspthre . subjected to open burning in the GMS are forests an
2]. In the northern hemisphere the peak period iS4y fields. Rice is the major economic crop ie th
_obser\_/ed during _January to March in th(_e regIon GMs countries; the burning of rice residues, iteavg
m_cludlng Cam_bodla, Lao PDR, My_anmar, Tha_uland and 4 stubbles, may affect not only local and rediama
Vietnam, and in the southern hemisphere during Atigu quality, but also national economy through the iotga

to October, with a transport of haze from_ '”dO'T“?‘F’aO of these burning activities on the soil structaneg so on
the southern part of Thailand. To remediate thigoral the production yield

air quality issue, which was the origin of high rham of In this study, a monthly 12 km x 12 km gridded
patients among the population suffering of respimat o ission maps of CO and TPM associated to open
diseases, the ASEAN approved to set up the ASEANburning of paddy fields in the GMS was developed, i
Agfeer_“‘?”t on Transbqqndgry Haze on a voluntarsbasi g ger to investigate spatial and temporal distidgutThe

of participation gnd rat|f|cat|_on. Once a membeartoy obtained results are analyzed and discussed, vidbus
accepted to ratify, the National Master Plan on 10pe ., emission characteristics of this type of airlygahts
Burning Con_trol and the Open Burning COF‘UO' Pldn 0 soyrce. Their contributions to the formulation ohtrol
Implementation should be developed and |mplemented,Stra,[egieS and mitigation policy measures, in orier

_Howeve_r, there is still a lack of reliable an_d F”Pd?‘te support the ASEAN Transboundary Haze Agreement,
information on the spatial and temporal distribatiof are also evaluated. The amounts of rice straw and
stubbles available for open burning in the GMS toes

are also estimated and converted into energy elgnitva
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2. METHODOLOGY

Table 1. Land surface of forest and paddy fields iGMS

Vegetation coverage of GMS

To classify the vegetation coverage of the GMS,
Geographic Information System (GIS) was developed
incorporating a database of digital detailed lasd-u

maps of Thailand, Cambodia, Lao PDR and Vietnam
Geographic data and their associated attributese wer
collected for the base year 2000 from governmental

agencies in charge of land development, land us
management, national statistics. The two main tygfes
vegetation being accounted in this study are foaest
paddy fields, and a 1:250,000 scale map includimly 8
types of land-use (forest, paddy, and others ccaimgyi
vegetation, constructed area, etc.) was createedoh
country of the region, in order to serve as a bate
layer for classifying emission areas (Fig. 1). e tase
of Vietnam, bush was also included to better actéam
vegetation frequently subjected to open burning.

Type | Thailand | Cambodi Lao Vietna | Total in
a PDR m GMS
Forest
ki? 170,157| 108,990| 142,602 58,613|480,362
Mha 17.02 10.90 | 14.26 | 5.86 | 48.04
(% NL) (33%) | (61%) | (60%) | (18%)
EPaddy
kn? 105,754| 17,024 | 2,556 |48,611|173,945
Mha | 1058 | 1.70 | 0.26 | 4.86 | 17.39
(% NL) (21%) (9%) (1%) | (15%)
NL*
ki? 514,361| 181,035| 236,80| 331,03 1,263,2
Mha | 5144 | 18.10 | 2368 | 3 29
33.10 | 126.32

Cambodia

Fig.1. GMS vegetation map — Base year 2000

Figure 1 indicates that paddy fields are mosthated

*NL : National Land

From Table 1, Cambodia and Lao PDR are observed to
be the two countries of the region to be mainlyezed
by forest, i.e. about 60% of the total nationaldiawhile
Thailand and Vietnam dedicate 15-20% of their matio
land for rice cultivation.

Assessment of biomass burning activities using Hite
data

Biomass burning activity was assessed using remote
sensing data. This method provides an overview of
geographic positions and temporal changes of biemas
burning areas. The satellite data used in thisysaré

fire hotspots retrieved from satellite launched emthe
Asia-Pacific Network for Disaster Mitigation Using
Earth Observation Satellite (ANDES) research progra
The DMSP-OLS sensor enables to detect areas where a
temperature higher than a threshold, qualified as
reference temperature of an open burning (>T50 is
observed and named as hotspots. The resolutioheof t
detection instrument is 2.7 km x 2.7 km, which is
considered as a coarse resolution for satelliteatien;
however it is sufficiently fine for geographically
indicating the position of biomass burning areaj &or
calculation of the associated emissions. Basedhin t
resolution, the size of a hotspot is assumed tedorl to

2.7 km x 2.7 km. The ANDES hotspots data were
available daily from 1998-2004. The base year of
hotspots’ data collection for this study was therye
2002, since for this year no major interruptiorsafellite

in the central part of Cambodia, in the central andgaia collection was noticed; hotspots had beerecte

northeastern part of Thailand, and in the northeart
along the border with China and in the southernt pfr
Vietnam. In the case of Lao PDR, the main vegatatio
the country is forest, and lands dedicated to peatdy
still limited and spread throughout the country. A
summary of land surface of each type of vegetaison
reported in Table 1.

170

for the whole year enabling to document the tempora
changes of open burning activity in the region.

The daily data were first processed into monthliada
of fire hotspots in the form of a GIS map, in order
investigate the seasonal variability over a yean A
example of monthly hotspots map is given in Fig@re
Each hotspot was classified according to the véigeta
in which it occurred, by overlaying the monthly siobts
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map to the vegetation coverage map, in order to

qualitatively and quantitatively assesses the tygfe
biomass subjected to open burning.

M=AxBxa (2)

where, M is the amount of biomass burned per year,
(kglyear), A is the area of forest burned per yearper
year), B is the above ground biomass density (Rg/m
anda is the fraction of above ground biomass burned.

Agricultural crop

In the case of crop residues burning, the amount of
biomass burned is determined using a modified @ersi
of the equation given in the IPCC revised guidaline
(1996) and also used in works of Hao and Liu (1994)
Streets et al. (2003) as follows.

M=PxDxBxFxa 3)

where, M is the total mass of crop residue burnefteid
(kglyear), P is the crop production (kgf.year), D is the
crop specific residue to product ratio, B is thg dratter
fraction (or biomass load if P is expressed in gfit
surface instead of unit of mass), F is the perggntat
dry matter residues burned in field, amds the burning
efficiency.

The data used in this study and their sources fuoth
forest fires and rice residues burning, are reploite
Table 2.

Table 2. Estimates of tropical forest biomass and op
residues burned in Asia

Fig.2. An example of monthly hotspots map - 2002

In order to systematically geo-reference the pmsitof
the hotspots, a grid map with a resolution of 12)kd?

km was developed.

Biomass load range Burning efficienc
(kg/n) J Y
'II:'roplcaI 107 0.2
orest
. Dry
Residue- Dry matten matter | Burning
Crops to-crop : o
. fraction | burned | efficiency
ratio S
in field
Rice 1.76 0.858"" | 2506 | 89%

Estimation of air pollutants emission from biomass
open burning — Calculation method

The emissions of air pollutants from biomass open
burning on a yearly basis can be estimated usieg th
equations, initially developed by Seiler and Crat£8],
based on the basic chemical reaction of combustion
which represents the relationship between the
combustion process and its emission as follows.

E,= M xEF, (1)

where, E is the emission of the pollutant x (g/year), M is
the mass of dry matter burned (kg dm/year), andtb¢
emission factor of the pollutant x (g/kg dm burned)

From Equation 1, it is evident that before estimgti
the emission, M and EBhould be first quantified.

a) Estimation of dry matter biomass burned:

Forest

In order to estimate the amount of biomass burreed p
year as a result of forest fires the following gahe
equation is used:

3PPC (1996) [4] ; PLevine (2000)[5] ; *Koopmans and
Koppejan (1997)[6] , Hao and Liu (1994)[7]; *Sreets et al.,
(2003)[8]; 'OEPP, Thailand (1990)[9]

b) Estimation of emission factors of air pollutants of

interest

A comprehensive study by Andreae and Merlet (2001)
provides emission factors for various types of Aem
burning including tropical forest and crop residu€be
emission factors reported by Andreae and Merlef [10
come from an updated review of practically all esh
works performed over the last 30 years on emission
factors measurements worldwide. The emission factor
of air pollutants of interest are reported in TaBleFor
Total Particulate Matter (TPM) or aerosols, the ssioin
factors used are from Levine (2000), since theyehav
been obtained from experiments representative of
burning conditions occurred in Asia (Table 3).

In order to systematically assess the open burning
emissions of a given pollutant, a grid map with a
resolution of 12 km x 12 km, identical to the meged

171



S Garivait, S Bonnet and O. Kamnoed / GMSARN International Journal 2 (2008) 169 - 174

for evaluating open burning activities, was set by for the year 2002. For RPR, the calculations were
incorporating the equations and data required ltutze conducted using two values: (1) the value of 1.757
air pollutant emissions, as inputs into the GlSabdase.  reported by Koopmans and Koppejan [6], and (2) the
Monthly emission maps were prepared for each of thevalue of 0.750 obtained based on field survey iis th

pollutants considered in this research study. study. The difference observed between the twoegaisi
due to the quantity of stubbles left in the field.
Table 3. Emission Factors of air pollutants of inteest Regarding the corresponding energy release, this
- ; L represents the energy content of the residues,wasd
Tropical Forest‘ Crop residues . . . .
Compounds estimated using the following equation.
Emission Factors (g/kd)
E = MXCV 4)
CO, 1580 + 90 1515 + 177
where, E is the energy of the total crop residueraf
co 104 + 20 92 +84 harvest (PJ), Msis the total mass of crop residue after
CH, 6.8+2.0 2.7 harvest (Mt), CV is the calorific value of the mhse
N,O 0.20 0.07 considered (MJ/kg).
NOx 16+07 55+10 Straw and stubbles have the same CV value of 14.00
_ MJ/kg [11].
TPM 20° 10
aAndrea and Merlet (2001)[10]; Levine (2000) 3. RESULTS AND DISCUSSION

Biomass open burning activities

Estimation of amount of straw and stubbles consumed The biomass open burning activities observed by
and corresponding energy released by open burning ~ ANDES satellite for Thailand, Cambodia, Lao PDR and

Stubble corresponds to the lower part of the plent to ~ Vietnam, are reported in Figure 3, for both fireunts
the root, which generally stays on the ground after@nd burned areas. This latter is converted frora fir
harvest. Straw constitutes the part coming withgten counts based on a satellite sensor resolution7oki x
during harvesting. Based on field surveys in Thnalla 2.7 km. . o

and Cambodia, it is to underline that in the pasgw Results from Figure 2 indicate that the peak season
was moved out of the fields to be used as anindddo, ~ forest fires in Thailand, Cambodia, Lao PDR, and
and stubbles served as additional fodder for caiti¢  Vietham runs from January to April. Indeed, forgsts
buffalo labors as well as supplement organic matdre are _S|gn|f|cantly detected from_ October_ onward, i.e
incorporated back into the soil during land prepara  Starting month of the dry season in the region. _
for the new plantation. At present, with intensifion of Regarding paddy field burnings, the peak season is
rice farming, animal labors are replaced by machine |0 observed during the January-April period in
and straw and stubbles are being more extensivelyl Nailand, Lao PDR and Cambodia, while Vietnam
burned in the field, especially in the region wherter ~ displays a different pattern with frequent burning
resources are sufficient to enable the plantatién o Occurring throughout the year. Also with regardstte
secondary rice. In addition, the length of strawd an INtensity of paddy field burning, Thailand and Viamn
stubbles varies greatly with species and harvesting®'® far ahead. The particular seasonal patterradéiyp
methods. A paddy field harvested mechanically leame ~ f1€ld burning observed for Vietnam seems to confam
the field stubbles of 20-30 cm height, while when agro-intensification of rice producu_o_n in this (_m[y.
manually collected leaves stubbles of over 50 cightie ~_ 1he frequency of fires, quantified by fire counts,
Also, long-lived (about 180 days) species planted i |nd|c_ates that forest is rr_1uch more affected by open
some parts of northeastern region of Thailand mayPUming than paddy fields, although there are
provide straw of 1.5-2.0 m in length, while shaveb uncertainties in these estimations, notably indage of
species (90-120 days) would have a length of leaa t satellite detection of rice residues open burning.

1.2m. Monthly emission maps

The amount of straw and stubbles consumed by open L .
burning can be estimated using the residues-totatod An example of monthly emission maps of TPM during

ratio (RPR) or D in the calculation of emissionirastes the peak period (January-April 2002) is reported in
based on the following equation Figure 4, in order to investigate the spatial distion of

biomass burning during the high season of biomass
Mres= AXP X RPR ¢ (4) burning.
where, Mg is the total mass of considered crop residue From Figure 4, it is observed that paddy fieldsrope

after harvest (Mt), A is the cultivated area (MHa)s the ~ PUrMing occurs in Thailand in the central and ie th
crop production (tha), RPRs the specific considered Northeaster regions of the country, especialljainuary
residue-to-product ratio. and February. In Cambodia, burning is also intense

In this study, A and P are collected from Food and during these two months and is located in the eepart
Agriculture Organization (FAO) statistics (FAOSTAT) around the Mekong delta. In the case of Lao PDR, as
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paddy fields and forest coexist, and the rice alibn
land is very limited, the burning is observed toesg
throughout the country with very low intensity or
frequency. Finally for Vietham, only rice fields the
south along the border with Cambodia are affected b
burning and are characterized by a similar intgnsit
throughout the four months studied, confirming a
possible intensification of rice farming in thigjen.
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GWh in order to investigate their order of magn&ud
relative to electricity demand in each country.

Fig.4. Monthly emission maps of TPM in GMS during
January-April 2002.

= = ,.‘ Table 4. Amount of straw and stubbles and correspating
/‘/ f energy content, RPR = 1.757
i -
« iE”\\ - Paddy Amoc;unt Energy | Energy
iy N Country | lands residues content| content
el O AL (Mha) PJ) (GWh)
(Mt)
Fig.3. Fire counts (counts, in line graph) and burad area -
(ha, in bar graph) in Thailand, Cambodia, Vietham and Cambodia 170 °.724 80 22,260
Lao PDR in 2002 for a) forest, and b) paddy fields. Laos 0.26 1.410 20 5,482
I g
In addition, the January to February period Thalland 10.58 48.499 679 188,607
corresponds to a dry wintery season for the regimm, Vietnam 4.86 | 39.197 549 152,43p

so to the period where high pressure and cold agses
from China covers the North and Northeast of Timal)a
the north of Cambodia, Lao PDR, and the north of

energy content, RPR = 0.750

Table 5. Amount of straw and stubbles and correspating

Vietham. This contributes to a poor dispersion of
pollutants emitted from different sources in the
atmosphere, and so to an increase in their ambient
concentrations including the level of particulatattar,

which can exceed the national standards. On ther oth

hand, the dry weather conditions favor a fast pgagan

of the fires. Therefore, it is recommended to aaintr
paddy fields open burning from January to March, in

particular in Thailand and Vietnam, the top two cies

in rice cultivation of the region.

Paddy |Amount of| Energy | Energy
Country | lands | residues| content| content
(Mha) (Mt) (PJ) | (GWh)
Cambodig 1.70 1.437 34 9,502
Laos 0.26 2.314 8 2,340
Thailand 10.58 1.957 290 80,509
Vietnam 4.86 3.443 234 65,068

Amount of straw and stubbles consumed and
corresponding energy released by open burning

reported in Table 4 and 5. They are also displaped

Results reported in Table 4 and 5 represent agttre
gross amount and energy availability of straw and
Results obtained for the 4 countries in the GMS alestubbles. The use of 2 values of RPR enables taefra

the range of this gross availability. It resultednfi our
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field survey that the value of 0.750 correspondshi
part of the residues able to be moved out fronfithds,
and so available for different utilization, while757

represents the whole residue cut few centimeteoseab
the ground. The net amount available for energy

production will depend on two other main factorthes
utilization and biomass to energy conversion tetmo
in use.

Other significant factors influencing the net

availability are the cultivation practices and theel of

difficulty to collect, string the straw and stubble

together, and move them out of the fields. It stdog
noted that the size of paddy fields in the 4 cdestof

the region studied, is quite small, less than 1lirha

general, compared to the size reported in EuropgSa#,

and consequently quite difficultly to access by a 4]

commercialized tractor. Moreover, the plantatioil &o
relatively soft, and so the load of a heavy dugctor

would compact the soil, resulting in a hard plowing

during the land preparation phase.

4. CONCLUSIONS AND PERSPECTIVES

The emission maps developed in this research wavk h
allowed to easily monitoring seasonal changes @&nop

burning, and the GIS database to identify the tgpe

vegetation that is being burned. These developments
have enabled to investigate the spatial and terhpora

distribution of paddy fields open burning in the GNbr
the year 2002.

The results obtained in this study show that Thalila
and Vietnam are the two countries, where paddy fiel

open burning occurs most frequently. The peak pesio
this type of burning runs from January to April,thvi

January and February as the climax period. As thisl 7]

period corresponds to the time when forest firesthe
most intense and atmospheric stability is the ratadile,

i.e. difficult dispersion of air pollutants, it is

recommended to control more stringently agricultura
open burning to reduce impacts on air quality and
therefore support the ASEAN Agreement on

Transboundary Haze.

The quantification of gross amount of rice stravd an [°]
stubbles consumed and corresponding energy relégsed
open burning was helpful in estimating the energy
amount that could be recovered from the waste tBgma

However, further investigations, especially on updp

the RPR values, and on the material flow of strad a
stubbles after harvest via field survey in the GMS

countries, are needed in order to support the ftatiom
of national action plan of promoting the use ofex@able

energy resources, and of reducing agricultural open

burning.
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