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ABSTRAK

Kebakaran gombut mervpakan masaloh serivs yang menimbulkan pemasalahan
lingkungan di kawasan Asia Tenggara dolam lima fahun terakhir. Masoiah kabut
asap yang banyak menimbulkan kerugian merupokan dampok yang nyata dar
kebakaran gambut. Untuk melihat sejauh mana kontribusi kebakaran gambut
terhadap emisi gas rumoh kaca, sebuch peneiifian dilakukan di Desa Kuala Dua,
Kotamadya Ponfianak, Kalimanton Barat. Penelitian ini bertujuan untuk mengkaii 1)
perilaku kebakaran gombut, 2) emisi gas romah kaca dar kebakaran gombut pada
berbagai kadar air gambut, 3) hubungan antara kadar air gambut dengan laju
pembakaran.  Penelifion dilakukan dengan uji pembokaron baik dalom skala
laboratorium maupun kapangon dan analisis gas rumah kaca, serta ji stotistik. Hasi
penelifian menunjukkan: 1) emisi gas rumoh kaca yang dorminan dani kebakaran
gambut adalah: CO2, CO dan NOx, 2) Kadar air gambut berpengaruh positif nyata
terhadop emisi gas umah koca, 3) Laju pembakaran bempengaruh negatit nyata
terhadap emisi gas rumah kaca, 4) Berdasarkan probabilifas penyalaan, kadar air
kritis gambut untuk terbakar adaloh 117.39 %.
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1. INTRODUCTION

Peatiand plays a very important role in maintaining environmentd balance. Peat
prevents flooding by absorbing heavy rainfall during wet season as behaving fke a
sponge. During dry season, peat releases the moisture back into the atmosphere
slowly. When the forest is cleared, the exposes peat will cry out cuickly ond catch fire
easlty. Once this happens, the fire smoulders deep in the earth for a long period. It is
nearty impossible 1o exfinguish.

Undoubtedly, the 1997/1998-fire episode in South East Asian region was worsened
by the occurence of peat fires. The transboundary haze pollution was mainly
contributed by some clusters of peat fires in Indonesia parficulody in Sumaira and
Kalimantan. The transboundary haze pollution was basically confributed by the
. particulate matter from peat fires which is the major pollutant in the haze. During the
thick haze episode in 1997, the Pollution Standard index (PSI} in Indonesia reached of
above 2000 which was categorized as hazardous. The highest pollution levels recorded
in Malaysia and Singapore were equivalent to a PSI of 900 and 226 respectively,

Moreover, the emission of carbon in the form of CO2 and CO as a result of
incomplete buming in smoldering process in peat fire has a great contribution to the
greenhouse gases emission. According to Ward {1990}, biomass buming contribute 88 %
of carbon dioxide emission. Carbon dioxide is not toxic, though, it causes a problem in
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which ‘blanket’ will confribute the greenhouse effect that warms the earth.  Besides,
other trace elements such as sulfur, nitfrogen oxides and methane also support to the
emission.

In confrast to the importance of peatiand and the dangerous impacts of peat
fire, there were few studies on peat fire conducted in the region. There are also
insufficient knowledge and technology on environmentally safe buming in peafiand
and on Greenhouse gases emission confributed by peat fire. A previous study
conducted in Peninsular Malaysia revealed several models for estimation of peat
moisture content by rainfall and water level and of peat combustion rate by moisture
content {Syaufina 2002}. Therefore, further study on the estimation of greenhouse gases
emission caused by peat fire need to be conducted in order to benefit on peatiand
management.

The objectives of the study are jo detemmine: 1) Peat fire behaviour,
2) Greenhouse gases emission of peat fire at various peat moisture content, and 3}
Relationship of peat moisture content and combustion rate. The expecied outcomes
of the study are: 1) Model of estimation of greenhouse gases emission at various
moisture content, 2) Threshold of peat combustibility, and 3] Recommendation for
peatlond management.

2. METHODOLOGY

The study was conducted in Kuala Dua Village, Sungai Raya sub-district,
Pontianak district, West Kalimantan province. 1t is the important location in confributing
smoke and haze problem in Kalimantan which is very close to Supadio Aiport. The field
study was conducted in two periods, namely: wet season in April 2003 and dry season
in Juty 2003.

3.1. Establishment of burning plots

Four buming plots sized 3 x 3 m? were established in the study area fo study fire
behaviour and gas emission. The plots located on the preparafion land for agriculture
belongs to a local farmer.
3.2. Measurement of fuel load

To know fuel potency and availability in each plot, fuel load was measured by
establishing t x 1 m2 plot size. Surface fuel which consist of shrubs were cut and surface
litter were taken. Both kind of fuels were then weighed to obtain fresh weight or fuel
lead in ton/ha.
3.3. Measurement of fire behaviour

Field buming test was conducted by using ring fire technique in each piot. Fire
behaviour was measured in term of: flame height, buming time, buming rate and
smoke condition.

3.4. Measurement of fire severity

. Fire severity was assessed by measuring soil temperature on the soil surface, 1 cm
depth and 5 cm depth,
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3.5. Peadt ignition test

Peat ignition test was conducted by using ignition box and bumer. About 18 peat
samples in various moisture content were bumed in the box individually. Buming rate
and percentage of bumed peat were measured and calculated. Greenhouse gases
emission from each sample of ignition test were also analysed.

3.6. Gas analyses

The origin of emission gas for the analyses purpose was from different phases of
combustion process, namely: smoldering, flaming and glowing. The gas was respired
using special apparatus and was fransfered  info bottle glasses which are ready for
analyses. The greenhouse gases which will be analysed including: CO, CQ., NO, SO,
CHs.

3.7. Stdiistical analyses

Estimation medel of greenhouse gases emission in various moisture content and
ignition probability were established by using SPSS and curve expert computer
softwares.

3. RESULTS AND DISCUSSION

3.1. Fueliypes

Vegetation dominated on the peatland in the study area were fem species
consist of 4 species, namely: Pakis Hutan (Stenochikaena palustris (Bum.f.)Bedd), Pakis
Lembiding ., Pakis Resam (Gleichenia macrophylia RB. Br. Var Vulcanica). Pakis Rawa
(Nephrolepis radicans (Burm.fJKuhn. These species grows specifically on the opened
peatland area (Sastrapraja and Afriastini 1985; Istomo 2002). So far, these species are
used by local people as vegetables and also as composting materials. However, the
use of the vegetation as compost has not been well socialized yet. From forest fire
point of view, these species are good fuels of which they can be easily bumed.

3.2. Fire behavior in ground cover vegetation burning in peatiand

Fire behaviour is simply defined as the manner in which a wildland fire develops:
how fuel ignite, flame development and fire spread {Perry 1990} and how «a fire reacts
to the variabkles of fuel, weather or climate and topography (Chandler et al. 1983) as
influencing factors.

Fuel condition varied with season. In wet season {April 2003) mean moisture
content was 135 % with fuel load ranged from 16 to 45 ton/ha. Whereas, in dry season
(July 2003}] mean moisture content was 29.6 % with fuel load ranged from 22 to 32
ton/ha.

Field buming test for ground cover vegetation in peatiand in the study area is
shown in Table 1. it indicates that environmental factors influence fire behaviour, i. e:
flame height, fire temperature, buming time, fire intensity, surface temperature and
buming peat temperature in 5 cm deep.
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Flame height ranged from 80 to 150 cm in wet season and from 200 to 250 cm in
dry season. Buming increased fuel temperature of 35 — 400 oC in wet season and of 50 —
472 »C in dry season. Moreover, fire intensity also varied with season. I ranged from 61
to 658 kW/m and from 273 to 1586 kW/m in wet and dry season respectively. It is
influenced by flame height in which flame height in dry season was higher than that of
in wet season,

No doubt, ground vegetation is strongly invoived with all fire behaviour. Ground
vegetation of fems in the study area is classified as grassland ecosystem of which the
vegelation types is influenced strongly by climate condition. Since this ecosystem is
dominated by small sized foliage, it responses quickly fo the changing of weather
condition (Schroeder and Buck 1970). Moreover, it is explained that if moisture content
of this type of vegetation drop to 30 or 40 %, it can be easily buming. Therefore, the
vegetation has higher flammmability in dry season when compared fo that of in wet
season. The study shows that lowering of fuel moisture in dry season may lead to the
decreasing of buming fime. the increasing of flame height, fire intensity and buming
temperature. However, based on ash color and temperature in the soil, fire severity in
the bumed area is classified as low.

3.3. Ignition probability

Peat fire is dominated by smoldering process which is siow in spread. The ignition
test for 18 peat samples in the laboratory scale indicated that 100 % of the peat
samples bumed completely. Peat moisture content ranged from 0 to 117.39 %. The
highest peat moisture content that can bum was 117.39 % (Figure 1). It means that
117.39 % is the crifical moisture content for the peat which is close to the value found by
Frandsen {1997} of 110 %. Peat ignition probabililty is influenced by several factors,
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the bumer was not able o evaporate dil the water and volatile material contents that
leads to the decreasing of peat heat conductivity and heat transfer will siop.

Buming process in peat is strongly invotved with the ability of heat transfer which is
influenced by soil humidity, physical and chemical peat properties (deBano et al. 1998).
Soil humidity is affected by soil moisture in which the higher the soill moisture the lower
the ignition probability. Physical and chemical soil properties inciude organic content,
bulk density, soil bedrock material, porosity, moisture confent, soil temperature, and
hydraviic conductivity [Frondsen 1997). Moreover, these soil properties may influence
oxygen supply and soil heat conductivity {deBano et al. 1998} which influence on heat
penetration and ignition continuity.,

3.5. Greenhouse gases emission
3.5.1. Greenhouse gases emission from ground vegetation burning

This study revedled that greenhouse gases emission conceniration vares with
combustion phase. Dominant greenhouse gases produced by the combustion process
were CO2, CO and NOx. Among the three greenhouse gases measured in this study,
NOx concentration is the highest (Figure 3). This is relevant with the research of Luberst
et al. (1991) in Levine [1994) that NOx concentratfion tend to be higher than CO:
concentration. Moreover. there is a frend of decreasing in greenhouse gases emission
from flaming to smoldering or glowing phases [Figure 3). Obviously, gas emission in
flaming phase is higher than that of on other combustion phases.

Since flaming phase is a complete buming process, the highest concentrafion of CO»
and NOx produced in flaming phase (Table 3). Maximum temperature reached in the
field buming test was above 600°C in all plots that may contribute to the complete
buming. Tsai (2000} explained that complete buming resulted in heat reaction above
900° K [627°C) to 950K (657°C). whereas at temperature beiow 850¢K (557°C) the
reaction will produce more carbon menoxide and lower COz. Moreover, Levine {1994}
describe that flaming phase produce higher CO2 and NOx than that of smoldering
phase. However, dll the phases occur in simultaneously process. It may difficult to
separate each phases strictly, Hence, it is necessary to have further study and observe
more intense phenomenon on each phase. DeBano et al. {1998) indicated that
Nitrogen in fuel will breck down at 200eC into gas form. This may explain the high
production of NOxin the ground vegetation buming in peatiand.

Comparison  of detfal greenhouse gases emission is  shown in
Table 4. Qrgenhouse gases emission from peat ignition test are
Table 5. Statistically, gas emission increases with moisture content. The trend is shown in

Figure 4. All regre'ssion models show a trend of positive correlation between
greenhouse gases emission and moisture content.[X} Regression model for COn{Y1),
CO (Y2) and NOx {Y3} respectively are as follows:

shown in

Y1 = 46534.1 +344. )3 X

} + 554,804 X and
=87055.1 + 563.301 X

Furthermore, all the models have coeffi
which means that the models can explain th

well. Differences of gas emission between
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constant or even decreased in smoldering phase. Ohlemitier {2003) explained that the
increasing of oxygen supply may lead to the fransition from smoldering to flaming
causing the acceleration in pyrolysis process. Moreover, the increasing of temperature
around buming process may have similar effect. Besides, the increasing of buming
temperature influence gas emission in buming process.

The study shows that peat fire is dominated by smoldering process with
temperature maybe started at 300-500°C {deBano et al. 1998). Itis known that flaming
phase is dominated by CO. emission of 63 %, whereas smoldeting phase produce
about 37 % COz {lubert et al. 1991) in Levine (1994). Therefore, it is clear that
smoldering phase also contibute to the high COz.  The study observed that
temperature increased during the ignition test until the end of the test. The result is
supported by Babrauskas and Krasny {1997) in Ohlemiller {2003) that there was a
transition from smoldering to floming when buming time reached 22-306 minutes.

4. CONCLUSIONS
1. Dominant greenhouse gases emission detected from peat fire were CO., CQ, and
NOx

2. Buming rate affected greenhouse gases emission significantly in which the
increasing of buming rate leads to the decreasing of greenhouse gases emission

3. Peat moisture content affected greenhouse gases emission significantly in which
the higher the meisture content the higher the greenhouse emission

4. Severdl linear regresion models between moisture content of peat and greenhouse
gases emission have been developed in this study

5. Based on the ignition probability, the critical moisture content of the peatis 117.39 %

ACKNOWLEDGEMENTS

The authors express their sincere gratitude to the Environmental Research Center, Bogor
Agricultural University for its support and encouragement, the Osaka Gas Foundation of
Intemational Cultural Exchange Research Grant Fiscal Year 2002/2003 for its financial
support, and Nana $. S. for his help in the study.

REFERENCES
Andriesse, J. P. 1988. Nature and Management of Tropical peat Soils. Food and
Agricutture Organization od the United Nation. Rome. 165 pp.

Artsybashev, E. S. 1983. Forest fires and Their Control. K. Badaya frans., V. Pandit ed.,
Oxonian Press Pvt., New. Delhi, India. 160 pp.

Chandler, C., P. Cheney, P. Thomas, L. Trabaud, D. Wiliams. 1983a. fire in Forestry
vol. 1. John Wiley and Sons. Canada. 450 pp.

DeBano, L. F., D. G. Neary and P. F. Fpolliot. 1998. Fire'sEffects on Ecosystems. John
Wiley and Sons. Inc. New York. 333pp.

Frandsen, W. H. 1991b. Heat evolved from smoldering peat. Int. J. Wildland Fire | (3):
197-204.

Environment Reseach Center [PPLH-IPB) | Working Paper No. 04 6



The Estimation of Gresnhouse Gases Emission of Fea? Fre
Laitan Svaufing

Levine, J. S. 1994. Biomass Burning and the Production of the Greenhouse Gases.
http://asd-www larc.nasa.gov/biomass bum/bimass.html . [3 May 2003].

Levine, J. 5. 1999. Gaseous and partficulate emissions released to the atmosphere from

vegetation fires. Hedlth Guidelines for Vegetation Fire Events, Lima. Peru, -9
Cctober 1999. WHO.

Ohlemiller, T.J. 2003. Smoldering Combustion.
http://fire.nist.govbfdpubs /bd02/f0273.html. [2 Agustus 2003).

Syaufina, L. 2002, The effects of climatic variations on peat swamp forest condition
and peat combustibility. Doctoral Thesis of Facully of Forestry Universiti Putra
Malaysia. Malaysia. 258 pp.

Ward, D. E. 1990. Factors influencing the emissions of gases and particulate matter
from biomass buming. In. J. G. Goldammer ed., fire in the Tropical Biota.
Ecosystem Processes and Global Challenges Ecological Studies 84. Springer-
Verlag. Berlin. Germany. pp. 418-4364.

Environment Reseach Cenfer [PPLH-IPB} | Working Paper No. 04 7



The Estimation of Greenhouse Gases Emission of Pect Fire

Lailan Syaufina

Table 1, Fire behavieur and the influencing environmental factors

Wet Season Dry Season
Parometer
Plot 1 Plot 2 Plot 3 Plot 4 Plot 1 Plot 2 Plot 3
Weather condition
- Temperature {oC} a3 41.3 32 40 ¥ 37 37
- Relative humidity (%) 50 50 48 49 52 55 55
- Wind speed (m/sec) 0,41 0.9 1,07 1.07 0.¢ 1,07 1,07
- Wind direction -8 1-8 -8 -8 1-8 18 1-B
- Cloud condition clean cloudy cloudy | cloudy | clean | cloudy | cloudy
Fuel Characteristic
- Surface fuel icad (fon/ha) 14 42 44 45 2 24 32
- Surface fuet depth [cm) 10-30 10-30 10-30 10-30 37.75 36.75 37
- Ground cover moisture
% 13 134 - - 2212 27.12 39.51
- Peat moisture %) 426,32 394,55 354.55 270.37 525 0964 859.97
Buming Time [(WiB}) 14.00 10.0G 11,20 13.00 12.15 13.05 13.37
Fire behavior
- Maximum flame height
[m} 0.51.0 0.5-0.8 0.751.0 1.0-15 1.0-20 1.0-2.25 1.0-2.25
- Hame temperature [°C)
Maximum temperaiure 380 350 395 400 649 843 843
50.0-
Ground femperature as 403 0.3 59 1830 | 50.0472 | 50.0-308
5 cm below ground - - - - 37.0 50.0 43.0
10 cm below ground - - - - 30.0 35.0 36.2
- Fire severity fow low low low low low low
- Duration {minute) 6.30' 456 720 225 515 8.25' 6.35'
- Buming percentage (%) 76 76 20 100 25 100 100
- Fire Intensity (kW/m) 61-273 61-168 1469-273 | 273-658 | 273-1229 | 2731584 | 2731587
- Ash color Black- Black- Black- Black- Black- Black-
white Biack-white white white white white white

Table 2. Buming rate at various peat moisture content

No crn:‘es:ﬂu};%) Burning rcrte {gr/min)
1. .00 0.94
2. 2.04 0.92
3. 3.09 1.0%
4, 417 1.09
5. 8.70 0.84
6. 8.70 0.89
7. 12.36 0.921
8. 26.58 0.71
2. 44.93 0.51
10. 51.52 0.80
11. 56.25 0.72
12. 66.67 0.468
13. 85.19 0.60
14. 88.68 0.50
15. 92.31 0.41
16. 26.08 0.47
17. 100.00 0.52
18. 117.39 0.33
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Tabie 3. Greenhouse gases emission at various combustion phases

Combustion Greenhouse gases emission {ppm)
phase CO2 Co NO. Total
Flaming 68.403 100.990 126.932 296.325
Smoldering 59943 113.3346 113.336 257.327
Glowing 62.435 118.229 118.229 268.718
Total 190.781 273.093 358.497 822371

Table 4. Comparison between greenhouse gases percentage at various combustion
phases from this study and the study of Lubert, et.al. (1991} in Levine {1994)

Greenhouse Gas percentage forming during combustion
gases process
Flaming Smoldering
CO2 53.30 43 46.70 37
cO 54,58 14 45,42 84
L NOx 52.86 66 477 34

Table 5. Greenhouse gases emission from peat ignition

Molsture Greenhouse gases (ppm)
No content
(%) CO2 co NOx Total
1 2,04 49.578.71 67.369.60 | 90.013,26 | 206.961,57
2 25,00 48.739.09 | 65.909.91 88.430,42 | 203.079.42
3 44.93 591.157.6 | 78.401.59 | 110.366.42 | 247.925,61
4 51,52 60.670,24 | 88.054,05 | 113.395.06 | 262.119.36
5 56,25 70.755,56 | 91.599.60 [ 121.481.51 | 383.836.67
6 66,67 84.369.25 122.920.7 | 146.622,16 | 353.912,11
7 88,68 81.680.49 100.661.8 | 133.436.43 | 315.778.75
8 92,31 83.527.98 125.088,1 | 142.929,70 | 351.545,80
9 96,08 76.637.83 | 112.865.9 | 142.929,70 | 332.433,53
10 100,00 81.175.73 115.631,9 | 141.700.14 | 338.507.81
| 11 117.39 66.973.98 | 96.623.50 | 119.899.93 | 283.497,40
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