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ABSTRACT

The dense haze from forest and peat fires prior to 2014 in Indonesia responsible to serious air pollution
across Southeast Asia. The most fire-prone area in Indonesia is located in the Mega Rice Project
(MRP), one million hectares of peatlandTo propose an effective fire prevention strategy, this study
carried out in the north of MRP area in Central Kalimantan. The biomass fuel such as peat and
dominant vegetation were analyzed to elucidate the major composition, combustion and thermal
properties. Field observationofpeatfirewere also carried out tounderstandactualpeatfirecharacteristics
in-situ. The results clearly showed that peat have highest carbon organic, carbon stock, and calorific
value. The properties indicate peat layer is more flammable, and may be considered high-risk fuels
compare than various vegetation.

Keywords: biomass,combustion, fires, Mega Rice Project, peat.

ABSTRAK

Kabut asap tebal dari kebakaran hutan dan gambut sebelum tahun 2014 di Indonesia
bertanggungjawab terhadap polusi udara serius di Asia Tenggara. Daerah yang paling rawan
kebakaran adalah daerah proyek lahan gambut (PLG) sejuta hektar. Untuk mengusulkan strategis
pencegahan kebakaran yang efektif, maka penelitian ini dilaksanakan di bagian utara PLG di
Kalimantan  Tengah. Bahan bakar biomasa seperti gambut dan vegetasi dominan dianalisis untuk
menjelaskan komposisi utama,  sifat pengapian dan sifat termal. Pengamatan di kebakaran gambut
dilakukan untuk memahami karakteristik kebakaranan gambut yang aktual. Hasil penelitian
menunjukkan bahwa gambut memiliki kandungan karbon, cadangan karbon dan nilai kalor tertinggi.
Sifat-sifat tersebut mengindikasikan lapisan gambut adalah lebih mudah terbakar dan dapat dianggap
bahan bakar berisiko tinggi dibandingkan dari berbagai vegetasi.

Kata Kunci: biomas, pengapian, Kebakaran, Proyek Lahan Gambut, gambut

INTRODUCTION

In 1996/1997, more than one million
ha of peat swamp forest (hereafter PSF) of
Central Kalimantan has drained by drainage
channels for conversion to agricultural land
under the Mega Rice Project (hereafter MRP).
The effect was a lowering of ground water
levels (hereafter GWL), mainly in the following

dry season, that are a cause of severe wildfires.
The highest numbers of fires in MRP and its
vicinity area have been recorded in the years
2002, 2004, 2006,and 2009 (Yulianti and
Hayasaka, 2013).

Human caused mostly peat fire, but
weather conditions and the characteristics of
fuel are also closely related with fire spreading.
In the burning process, C is a major compound
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of the chemical reaction instead of oxygen. Peat
and vegetation behave similarly in fires(Sutcu,
2007; Jenkins et al., 1998), particularly when
there is little moisture they are highly
flammable.Indeed, study on peat fires is not
very active due to complicating factors like that
it involves combustion type or smoldering fires.

Thus, the objective of this study is to
elucidate the combustiblematerials and its
combustion properties that may serve as fuel in
fires on tropical peatland. Further, the report
evaluates the relationship of these factors with
peat fire severity by observation of actual fires
near Palangka Raya, Central Kalimantan,
Indonesia

METHODS

1.1 Study area
The study site was located in the

Block C of the ex-MRP area near Palangka
Raya, Central Kalimantan, Indonesia. It is in the
area from 2.2oto 2.4o S andfrom 113.95oto
114.2oo E (shown in Fig.1). This area had
severe and repeated fires in the last decade in
2002, 2004, 2006, and 2009 (Yulianti and
Hayasaka, 2013), emitting large amounts of
CO2, mainly burning peat from damaging
farmland and recovering secondary forest (Putra
et al., 2008).
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Figure1.North of Block C, Mega Rice Project
in Central Kalimantan

1.2 Sampling
Peat and vegetation sampling carried

out on several sites from Kalampangan Canal to
Tumbang Nusa Village. Itis in theareaofS 2.2o

to 2.4o and E 113.95o to 114.20o. Peat samples
were taken from peat layers at the depths of 0-
20 cm, 21-50 cm, and 51-80 cm. Depth is
considering the possibility of burning peat
thickness.  Peat sampling for bulk density was
sampled using the ring method. This study also
considers to collected samples of three
dominant ferns species because these species
occupied very fast of a few weeks after the
fires.

1.3 Analysis of peat and vegetation properties
Total concentration of carbon,

hydrogen, nitrogen, and sulfur in the peat and
ferns were analyzed using a CHNS/O analyzer
(PE2400 II; PerkinElmer Inc., USA). After the
samples were crushed or powdered by a ball
mill, they were burned at 975℃. After
combustion, SOx, NOx, and COx in the gases
were fixed by Copper (Cu) and converted to S,
N, and C form.

The calorific values were determined
by the Bomb calorimeter (IKA Calorimeter
C7000, IKA Works Inc., USA) using dried
samples, which wrapped in calorimeter tissue
paper. In all experiments the calorimeter was
filled with oxygen at 3.00 MPa, and
temperatures ranged from 18oC to 30oC. After
burning process, the samples placed in the
cooling system IKA C7002. Lastly, the mass
residue of sample weighed immediately after
the cooling process completed.

The thermal-balanced used in this
study is a combined Thermogravimetry and
Differential Thermal Analysis apparatus
(TG/DTA 6000 Series, SII Nano technology
Inc., Japan). Approximately four to nine
milligrams of powdered sample in an aluminum
tray were placed in a JASCO A 6300
Simultaneous Thermal Analyzer in the TG-
DTA. Samples were heated to 45oC - 570oC at a
constant rate of 10oC min-1 in the airflow of 200
ml min-1.
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1.4 Field observation
During fire events, the temperature

changes of surface peat fire were observed by
thermal video system (TVS 600, Nippon
Avionic Co., Ltd., Japan). Temperature was
recorded about three hour at one-minute
interval. The patterns of surface peat firewere
captured by infrared thermal imaging camera
(Therma shot F30, Nippon Avionic Co., Ltd.,
Japan). As a comparison, the temperature on the
outskirts of smoldering checked using Thermo
Recorder TR-81 (TashikaBoeki Shokai K.K.,
Japan).

Six-day daily temperature at the
burning peat layers measurement done by Usup
et al. (2004).  Measurement location is
Kalampangan area, which lies in the location of
the canal between Kahayan and Sebangau
River. The temperature was measured with a
chromel-alumelthermocouples 0.5 and a 6-
channel data logger (KADEC-US, KONA
system Co. Ltd, Japan).  Sensors positioned at 5
cm intervals, from the peat surface to a depth of
40 cm of peat burning.

RESULTS AND DISCUSSIONS

1. Carbon content and stock of peat
Measurement data in Table 1 were

taken from the study site of Taruna Jaya. Peat
sample plots located in two places with different
land cover, i.e. understory the trees, and the
ferns. Sampling was carried out at the plots
around six months after a severe fire in
2009.Table 1 shows that the carbon (C) content
of the peat mostly higher than 60%. These
values tended higher than 53-58% of previous
research for Central Kalimantan as reported in
Salampak (1999). In this study, the samples
were collected from abandoned burnt peatland
where large fires had occurred several times and
the peat here was more decomposed than in
undisturbed peatland areas. In this site, peat has
dark brown to black with fiber content less than
one-sixth of the total volume determined by
rubbing, and it was classified as Sapric.Maturity
level of peat decomposition indicated by bulk
density (BD) values in Table 1 and the
relationship had discussed in Yulianti (2009).

2. Biomass and carbon accumulation
offerns

Fern biomass on degraded peatlands is
shown in Table 2. Dominant vegetation on the
surface of the study area is
Stenochlaenapalutris, Pteridiumaquilinum, and
Osmudacinnamomeum. Total biomasses of the
three types of fern are calculated based on the
wet weight (fresh vegetation). Table 2 shows
that the highest biomass is the plot of
Stenochlaenapalutris, which reaches 22 kg/ha.
This could be explained by the conditions of the
study area is often flooded, especially during
the rainy season (+5 months). It is making a
suitable ecology for growth of
Stenochlaenapalutris than the others (mostly on
dried peatland). High density of this species on
former burning area had also discussed by Page
et al. (2009).

Three-selected vegetation showed the
C content about 44 to 48% of total volume but
lower than such peat like in Table 1.
Pteridiumaquilinumhas a higher percentage of
C, although the difference of three species of
fern is not significant (see Table 2). High C
content of Pteridiumaquilinumcompare to other
species probably indicates the potential
combustion is a bit high than these two of the
dominant vegetation. In addition, estimates of
rate of C accumulation and partitioning by ferns
at the different species are given in Table 2.
The total fern C biomass accumulated at the
study area was ranges from about 5,000 of
Pteridiumaquilinumto about 1,000 C kg/ha of
Stenochlaenapalutris. Dry ferns would become
a more dangerous fuel due to its lower water
content during the dry season. Thus, C biomass
of ferns could become an important driver of
whole-plant net carbon gain (positive feedback)
and also one of the main sources of carbon
emission on peatland (negative feedback).

3. Combustion propertiesof fuel materials
Calorific values

The calorific values were used to
determine the amount of heat released by the
combustion reaction. Samples from the Taruna
Jaya, Central Kalimantan were analyzed for the
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calorific values, and the peat at various depths
showed values of 22 to 26 kJg-1 (see Table 3).
The calorific value of the surface peat layer (0-
20 cm) is higher than that of the deeper layers
and the three of ferns. The differences may be
due to the properties of the basic components of
the peat or wood. It could be explained by
higher carbon content of peat than the other
materials as also discussed by Andriesse (1988)
and shown in Fig. 2. A strong positive
relationship (R2 = 95%) is found between
calorific value and carbon content for both fuel
materials. In addition, decreases in moisture of
samples can lead to increases in the calorific
values.

These calorific values for peat in
Table 3 tended higher than lignite (low grade
coal/brown coal) (Singh et al. 2009) and sub-
bituminous coals of Central Kalimantan (Belkin
et al. 2009). This indicates that the peat layer
can be very vulnerable to burning, especially in
the dry conditions (low moisture content).

Figure 2 shows the TG- and DTA-
temperatures showing the weight loss and the

temperature rise of the peat. These curves show
the peat characteristic such as ignition and
combustion temperatures. The DTA curves of
the peat samples did not show a clear
endothermic peak of water at around 100oC due
to the low water content. From around 250oC,
both weight loss and temperature increase. This
change could show the ignition temperature of
the peat volatile matter.

Combustion rates
The maximum combustion rate

described the peak of derivative thermogra-
vimetry (DTG-) curves. Table 3 shows the
highest combustion rate has reached3 mg/min
of peat at 0-50 cm, which can be converted to
0.2 g/hour. On the other hand, the three ferns
species have a similar rate to that surface peat,
suggesting both of material will be burn faster
than that peat layer at depths above 50 cm. The
differences of combustion rate are influenced by
physical properties each of material  as
discussed in Haykiri-Acma et al. (2000).

Table 1. Conditions of peat carbon at each layer in plot2ofTaruna Jaya

Site Depth (cm) C organic (%)a Bulk density (g/cm3)
C stock estimation

(kg/ha)

Understory trees
0-20 61.22 0.232 284,061

21-50 62.18 0.135 168,135
51-80 55.82 0.150 167,013

Understory ferns
0-20 62.63 0.197 247,013

21-50 63.19 0.230 291,180
51-80 60.99 0.210 256,158

Average 61.00 0.192 235,593
aSamples consistthe pieces of charcoal

Table 2. Fern biomass and its carbon stock

Stenochlaenapalutris Pteridiumaquilinum Osmudacinnamomeum

Biomass (kg/m2)* 2.13 1.00 1.58
C content (%) 45.08 47.62 44.15
C stock (kg/ha) 9,617 4,762 6,966

*Total weight at plot size
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Table 3. Calorific valuesand ignition temperatures at different depths of the peat and three kind of
common ferns

Peat Depth (cm)
Calorific

values
(kJg-1)

Ignition
temperature of
volatile matter

(oC)

Ignition char
temperature of

(oC)

Max rate
combustion
(mg/min)

Under trees 0-20 26.06 250 385 1.72

20-50 24.90 295 362 3.75

50-80 22.39 285 362 0.98

Under bushes 0-20 25.59 295 365 2.33

20-50 24.54 292 365 2.01

50-80 22.94 283 388 3.11

Average 24.40 283 371 2.32

Fernspecies

Stenochlaenapalutris 17.62 253 323 2.40

Pteridiumaquilinum 18.14 258 325 2.82

Osmudacinnamomea 16.29 259 299 2.52

Average 19.88 267 341 2.63
Ignition (combustion)temperatures

.

Figure 2. TG- and DTA-temperature curves of
the peat at 0-20 cm understory the trees

4.TemperatureCharacteristics of Peat Fire

Peat temperature in smoldering
To observe actual peat fire conditions,

we had used a thermal video system (TVS). The
apparent temperature profile of an actual peat
fire in the MRP area on September 15, 2004
was observed with TVS. The observations
showed that the temperatures in the peat fire
zone ranged from 100 to 500oC.

Based on field observations, the
temperature pattern of surface peat fires varies
considerably depending on environmental
conditions and peat itself. One example can be
seen in Figure 3 from one of study sites along
Trans Kalimantan Highway on 31 August,
2012. In the naked eye, there is not visible fire
(flame) and only releases smoke. Instead,
thermal camera captured (Therma Shot F30) in
Figure 3 shows the activity of combustion
(temperature varies).
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Figure 3. Surface peat fire conditionsin plot 3 of Tumbang Nusa. Imagescaptured byan ordinary
camera (left) and a thermal camera (right)

The observation in Figure 3 shows the
temperature at the center of the burning is only
about 350oC. This is because the fire activity in
this area had attempted to be extinguished by
firefighterwith water injection. The conditions
here tend to be wetter but the smoldering still
alive for a few weeks later during this study
surveyed.

Temperature of burning peat layer
Observation of temperature changes in

the peat layer had done during a fire period in
2002. Here, we show that the data in Figure 4
(detail can see in Usup et al., 2004). There
appear that the temperature on the surface peat
(0-10 cm) higher than the layer below (> 10
cm). Figure 4 also shows the peak temperature
of the peat surface first (22 August) occurs than
the bottom layer (23 August). This can be
explained by the availability of oxygen at the
surface is higher than in the lower layers. In
addition, the bottom layer of peat tended to be
more humid than the top layer. However, a
more detailed observation and long term should
be done to investigate the real causes.

Figure 4. Temperature variations in the peat
layer (0, 10, 20, 30, and 40 cm)in
plot 1 of Kalampangan on 2002
severe fires

CONCLUSIONS

1. Carbon content of the depth till 80cm
below the surface peat was about 60%
and average of carbon stock is 235,593
kg/ha, showing potency of abundance
biomass fuelfrompeat.

2. The highercalorificvalueofpeatis 25.82
kJ/g atdepthlessthan 20 cm. This
condition co incides to the decreas in gof
water content in thisdepth. It in dicates
peat on surface layer becomes very
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combustible and easily burning than
underground layer.

3. Peat has two exothermic peaks (upwards)
on DTA-curves, whichthe differential
temperature (ΔT) in the firstpeakis lower
than these condpeat. It means combustion
of peat is more vigorous in glowing stage.
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