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Abstract: Peat fires cause large amounts of greenhouse gas emissions, posing significant
environmental challenges related to smoke pollution, health hazards, and ecological impacts. Water
alone is inefficient for extinguishing peat fires as it struggles to penetrate the soil. Therefore,
firefighting agents with high penetration capabilities are added to improve effectiveness.
Experiments were conducted in Palangka Raya, Indonesia, to evaluate an environmentally friendly
soap-based firefighting agent against peat fires. A 1.5 m x 1.5 m peat area was burned for 24 h to
simulate a peat fire, and either groundwater or a 1 vol.% soap-based firefighting agent solution was
used for firefighting. Under the former measure, the water required to extinguish the fire was 16.0
and 23.9 L/m? while under the latter it was reduced to 3.8 and 7.4 L/m? with the soap-based solution.
The time to extinguish the fire was also reduced to approximately one-third under the application of
the soap-based solution compared to that required when using water alone. The soap-based
firefighting agent proved more effective against peat fires in Indonesia than water alone, reducing
both the amount of spray and the time required for spraying. This agent is expected to assist in
efficiently managing peat fires, which have become more severe in recent years.

Keywords: Soap-based firefighting agent; Peat fire; High permeability; Heat removal

1. Introduction

Peat soils form through the accumulation of partially decomposed organic matter under flooded,
anoxic conditions [1]. Globally, peatlands cover only 4.23 million km? (about 2.84% of the world’s
land area) [2], yet they contain one-third of all soil carbon [3]. Once ignited, smoldering peat fires can
burn for months or even years. Greenhouse gas emissions from peat fires are estimated to account
for approximately 15% of anthropogenic emissions [4]. Indonesia, with its vast peat soils, may see
more active fires in the future due to the intensification of droughts and decreasing annual
precipitation [5]. The largest recent fire in Indonesia, in 2015, burned approximately 4.6 Mha,
releasing 0.89 Gt of carbon dioxide equivalent [6] and causing economic losses for US$28 billion [7].
Peat fires result in smoke pollution, health hazards, economic damage, and ecological impacts that
affect also neighboring countries [8].

Water is the most common means of extinguishing fires. However, it is less efficient at wetting
and penetrating hydrophobic surfaces during the extinction of peat fires [9]. Adding surfactants to
water enhances the extinguishing performance by lowering the water’s surface tension and
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significantly increasing its ability to penetrate burning materials [10, 11]. However, the extensive use
of synthetic surfactants raises environmental toxicity concerns [12]; therefore, firefighting agents that
incorporate soap as a surfactant have been developed to mitigate the environmental impact [10, 13].

Subekti et al. reported that the application of a firefighting agent composed of water, sodium
laurate, and potassium palmitate on peat that had been burning for 3 to 4 h in a 0.1-m square box
reduced the amount of time and water required to extinguish the fire compared to the use of water
alone [14]. Kanyama et al. investigated the effectiveness of soap-based firefighting agents by burning
peat soil in a 1.5 m x 1.5 m plot (0.3 m deep) for 4 h [15]. However, in both studies, the results may
not have been evaluated against properly replicated peat fires. The reason is feature that peat fires
burn for long periods of time and spread over a wide area. Although Ramadhan et al. [16] and Dianti
et al. [17] observed peat soils burned for approximately 20 h, no evaluation of firefighting agents for
peat fires reproduced by burning peat soils for extended long-lasting time has been conducted in
previous studies.

In this study, a long-lasting peat fire was reproduced by setting the combustion time to 24 h and
extinguished by spraying either water or a 1 vol.% soap-based firefighting agent solution (SFAS).
Then, the amount of water and time required for extinguishing the fire under the two applied
measures were investigated. The efficiency of SFAS in extinguishing the fire was also investigated,
since the use of firefighting agents may reduce the amount of water and time required. The cost-
effectiveness of using SFAS was estimated, taking into account the labor and other costs required for
firefighting activities. We also evaluated the efficacy of the soap-based firefighting agents on peat
soils from two different regions.

2. Materials and Methods
2.1. Preparation of the Soap-Based Firefighting Agent

The soap-based agent used in this study consisted of two main components, i.e., potassium
laureate and potassium oleate, which were prepared using lauric acid (Cognis Oleochemicals Co.,
Ltd., Malaysia) and oleic acid (Miyoshi Oil & Fat Co., Ltd., Japan). Sodium salt of aspartic acid
diacetate (ASDA) served as the chelating agent, while water, propylene glycol (PG), and methyl
pentanediol (MPD) were used as diluents.

Purified water was mixed with 18.3wt.% ASDA under stirring at 50°C, followed by the
sequential addition of 12.5wt.% PG, 5.3wt.% MPD, 3.4wt.% potassium hydroxide (48wt.%), 5.7wt.%
lauric acid, and 7.0wt.% oleic acid to adjust the pH to 10.2.

2.2. Study Area

Firefighting experiments were conducted at two sites in Palangka Raya City, Central
Kalimantan, Indonesia: the JR site, located in the proximity of the University of Palangka Raya, Jekan
Raya Sub-District (2°13'23.2”S, 113°52’56.0”E), and the KL site, located in the Kalampangan area of
Sabangau Sub-District (2°17'21.6”S, 114°01'58.4”E).

2.3. Moisture Content of the Peat Soils

Twenty-five peat soil blocks (0.3 m x 0.3 m x 0.3 m) were collected, packed into 1.5 m x 1.5 m
wooden frames, and dried to obtain peat boxes. Soil moisture was measured at 10 random locations
each peat box using a soil moisture meter (DM-18R, Takemura Electric Works. Ltd., Japan) and
averaged.

2.4. Water Analysis

The pH and total hardness of the water used in the experiments were measured using a pH
meter (LAQUAtwin, Horiba, Ltd., Japan) and a pack test (WAK-TH, Kyoritsu Chemical-Check Lab.,
Corp., Japan), respectively.

2.5. Soil Permeability Test
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For the permeability test, approximately 60 g of peat soil was collected in a glass Petri dish, and
approximately 200 pl of water or SFAS diluted to 1 vol.% with groundwater was dropped onto the
surface using a syringe. The time required for complete penetration of the droplets into the peat soil
was recorded.

2.6. Surface Tension Measurements

The surface tension of SFAS diluted to 1 vol.% with purified water and that of purified water
were measured using a surface tension meter (DY-500, Kyowa Interface Science Co., Ltd., Japan).

2.7. Firefighting Experiments

The firefighting experiments, which were based on the meso-scale experiments by Kanyama et
al., were conducted from September 15 to 23, 2023, using peat boxes. Six paraffinic igniters and 1.6
kg of dry Acacia wood were placed in the center of each peat box. The igniters were heated using a
gas burner for 1 min to ignite the wood. The combustion was allowed to continue for 24 h. The peat
soil surface temperature distribution was captured using a thermal imaging camera (E6xt, FLIR
Systems Inc., USA).

The firefighting activities began within 24 h after the burning had started and consisted in the
application of groundwater mixed with 1 vol.% SFAS or just groundwater. SFAS was diluted with
groundwater at each experimental site. A backpack water tank (Jet Shooter EV, Ashimori Industry
Co., Ltd., Japan) was used for spraying both the SFAS and water until the peat surface temperature
dropped below 50°C. Additional firefighting was conducted if smoke was detected 24 h after the
initial efforts or if the surface temperature exceeded 50°C, as measured by the thermal imaging
camera. The water volume and time required for extinguishing the fire were recorded. The amount
of water sprayed per unit area was calculated based on the total water used and the burned area. The
burned area was determined by measuring it using an iron ruler and calculated by combining
squares, triangles, and other polygons.

3. Results and Discussion
Firefighting Performance

The average temperature and humidity during the experiment were 33.0°C and 69.7% at the JR
site and 32.0°C and 59.8% at the KL site, respectively. The water content of the peat soil surface in the
peat boxes at each site was 32.3% and 40.2%, respectively, and the pH and total hardness of the
groundwater were 5.0 and 10 ppm at the JR site and 5.3 and 10 ppm at the KL site, respectively.
Although soap typically loses its function due to variations in pH and hardness, our experiments
confirmed that it remained effective at a pH of around 5 and a total hardness of up to 100 ppm,
indicating no issues with its use in this context [15].

Figure 1 shows images of the ground surface temperatures at the KL site at various stages: the
start of burning, 12 h in, 24 h in, after additional extinguishing, and after complete extinguishing. As
shown in Fig. 1a—c, the combustion area expanded each hour. The white regions in Fig. 1 represent
temperatures exceeding 280°C, which is above the 275°C threshold at which peat begins to pyrolyze
[18], confirming the presence of a peat fire in this experiment. Additionally, the ground temperatures

measured using thermocouples showed that a 5-cm section of the ground reached approximately
275°C or higher.
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Figure 1. Thermal images at each stage of the process from start of burning to cmplete firefighting activities.

Although surface temperatures temporarily dropped below 50°C in all plots during firefighting
activities, two plots at the JR site and four plots at the KL site were sprayed again as surface
temperatures in them rose above 50°C over time. At the KL site, two water-treated plots initially had
surface temperatures below 50°C, but re-ignition occurred within 24 h, requiring additional
firefighting due to hot spots, as shown in Fig. 1, W1-(e) and W2-(e). In contrast, no re-ignition
occurred in the SFSA-treated plots at this site, so no further firefighting was needed. The water-
treated plots at the JR site required 17.8 L and 35.2 L, while the SFAS-treated plots required 2.1 L and
10.6 L. At the KL site, the water-treated plots required 9.2 L and 15.2 L, while the SFAS-treated plots
required 1.5 L and 5.7 L to extinguish the fire. The amount of water applied per unit area was
calculated from the amount of water used and the area burned in each box. As shown in Fig. 2, the
amount of water applied per unit area was 16.0 L/m? and 3.8 L/m? for the water-treated and SFAS-
treated plots at the JR site, respectively, and 23.9 L/m? and 7.4 L/m? for the water- and SFAS-treated
plots at the KL site, respectively.
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Figure 2. Quantity of water required to extinguish the fire.

At both the JR and KL sites, the amount of water required to extinguish the fires in the SFAS-
treated plots was about one-quarter of that needed for the water-treated plots. This difference was
likely due to SFAS’s high ability to penetrate peat soil. This agent contains a soap component, which
acts as a surfactant and has a surface tension of 31.2 mN/m, about half that of water (72.2 mN/m). The
time required for SFAS to penetrate into peat soil was approximately one-sixth of that required for
water at both sites, indicating that the agent penetrated about six times faster. The lower surface
tension allowed it to permeate the peat soil more effectively, cool, the subsurface temperatures by
reaching the combustion point, and have a cooling effect through evaporative heat. As previously
mentioned, the use of SFAS was shown to reduce the amount of water required to extinguish the peat
fires. The difference in the amount of water sprayed per unit area in the SFAS-treated plots was
attributed to the varying nature of the peat soils in this study. We speculate that the peat soil at the
JR site contained more tree roots, through which water could easily permeate.

Figure 3 shows the time needed to extinguish the fire. Overall, 29 and 11 min were required for
the water-treated and SFAS-treated plots at the JR site, respectively, while 21 and 8 min were required
for those at the KL site, respectively. More water was needed for the water-treated plots to their high
surface tension, which hindered penetration into the peat soil. Conversely, less water was used for
the SFAS-treated plots, and the fire was extinguished faster. The use of SFAS can reduce the
firefighting time, allowing to complete activities more rapidly and efficiently.
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Figure 3. Time required to extinguish the fire.

Water alone extinguishing of the 4 h combustion in the meso-scale of Kanyama et al. required
8.1 L/m? of water, while the 24 h combustion in this study required 23.9 L/m?. The reason for increased
water use may be that the 24 h combustion decreased heat propagation due to increased and ash
production and accumulation, making heat dissipation more difficult than 4 h combustion [19].
Consequently, the amount of water needed for cooling during extinguishing the fire may have
increased.
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In addition, the efficiency of the SFAS was examined. Considering that in Palangka Raya
firefighting activities against peat fires are conducted by a team of 20 to 30 people or less [20], a cost
comparison was made between activities using SFAS and those using water alone, as performed by
a 20-person team working 5 h per day at a labor cost of US$15.8 [21]. The cost of extinguishing a peat
fire using SFAS over an initial burning area of 0.1 ha was lower than that using water alone (the total
cost comprised only labor costs and the cost of the firefighting agent, and did not include the cost of
fuel or food associated and other costs with the firefighting activities). In addition, two advantages
associated with the use of SFAS were identified. Because in this study re-ignition was observed under
the treatment with water alone, this phenomenon can be expected in actual peat fires, meaning that
additional firefighting activities will be required the next day. Therefore, the first advantage is that
the cost for the extra day of work associated with the use of water alone during firefighting will be
avoided. Second, the use of water alone requires a larger amount of water compared with the
application of SFAS, and such volume would be difficult to access during the dry season. Therefore,
soap-based firefighting agents are considered as cost-effective option.

The use of SFAS shortens the time needed to extinguish fires, enhances firefighting efficiency,
and reduces the burden on firefighters, allowing them to operate more safely. Additionally, the ability
to quickly extinguish fires can reduce the time spent at a single site, enabling firefighters to manage
multiple fire locations. However, because the size of the peat fire reproduced in this study was small,
and its combustion dynamics may consequently differ from those of a full-scale real peat fire, it is
necessary to conduct further evaluations on a larger scale. Soap-based firefighting agents are believed
to be effective on all types of peat soils, including those found in Indonesia.

4. Conclusions

A peat fire was replicated to investigate the effectiveness of a SFAS. Peat soil was prepared in
1.5 x 1.5 m peat boxes and burned for 24 h, and the five was then extinguished using either water
alone or SFAS. The intervention to extinguish the fire using SFAS required approximately one-
quarter of the amount of water and one-third of the time that were needed when using water alone.
In addition, the water-treated plots at the KL site reignited the next day, necessitating further
firefighting, while no re-ignition was observed in the SFAS-treated plots. Therefore, soap-based
agents are more effective for extinguishing peat fires in Indonesia than water alone and hold promise
for assist in efficiently managing future occurrences, which have become increasingly severe in recent
years.
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