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Abstract. Coconut and palm trees (palmyra palm) are an important part of the 

life of the Hindu community in Bali. On the other hand, the utilization process of 

both materials leaves waste that has not been optimally processed. Innovations in 

processing waste from both coconut (coir) fiber and palmyra fiber into products 

of economic value have been carried out to preserve the environment. However, 

products made from both wastes are flammable. This research aims to develop 

acoustic bio-panels using palmyra fiber and coconut (coir) fiber raw materials 

with a passive fire protection system by SNI no. 03-1736-2000. Each acoustic 

bio-panel was treated with a chemical compound solution, in the form of 

ammonium sulfate salt, etc. This research was limited to testing the material's 

durability against fire using the same subject design (treatment by subject 

design). The findings show that applying chemical compound solutions on bio-

panel material increases the passive fire protection capacity while maintaining 

optimal acoustic performance. This research contributes to the creation of waste-

based building materials with fire resistance. 

Keywords: Acoustic Bio-Panel, Coir Fiber, Palmyra Fiber, Passive Protection, 

Ceremonial Waste. 

1 Introduction 

The utilization of traditional materials such as coconut and palm trees for building 

materials has been done for a long time. Palm leaves have been used as literacy media 

since the 9th century. It is known that Bali is nicknamed as the island of a thousand 

temples (pura). Bali is nicknamed the island of a thousand temples. This can be 

understood from the many temples from the smallest environmental unit to the 

environment on a macro scale. In the construction of temples, palmyra fiber obtained 

from palm trees is often chosen as a natural roofing material (see Figure 1). The choice 

of this material is due to its durability of up to 40 years of use. The fiber has the 

properties of non-perishability, environmental friendliness, and economic value [1]. 

The palmyra fiber used for roofing has gone through a process of selection and sorting, 

to obtain the best quality palmyra fiber.  
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Fig. 1. The palm fiber for temple roofing materials. 

The same is true for coconut. Coconut is a versatile fruit that symbolizes the layers of 

life (mahatala) and living water (pawitra), so it is always present in every religious 

ceremony (yadnya) of Balinese Hindus [2]. Therefore, coconuts are an important part 

of ceremonial activities in every Hindu religion (yadnya) in Bali, from the leaves to the 

fruit (see Fig. 2).  

Fig. 2. Api Takep and Canang by the part of the coconut tree that is used as a means of Hindu 

ceremonies. 

For example, coconut (coir) is used as a means of api takep in traditional rituals in Bali, 

symbolizes the introduction of rituals and neutralizes any negative energy. Api takep is 

a fire made from two coir fibers that are crossed over each other to form a tapak dara 

(+) [3][2]. The part of the coconut fruit that has been removed is used as coconut 

daksina as a symbol of the strata of life and is also used as an ingredient in the tabuh 

rah performed before Hindu ritual ceremonies reach their peak. Then, there are also 

coconut leaves that are always used in every ceremony with canang decorated with 

flowers, leaves, and other materials. It is a symbol of prosperity, peace, purity, and fun 

in a performance. Coconuts are also used in Hindu wedding ceremonies as part of the 

metanjung sambuk ritual which represents the letting go of the ego [4]. 

Inventions of Acoustic Biopanel 357



 

The many uses of coconut in the lives of Hindu communities in Bali, as well as the 

use of palmyra fiber (palmyra fiber), produce waste that is reused by the community. 

Palmyra fiber waste is currently used by the community as a filter layer in infiltration 

sources, while some coconut waste is used as craft material. But even then it has not 

been optimally utilized, where some are burned (see Fig. 3). 

Fig. 3. Suboptimal processing of palm fiber and coconut waste. 

There are many breakthroughs in processing these two wastes as acoustic bio-panels. 

The characteristics of both materials exhibit excellent acoustic absorption, are readily 

available from nature, and are biodegradable and odorless. Based on experimental test 

results, coir fiber was shown to have good acoustic properties at low and high 

frequencies and to be an environmentally friendly product as an alternative to synthetic-

based commercial products [5]. Coir fiber (coconut fiber) in particular has the 

characteristics of lightness and strength due to its high lignocellulose content. On the 

other hand, both materials have very poor resistance to fire, making them highly 

flammable. Several acoustic bio-panel recreations made from waste materials with fire 

protection have also been carried out, but generally focus on active fire protection 

systems [6][7]. Other studies related to the fire resistance of plywood have shown 

differences in the weight of combustion residues left behind by ammonium sulfate 

impregnation interventions [8]. 

Fire is the most alarming and most frequent hazard compared to other major hazards 

[9]. Fire accidents can occur in all types of buildings, such as housing, industry, 

hospitals, and other buildings and structures [10]. The causes of fires include low public 

awareness of fire risks, public reluctance to face and overcome fire risks, the lack of a 

fire protection management system, and the infrastructure of fire protection systems in 

buildings. 

Fire is the leading cause of injury and death in the United States [11]. In New York, 

a fire broke out at the Triangle Shirtwaist Company, killing 146 employees due to 

inadequate occupational safety protection [12]. The number of fire disasters is 

increasing every year. Even in hot weather conditions and strong winds such as those 

that have hit since the beginning of 2024 have caused many fire incidents, especially in 

Bali. In fact, from January 2024 to June 2024 there have been 89 fire cases in Denpasar 
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City, Bali [13]. The number of fire incidents shows that fire is a serious problem for 

human life [14]. 

For this reason, a fire protection system is needed which is a system of building 

protection systems from fires used in materials, equipment and building security 

systems. The fire protection system aims to detect and extinguish fires as early as 

possible using equipment that is driven manually or automatically. Generally, the fire 

protection system used is active in the form of a fire protection system implemented by 

using equipment that can work automatically or manually, used by occupants or 

firefighters in carrying out blackout operations.  In addition, this system is used in 

carrying out initial fire prevention.  

Another fire protection system is a passive fire protection system. A passive fire 

protection system is a fire protection system that is formed or built through the 

regulation of the use of building materials and structural components, 

compartmentalization or separation of buildings based on the level of fire resistance, 

and protection of openings. Some parts of the building that use passive fire protection 

systems, including walls that act to limit the spread of fire in a room when a fire occurs, 

floors, roofs, ducting used for air distribution and electrical systems, beams and 

columns, piping systems, and control holes in buildings [15]. 

Creative efforts to use building materials to increase Passive Fire Protection power 

are carried out by using various materials that function as fire extinguishers or limit the 

flames. Fire extinguishing materials in terms of their form can be divided into 3 types 

including solid types: sand, soil, fire blankets, and chemical powder (dry chemical). 

Liquid types are water, foam, and volatile liquids. Gas types are Charcoal acid gas 

(CO2), limp gas (N2), argon gas, and other inert gases [16]. Some of these materials 

can dissolve in water and are not harmful to the environment, such as extinguishing 

agents in the form of dry chemical powder [17]. Dry chemical powder is a combination 

of Mono-ammonium phosphate and ammonium sulfate. Characteristics of dry chemical 

powder fire extinguishing media, including is a versatile fire extinguishing media, safe 

and widely used because it can extinguish class A, B, and C fires; can withstand heat 

radiation with fog (powder) particles; does not conduct electricity (nonconductive); dry 

chemistry is non-toxic (nontoxic) so it is not harmful to plants, animals, especially 

humans [18].   

This research aims to create a waste-based building material that has a passive fire 

protection system (self-defense), through the creation of acoustic bio-panels made from 

palmyra fiber and coir fiber waste that is given a chemical compound solution. The use 

of these two wastes certainly provides economic value as well as for the ecological 

sustainability of the environment. This study will examine the effect of chemical 

compound coating composition on the level of resistance of the same test subject to 

fire. 

2 Research Method 

This research uses an experimental method to determine the effect of independent 

variables (treatment) on dependent variables (results) under controlled conditions so 
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that the cause-and-effect relationship can be known quantitatively.  Palmyra fiber, coir 

fiber, and coconut shell were the main raw materials in the study. The materials were 

chopped and formed into panels with an organic adhesive (tapioca) and pressed using 

a hydraulic press with a capacity of 10 tonnes by the same pressure so that they have 

the same density. The use of tapioca adhesive has the advantage of low cost, dry 

adhesion, and relatively little ash [19]. Seven test samples were made with the same 

size of (l x p x t) 20 cm x 50 cm x 5 cm. The measuring instrument used is a digital 

scale that has a precision level of 0.1 grams. (see Fig. 4) 

The matrix used is a solution of fire-fighting chemical compounds based on 

Ammonium Phosphate, Ammonium Sulfate, and other ingredients from special 

concentrates dissolved in water. This chemical compound solution is the most effective 

extinguishing agent in reducing fire intensity and is environmentally friendly because 

it leaves no residue [20]. To determine the level of difference to the test sample, seven 

measurements of the sample were carried out with different treatments resulting in 

differences in residual combustion and the average of the measured data is presented 

here. 

Fig. 4. Test subject and measuring tool. 

2.1 Procedure and testing of passive fire protection system. 

Palmyra fiber, coir fiber, and coconut husk are chopped and then added to the adhesive 

solution of tapioca starch and mixed evenly. The fiber was then moulded with a press 

and after drying it was divided into four parts with the same weight. Four parts of the 

test material were intervened by giving different chemical compound solution 

application treatments, ranging from one layer to three layers, and one test material did 

not receive chemical compound solution intervention as a control material. This 

experimental design uses a same-subject design (treatmen by subject design) with seven 

repetitions for each of the same treatments. 

Furthermore, the four test materials were burned by the same fire size and the same 

time of 5 minutes. The independent variables of this study are the layers of chemical 

compound fire extinguishing solution (one layer, two layers and three layers in the field 

of experimental test objects). While the dependent variables are the level of passive fire 
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protection ability, which is measured from the physical changes of the combustion 

process and the weight of the remaining combustion of the test object. The research 

design is depicted in Fig. 5.  

Fig. 5. Research design. 

This biopanel testing standard uses SNI 03 - 1736 - 2000 on Planning Procedures for 

Passive Protection Systems for Fire Hazard Prevention in Buildings. Building materials 

used for building elements must meet the requirements of the combustibility test and 

the nature of the spread of fire on the surface (surface test) by applicable provisions on 

building materials. (Decree of the Minister of Public Works No.10/KPTS/2000 Year 
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2000). Building materials that are formed into building components (walls, columns, 

and beams) must fulfill the requirements for testing fire resistance properties expressed 

in terms of (30, 60, 120, 180, 240) minutes 

The following building materials are classified as follows: non-combustible 

materials (grade I), non-combustible materials (grade II), fire retardant materials (grade 

III), semi-fire retardant materials (grade IV), and combustible materials (grade V). 

These requirements are ultimately linked to the material's level of resistance to thermal 

stresses (fire scenarios) that could cause the item to be exposed to fire. Such tests make 

it possible to evaluate fire propagation, and fire ignition resistance, and generate 

classification levels based on the results obtained from the tested items. The test 

conditions used in the scope of this study are detailed in Table 1. 

Table 1. Test condition applied 

Test Method Test Condition 

M4 M3 M2 M1 

Testing 

configuration 

3 layers of 

chemical 

compound 

solution 

2 layers of 

chemical 

compound 

solution 

1 layer of 

chemical 

compound 

solution 

Without a 

chemical 

compound 

solution 

Test time 5 minutes 5 minutes 5 minutes 5 minutes 

Combustion 

chamber 

Ambient air, 

open space 

Ambient air, 

open space 

Ambient air, 

open space 

Ambient air, 

open space 

Measured 

parameters 

Final volume 

of combustion 

residue 

Final volume 

of combustion 

residue 

Final volume 

of combustion 

residue 

Final volume of 

combustion 

residue 

Tools Stoves with 

the first flame 

level 

Stoves with 

the first flame 

level 

Stoves with 

the first flame 

level 

Stoves with the 

first flame level 

3 Result and Discussion 

The four test configurations are shown in Table 1. Each configuration was tested 7 

times using the same weight of 64.2 grams of test material. Each test material was 

burned for 5 minutes with the same flame size (see Fig. 6). The average weight of 

residual combustion produced in each configuration is in the range of 14.54 grams - 

52.01 grams. The lowest average residual weight in the test specimen with test 

condition 1 (M1) was 14.54 grams. While the highest average residual weight with test 

condition 4 (M4) is 52.01 grams. The condition of the test specimen with the M1 

method (1st configuration) has the smallest residual combustion volume which is in the 

range of 11.60 - 17.10 grams, with a burn percentage of 77.35% (22.65% percentage of 

resistance to fire). This condition is caused because each test object in the 1st 
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configuration (M1) does not get the intervention of chemical compound solutions. 

Different conditions occur in the 2nd - 4th configurations (M2, M3, and M4), which 

get chemical compound interventions with different coating levels (M2: 1 layer - M3: 

2 layers - M4: 3 layers).  

Fig. 6. The combustion conditions at four different treatments. 

The experimental test data as shown in Table 2 shows the percentage of fire resistance 

level that varies for each configuration, which is indicated by the ratio between the 

weight of the test specimen after burning (the final residue of combustion) and the 

initial volume of the test specimen. The test specimen in configuration 1 (M1) has only 

22.65% passive fire protection capability, while the test specimen in configuration 4 

(M4) has 81.02% passive fire protection capability. This condition is seen from the 

residual weight (final weight) of each test specimen after the combustion process. In 

test condition M4, the residual combustion produced in seven trials had a weight range 

of 48.90 grams - 55.7 grams. In test condition 3 (M3), the resulting combustion residue 

weighs 40.60 grams - 46.40 grams. In test condition 2 (M2), the resulting combustion 

residue weighs 26.30 grams - 34.60 grams. While the test object that is not given a layer 

of chemical compound solution, has a residual combustion weight of 11.60 grams - 

17.10 grams. The difference in final weight in each configuration can be caused by 

several things that become confounding variables, and in this study, these variables are 

ignored (see Fig. 7). 
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Table 2. Experimental results of passive fire protection ability of test items with chemical 

compound solution intervention 

Test configuration M4 M3 M2 M1 

Initial wight of the test item 

(gram) 

64,20 64,20 64,20 64,20 

Final weight of the test item (combustion residue) (gram) 

Test -1 (BP-1) 55,70 41,20 34,60 13,40 

Test -2 (BP-2) 54,20 46,40 30,30 17,10 

Test -3 (BP-3) 51,10 42,10 27,40 14,90 

Test -4 (BP-4) 53,80 47,30 33,10 15,60 

Test -5 (BP-5) 50,70 44,50 31,50 12,90 

Test -6 (BP-6) 49,70 40,60 29,70 11,60 

Test -7 (BP-7) 48,90 43,30 26,30 16,30 

Total weight 364,10 305,40 212,90 101,80 

Average weight 52,01 43,63 30,41 14,54 

Percentage of passive fire 

protection capability 

81,02% 67,96% 47,37% 22,65% 

Fig. 7. Residual combustion variance at each test condition. 

The use of gas stoves creates several confounding variables, such as uneven stove 

flames caused by dirty burner brass or clogged with combustion residue, and uneven 

gas flow supply. Wind is also one of the variables that can cause flame instability and 

affect the combustion residue. The test conditions are in an open space, so the influence 

of wind and ambient air cannot be avoided. This causes the fire in the furnace to move 

and hit areas that are not covered by the chemical compound solution. Another factor 
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is the difference in the level of homogeneity of the mixture and the density of the test 

specimen. The material selection process, mixing process, and molding process of the 

specimens were done conventionally, so the specimens did not have the same density 

and were less homogeneous. Test specimens with a denser waste material mixture 

component have a heavier combustion residue than specimens with a lower density. 

Several previous studies have shown that the density of acoustic biopanels made from 

palmyra or coir fiber waste affects the acoustic properties of the material. Therefore, 

further research is needed to see the correlation between the level of fire resistance and 

the acoustic properties of biopanel. 

4 Conclusions and Suggestion 

This study shows the success rate of passive fire protection on acoustic biopanels made 

from coir fiber and palmyra fiber treated with a layer of anti-fire propagation chemical 

compound solution in accordance with SNI 03 - 1736 - 2000. It was found that the 

increase in passive fire protection percentage is equivalent to the thickness of the 

chemical solution layer on the biopanel. The percentage of passive fire protection 

power in each test condition is as follows 81.02% in M4 (test specimen receiving 3 

layers of chemical compound solution), 67.96% in M3 (receiving 2 layers of chemical 

compound solution), 47.37% in M2 (receiving 1 layer of chemical compound solution), 

and 22.65% in M1 (no intervention). Fire resistance is optimised in test specimens that 

receive more layers of anti-fire propagation chemical compounds.  

Although the acoustic properties of palmyra fiber and coir fiber were not observed 

in this study, previous studies have shown that both materials have good acoustic 

properties at low and high frequencies and can be used as alternatives to synthetic-based 

commercial products. Providing a coating of anti-fire propagation chemical compounds 

can be the basis for the development of material technologies that are ecological and 

inexpensive, yet have passive fire protection capabilities. Therefore, it is suggested that 

further research is needed to prove the durability of biopanels through experimental 

tests to see the combustion time and heat value that can be retained. The research can 

also be extended with the effect of chemical compound coating with adhesive solution 

and the resulting acoustic ability. 
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