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Abstract. The process of composting empty fruit bunches (EFB) by mixing with activated
liquid organic fertilizer (ALOF) is an alternative utilization of solid waste generated from palm
oil mill. This study aims to find composting techniques of EFB and to obtain degradation data
of composting EFB by varying the air intake holes to produce good quality compost.
Composting process was carried out by tearing the EFB into four shreds, then put into the
tower composter while adding ALOF until it reached the optimum moisture content of 55 -
65%. During the composting process, we maintained moisture content at optimum conditions
by adding ALOF. Variations of air intake holes area to the outer surface area of the composter
are 0/44.314; 72.39/44.314 and 144.78/44.314 (cm?/cm?). Composting is carried out for forty
days, however, based on the result, compost began to mature on the 10" day. The results
revealed that there was an influence of air intake holes to the composting process. The best
degradation of EFB was obtained on the variation of air intake holes 72.39/44.314 (cm?/cm?),
pH 8.1, moisture content 79.14%, water holding capacity 60%, electrical conductivity 4.725
dS/m and C/N ratio 20.97.

1. Introduction

During its operation, besides producing crude palm oil (CPO) and palm kernel, palm oil mill (POM)
also produces waste, i.e., solid wastes such as empty fruit bunches (EFB) and palm oil mill effluent
(POME). According to Kerdsuwan and Krongkaew, about 20 - 22 tons of EFB are produced from 100
tons of fresh fruit bunches [1]. Indonesia is estimated to produce 90 million metric tons of fresh fruit
bunches, resulting in EFB waste about 20.7 million metric tons per year [2]. EFB contains high
cellulose, which slightly easy decomposed with a combination of physical, chemical and biological
processes [3]. Several studies have been conducted for the processing of EFB into compost by adding
additional materials such as animal wastes [4], and by mixing with POME [5]. In this research, the
addition was carried out with active organic fertilizer (AOF) that serves as an activator and also
maintains the moisture content (MC).

Active organic fertilizer (AOF) is a further processing of POME fermentation into biogas [6].
Effluent used as raw material of active organic fertilizer has passed anaerobic degradation process in
the biogas processing in digester tank. The effluent from the biogas digester still contains methane
degrading bacteria and carbon dioxide degradation, which is one of the nitrogen-fixing bacteria [7].
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Methanobacterium and Methanobacillus contained in the effluent are known to form N, and to add
other macro elements such as phosphate needed by the processing bacteria Bacillus sp, which is
achieved by the addition of effective microorganism 4 (EM-4). The purpose of this research is to
obtain degradation data of EFB composting using active organic fertilizer inside drum tower
composter.

2. Method

2.1. Empty fruit bunches

The raw material of this research was EFB obtained from Palm Oil Mill Sei Mangkei belongs to PTPN
II1. EFB were torn into 4 (four) shreds. Characteristic of EFB are presented in table 1.

Table 1. Characteristic of EFB and AOF

Parameter Unit EFB AOF
Moisture (%) 43.83 -
pH 9.10 8.09
C (%) 33.15 0.58
N (%) 0.99 0.10
C/N - 33.48 5.8
Water Holding Capacity (%) 62 -
P,0s (%) - 0.016
K>,O (%) - 0.167
COD (mg/1) - 1,580
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Figure 1. Scheme and dimension of tower composter
2.2. Active organic fertilizer
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Active organic fertilizer, as a source of nutrition and maintenance of moisture content, was obtained
from POME processing at Biogas Power Plant, Universitas Sumatera Utara, Medan. Characteristic of
AOF used can be seen in table 1.

2.3. Tower composter

Main equipment used was a drum tower composter with a height of 3.00 m and diameter of 0.45 m.
The composter was equipped with a sampling hole and an air intake hole. The air intake hole was 1.25
cm in diameter. Scheme and dimension of tower composter can be seen in figure 1.

2.4. Procedure

This research was conducted at Biogas Pilot Plant, Universitas Sumatera Utara, Medan. Composting
process was carried out by measuring the total weight of EFB initially, after that inserted into the
tower composter, then AOF was added until the moisture content reached 55-65% and maintained at
that range during the composting process.

Compost sampling was conducted by taking the compost from sampling holes which were
available at each composter height. Temperature measurement was recorded by inserting the
thermometer into the hole and performed two times a day, in the morning and afternoon. While,
moisture content was measured daily using five grams of compost sample, then pH measurements
were performed daily using potentiometric methods. Analysis of C and N were performed every ten
days by using Walkley & Black and Kjeldahl method, respectively. Electrical conductivity analysis
was carried out every ten days using conductivity meter. Bacterial count analysis was performed every
ten days, compost quality analysis was done at the beginning and the end of the composting process.

3. Results and Discussions

3.1. Analysis of temperature and moisture content profiles at any height of compost pile

The most essential parameter to be measured in the composting process is temperature [8]. Figure 2
shows the effect of air intake hole on average temperature during the composting process. The average
temperature of composter I, II and III at each tower height of 1, 2 and 3 m were 45.48; 44.92; 45.66
°C, 45.46; 44.61; 45.25 °C and 43.01; 42.93; 42.71°C, respectively.
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Figure 2. Profiles of temperature and moisture content at each height composter
Figure 2 shows the temperature change in composter I, II and III. In composter I the temperature
increased from the height of 1 to 2 m but decreased at 3 m. In composter II the temperature decreased
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from the height of 1 to 2 m but increased at 3 m, while in composter III the temperature tends to
decrease from the height of 1 to 3 m. It can be seen in figure 2, the deeper the compost pile, the higher
the temperature. Temperature between composter I and II looks not much different.

Increasing of temperatures in the deeper compost pile was caused by the pile porosity, this was in
accordance with those mentioned by Van Ginkel et al. 1999, the mass and heat transfer in the compost
pile is significantly influenced by the geometry and the pore size distribution and also composition of
the compost material [9]. With the deeper the pile, the porosity in a pile will be smaller, causing the
amount of heat generated during the decomposition process was trapped inside the pile.

Moisture content is one of the important factors that must be maintained in the composting process.
Baharuddin et al. 2010 stated that the best condition of MC for composting was 55 - 65% [10]. The
average MC of composter I, Il and III at each height of 1, 2 and 3 m were 68.35, 68.74, 71.99 %;
71.19, 69.84, 73.10 % and 58.09, 61.24, 55.47 %.

As shown in figure 2, the average of moisture content in the composter I and II is almost the same
in each height of composters, compared to the moisture content in the composter III. This was due to
the liquid that dropped from composter 1 and II was recycled every day during the composting
process, and less air intake hole was used, compared to the composter III, so that moisture content
looks much higher. While fluid in composter III was recycled from the bottom of composter at the
time of moisture content < 55 % and a number of air intake holes used were more than the number of
holes in composter I and II. It caused loss of a large amount of water at vapor state then it can be seen
moisture content in composter [II was in the range of 55 — 65 % in accordance as reported by
Baharuddin et al. 2009. The decrease of average MC value in a pile was also affected by the water
evaporation caused by the heat from the pile as reported by Tiquia et al. (2001) where high
temperatures in composting process can cause water loss in the vapor state [11].

3.2. Analysis of pH and profiles at any height of compost pile

Figure 3 shows the average pH of composter I, II and III, where the average pH of composter I, II and
III at each 1, 2, and 3 m elevations were 7.91, 7.96, 8.02; 8.00, 7.89, 7.92 and 8.83, 8.77, 8.31. The
consequence of pH changes during the composting process is due to microbial activity [12, 13].
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Figure 3. pH profile during composting process

The average pH between composter I and II looks not much different than composter III, but the
highest value among them is pH 8.83 in composter III at the height of 1 m. The increase in pH
becomes base condition is good for the composting process, because alkaline conditions can inhibit
the growth of pathogens such as fungi that can live in acidic conditions. The addition of aeration holes
to the composter helps to reduce the anaerobic phase and helps remove CO:; trapped in the free space
between the compost particles, thus preventing the occurrence of acidic conditions in the pile or
significant decrease in pH [14, 15].
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3.3. Analysis of compost based on bacterial count and temperature

Microbial activity, quantity, and biomass are parameters that can also be used to explain the
composting process [16]. Changes in the number of microbial colonies during the composting process
can be seen in Figure 4.

Based on the temperature profile in Fig. 4, two phases are observed during the composting process,
namely thermophilic phase (from day 1 to day 20) and mesophilic (day 16 to day 40). The initial value
of bacterial count is 26 x 107. At thermophilic phase, the value of bacterial count relatively increased
in all composters. This is due to the availability of nutrients, the mesophilic bacteria that survive in the
thermophilic phase were growing. On the 20" day until the 40™, after being in the mesophilic phase,
the number of bacteria slowly begins to decrease as the availability of nutrients decreased. There are
currently no reports of acceptable amounts of microbes on mature compost [17] but Atkinson et al.
(1996) emphasized that the number of microbes should be low and contain no significant number of
pathogens [18].

70 50
63 45 "E
470
a0y w
g %0 359
w 33 30 &
£ 50 25 *5
£ 59
T "
e 40 10 E
33 5 %
30 a
0 10 20 30 40
Composting Time (Days)
== Temp Composter ——Temp Composter [1
Temp Composter [T =fi=EBEC Composter [
BC Compaoster IT =se=BC Composter III

Figure 4. Bacterial count and average temperature during the composting process

3.4. Analysis of compost based on change of C/N
The C/N ratio is an essential indicator of compost maturity [19]. It was necessary to measure the C/N
ratio performed five times during this study as shown in Figure 5.
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Figure 5. C/N ratio changes during the composting process
The C/N was analysed five times during the composting process from day 0 to day 40. The initial
C/N value of EFB was 31.06. On day ten there was a drastic decrease of C/N on composter I, I and III
namely 19.08; 20.99 and 19.57. On the 40™ day, C/N ratio of each composter was constant in the
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range 18.13 - 21.47. The decrease in the C/N ratio is due to the decrease in C content during the
composting process. This occurs because of the decomposition process of organic matter from the
results of microbial activity [20].

3.5. Analysis of compost based on change of electrical conductivity

Electrical conductivity (EC) reflects the level of salinity in a compost product, which suggests the
possibility of phytotoxic or phyto-inhibitory effects [21]. The electrical conductivity value changes
during composting are shown in Figure 6. The initial value of electrical conductivity compost on
composter I, IT and III are 4.42, 3.43 and 1.74 dS.m!, respectively. On day ten until day 20, the value
of compost EC has increased in composter I, II, and III, however, on day 30, the value of EC
decreased and then constant at day 40 in the range 4.57 — 4.72 dS.m"'. The decline in EC values during
the composting process is a direct result of increased concentrations of nutrients such as nitrates and
nitrites [22] whereas the increase in EC values can be caused by the release of mineral salts such as
phosphate and ammonia ions through the decomposition of organic substances [21]. The final EC
value obtained after the composting process was 3.73 dS.m™'. Characteristic of final compost is shown
in table 2.
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Figure 6. Electrical conductivity changes during the composting process

Table 2. Characteristic of final compost

Final
Parameter / Unit  Initial EFB
Composition Composter I Composter 11 Composter II1
Moisture Content % 43.83 73.35 79.14 60.74
pH 9.1 8.1 8.1 8.8
: o,
W‘”Ce;plzgilg’”g & 62 60 60 58
C % 37.89 22.10 25.16 26.10
N % 1.22 1.10 1.20 1.35
C/N 31.06 20.09 20.97 19.35
Bacterial Count SPC x 107 26 2 1 25
) -1
C’j”zz ltszlt)/ dS.m 6.719 4568 4725 4.568

Na % 0.102 0.059 0.059 0.059
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CaO % 1.759 2.043 2.043 2.043
MgO %o 0.537 0.437 0.250 0.403
P05 % 0.201 0.091 0.091 0.091
Cd ppm 0.894 0.437 0.437 0.437
Cu ppm 0.673 0.078 0.078 0.078
Fe ppm 1.073 0.051 0.051 0.051
Pb ppm 1.246 0.080 0.080 0.080
Zn ppm 2.370 0.052 0.052 0.052
Fat % 2.150 1.430 1.430 1.430

4. Conclusion
The conclusions obtained from research are as follows:

1. EFB with the mixture of AOF as a microbial source, the nutrient source, and moisture content
buffer were proven to produce compost about ten days.

2. The height of the compost pile affected the composting process as shown on some parameters
that have been analyzed

3. The composting process using drum tower composter successfully reached thermophilic
temperature.

4. The quality of compost on the 40" day was not so much different from compost produced on
the 10" day, as indicated by the change in C/N value from 21.47 to 20.97 on composter II.
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