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ABSTRACT

evelopment of a suitable  technology
for rapid composting of oil palm 

biomass, especially the abundant empty fruit 
bunch (EFB) from palm oil mills is very crucial 
for the industry in order to make composting 
viable and effective for easy evacuation. Many 
parameters are involved for the success of rapid 
composting, and one of the real challenge is to 
ensure the sustainability of the indigenous com-
posting micro-organisms. In order to pursue
this research within the narrow spectrum of  
limited  supporting facilities  composting time 
and quality of compost formed from EFB, palm 
oil mill effluent (POME) and decanter cake had 
to be subjected to a thorough investigation using
a large scale aerobic thermophilic composter. The 
compost mixtures were conducted in a 1.7 m 
x 1.6 m x 3.3 m stainless steel aerobic thermo-
philic composting  reactor.  The raw composting 

mixture having a wet weight of 80 kg per batch 
were placed in the reactor. Results indicated
that the composting period of EFB with 
decanter cake can be shortened to three weeks. 
The mean temperature profile of Run I was mar-
ginally higher than Run II (with POME) by 3ºC-
7ºC but the moisture content showed marked 
increase ranging between 17%-50%. The C:N 
ratio of  the  final compost  the Run was 12.09 
within a period of  three weeks. Therefore, our 
results suggest that it would be possible to 
accelerate the compost production using aerobic 
thermophilic composter for the oil palm industry
as a sustainable option for managing the oil 
palm biomass without requiring an additional 
maturation stage.  
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INTRODUCTION

Composting is the best-known time tested  
natural process for the biological stabilisa-
tion of solid organic wastes. The process 
of composting has various benefits such as 
destruction of pathogens, solving the envi-
ronmental problems, generation of a valu-
able by-product, and also enhancing the 
economic benefits (NABC, 2004). The con-
version  of various wastes into good-quality 
fertiliser however, requires stringent con-
trol, as the final product must be within or 
below the satisfactory maturation level of 
the compost fertiliser and not pose a risk 
to animal and human health (DOA, 2007). 
In Malaysia, there is a growing interest in 
the  most cost effective bioconversion of  
oil palm biomass waste into value-added 
products. For information, the total plant-
ed area in Malaysia for oil palm recorded 
in 2014 was 5.39 million hectares. Palm 
oil mills and oil palm plantations produce 
huge amounts of oil palm biomass, such as 
palm kernel shells, palm kernel cake, palm 
oil mill effluent (POME), mesocarp fibre, 
empty fruit bunches (EFB) an abundance 
of oil palm fronds when harvesting of fresh 
fruit bunches, (FFB), and both fronds and 
oil palm trunks (from the field during re-
planting) (Astimar et al., 2011). Fresh fruit 
bunches contain (on fresh weight) about 
22% to 24% palm oil, 6%-7% kernel, 14% to 
15% fibre, 6% to 7% shell and 23% empty 
fruit bunch as usable biomass. 

 According to MPOB statistics in 2014 
there were 443 mills in operation in Malay-
sia with a processing capacity of 106 708 400 
t of FFB, but which processed 96 066 760 t of 
FFB (MPOB, 2014). With the development 
of new technology, the utilisation of oil 
palm biomass, especially EFB kept  expand-
ing, with newer applications such as com-
post (Zainudin et al., 2013), vermicompost 
(Nahrul Hayawin et al., 2012; 2014), me-
dium density fibreboard (MDF) (Zawawi 
et al., 2015) and nanoparticles (Ramli et al., 
2014). A promising option  in the utilisation 
of oil palm biomass is its conversion into 

prospective precursors such as compost 
that can be converted to granulated organic 
fertiliser with good marketability potential. 
Composting is one of the best alternatives 
for the palm oil mills in the utilisation the 
EFB economically and in an environmental-
ly sustainable way. However, one of the bot-
tle necks  associated with the conventional 
composting of EFB was  the long matura-
tion and degradation time of composting. 
Since the oil palm mills operate continu-
ously at least six days a week generating 
large quantities of EFB and palm oil mill 
effluent (POME), rapid composting is very 
crucial in order to make composting project 
an efficient and dependable EFB evacuation 
mechanism (Zainudin et al., 2013).

 The potential and efficient techniques 
of composting process is aerobic thermo-
philic composting in which it can retain 
the nutrients in the composter without the  
production of  any objectionable foul smell. 
Normally, the aerobic thermophilic is car-
ried out using a composter with integrated  
agitation equipmen, aeration and mixing of 
the compost, to produce a consistent and 
uniform end product. Composting in aero-
bic thermophilic composter (ATC) involves 
the accelerated degradation of organic mat-
ter by microorganisms under proper aera-
tion. The compost temperature surpass  the  
ambient level under exothermic process 
conditions (Mosquera-Losada et al., 2010). 
During the composting process, weed seed 
viability will be reduced together with  the  
suppression of pathogen’s activity when 
the temperature of composted manures ris-
es above 55ºC (Tang et al., 2007). However, 
improper aeration can severely affect the 
composting process due to erratic moisture 
content, decrease in temperature, and high 
pH content of the material, resulting in un-
stable compost. Therefore, it is important 
that aeration  be managed at optimal level 
to ensure adequate and consistent oxygena-
tion for effective composting. The compost-
ing time is drastically reduced to 2-3 weeks 
subject to the types of waste used without 
any odour or leachate related problems.  
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 Several successful studies were reported 
on other materials such as municipal bio-
solids (Nakasaki et al., 2009), cattle manure
(Vuorinen and Saharinen, 1997), food 
residuals (Kalamdhad and Kazmi, 2009) 
and animal mortalities (Aboulam et al., 
2006) but there are only limited studies on 
rapid composting of oil palm biomass. Palm 
oil mills also generate POME sludge and 
decanter cake that can be used as materials 
for composting with EFB, not only for sup-
plying the extra carbon sources but also to  
provide indigenous microbial consortium 
that can enhance the composting process. 
This study was therefore undertaken to 
investigate the effects and nutrient quality 
of the compost from oil palm biomass using 
aerobic thermophilic composter. 

METHODS

Experimental Set-Up

 The study was conducted in a roofed 
composting plant in MPOB-UKM complex 
located at Kajang, Selangor, Malaysia. The 
shredded EFB was obtained from Sri Ulu 
Langat Palm Oil Mill, Dengkil, Selangor 
with moisture content between 70% to 80%. 
Two other types of oil palm biomass sludge 
were obtained from two different outlets 
of the palm oil mill and palm oil mill ef-
fluent (POME). The decanter cake was ob-
tained  from the oil recovery system  from 
the milling process which  the POME  was 
collected from the last anaerobic pond af-
ter the POME had undergone anaerobic 
digestion process. Some characteristics of 
the mixture of EFB with decanter cake and 
POME are shown in Table 1 and both experi-
mental runs are known as Run I and Run II, 
respectively. Based on  the previous study 
by Nahrul Hayawin et al., 2012, both ma-
terials were mixed with empty fruit bunch 
(EFB) in an optimum ratio of 1:1 to create a 
raw composting mixture. At the start of all 
of the experiments, the initial pH level was 
around 8.0, and the moisture content was 
adjusted to 70% by the addition of distilled 
water. 

  The composting was carried out using 
a large-reactor called aerobic thermophilic 
composter (ATC) consisting of a cylinder 
(1.7 m x 1.6 m x 3.3 m) made of stainless 
steel containing two inserts Figure 1.  The 
raw composting mixture was placed into 
the reactor at a wet weight of 80 kg for both 
Runs I and II. Insert I was used for the mix-
ture of EFB with decanter cake while insert 
II was for the mixture of EFB with POME. 
In ensuring a homogeneous aerobic and 
ambient environment, the air was first in-
troduced into a reactor and then passed 
through a blower prior to reaching the reac-
tor. It was ascertained that the aeration rate 
was important  to generate aerobic condi-
tions in the aerobic thermophilic composter. 
The substrates were mixed together using 
the turner at intervals of three days dur-
ing its operation to reach maturity. The C: 
N is used as an index for the maturity of 
organic wastes as well as a very important 
parameter because plants cannot assimilate 
N (nitrogen) unless the C:N is less than 20. 
It is expected that C:N can be achieved after 
three weeks composting in ATC machine. 
The final decomposition process in ATC 
machine can be found out once the temper-
ature and moisture content of the compost 
material  have decreased. 

Statistical Analysis 

 The results obtained were analysed 
by ANOVA using the Statgraphics v. 5.0 
software packages (Statistical Graphics 
Corporation, 1991) and considering the 
treatment as the independent variable. The 
means were separated by the Tukey’s test, 
considering a significance level of p < 0.05 
throughout the study.

Compost Analysis

 The nutrient contents of Run I and Run 
II were determined prior to the compos-
ting process, and also at every interval 
of the composting period. Total organic 
carbon (TOC) of the vermicompost was 
estimated using the standard dichromate 
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oxidation method of Nelson and Sommers 
(1982). Total kjeldahl nitrogen (TKN) con-
tent from the compost was analysed by the 
Kjeldahl method using a Technician Auto 
Analyser II. The C:N was calculated from 
the measured values of C and N. Total 
phosphorus (TP) was analysed by using the 
spectrophotometric method with molyb-
denum in sulphuric acid. The Ca (calcium) 
and Mg (magnesium) in the compost were 
determined by the double-acid method and 

Figure 1. Full-scale aerobic thermophilic composter machine. 

TABLE 1. CHARACTERISTICS OF THE COMPOSTS MIXTURE FOR
RUN I AND RUN II

Element Run I (EFB + decanter cake) Run II (EFB + POME)
Moisture content (%) 70.0 ± 2.31 80.0 ± 2.33
Organic matter (%) 77.9 ± 2.10 69.0 ± 2.84
Total organic carbon (%) 61.7 ± 1.85 60.1 ± 2.00
Total Kjeldahl nitrogen (%) 2.38 ± 0.04 1.56 ± 0.05
C/N 25.92 38.53 
pH 6.3 ± 0.14 4.7 ± 0.01

analysed using an atomic absorption spec-
trophotometer (Analyst 100, Perkin Elmer) 
with a graphite furnace (Model: HGA-850).

RESULTS AND DISCUSSION

Compost Temperature vs. Time

 Figure 2 shows the changes in the mean 
temperatures for two different treatments 
during composting process. The compost 

3.3 m 1.6 m

1.7 m

1  Air inlet
2  Heater
3  Air outlet
4  Insert 1
5  Insert 2
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made of Run I (POME) shows  lower range 
of temperatures (mesophilic range), due 
to minimal activity of the microbes. How-
ever, the range mean temperature of Run 
II was significantly higher than the range 
mean temperature of Run I by 3ºC-7ºC. The 
mean temperature of Run II was 28.50ºC 
at the initial day, significantly increased to 
30.20ºC at day 12, dropped to 29.70ºC at day 
14, increased to 32.00ºC at day 22, and final-
ly dropped to 29.00ºC at day 23 (Figure 2).
The microbes in the final feed of Run II 
(decanter cake) were more active than in 
Run I (POME). The temperature trend vs. 
days of the final feed components were sig-
nificantly different for both runs. The fluc-
tuation of temperature for Run I may be 
due to the drop of temperature caused by  
the turning operation. The temperature of 
final feed in Run II continuously decreased  
with minimal fluctuation from  28.90ºC at 
the beginning to 29.90ºC on the 8th day, and 
dropped to 27.50ºC on the 23rd day indicat-
ing  microbial activities at mesophilic level  
(Figure 2). 
 

Moisture Content vs. Time

     The changes in moisture content for com-
posting of Run I and Run II are shown in 
Figure 3. The moisture content of Run I was 
50% at the beginning but dropped to 24% 
on the 23rd day. The same trend was ob-
served on the moisture content for the com-
post Run II from 33% at beginning to 14% 
on the 23rd day. Loss of moisture content 
during composting is probably due to the 
turning operation, therefore enhances the 
degradation process. It was seen  that the 
mean moisture level of  the final feed Run 
I was higher than the compost Run II. This 
may be explained by the suggestion that the 
decanter cake from oil palm biomass can 
retain the moisture during the composting 
process. The moisture content of these two 
treatments were  found to follow  a  simi-
lar trend. According to Baharuddin et al., 
(2009), the optimum and recommended 
range of moisture content for conventional 
composting is between 50% to 60%. How-
ever, to enhance maximum microbial com-
munities, the recommended moisture con-
tent should be around 60% to 75% (Rihani 

Figure 2. Changes in temperature during composting of oil palm biomass using 
ATC machine.
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et al., 2010). Therefore, the moisture content 
for the final feed with decanter cake was 
within the range of 17% to 50% while the fi-
nal feed with POME was sustained within 
the range of 14% to 40%. 

Nutrient Quality of the Compost

 The final nutrient compositions of the 
composts are shown in Table 2. From the 
table, it can be seen that the value for to-
tal nitrogen and calcium of the compost 
Run I are greater than those of the compost 
Run II. On the other hand, the magnesium, 
phosphorus, pH and organic matter of the 
compost Run II are greater than those of the 
compost Run I due to the biodegradation of 
nitrogen and carbon contents (Schuchardt 
et al., 2002). The C:N ratio is one the most 
widely accepted parameters for measu-
ring the composting maturity and the rea-
dinss for use e as a fertilizers. The C:N of 
the compost Run I and Run II at the final 
composting of the third week were 12.09 
and 21.59. The matured compost from Run 

Figure 3. Changes in moisture content content during composting of oil palm biomass
using ATC machine.

I has reached its maturity when the stabi-
lity stage based on the C:N values was 
less than 20. The C:N ratio of Run II is 1.78 
times higher than Run I. The high value of 
nitrogen content in Run II is due to the high 
amount of nitrogen in decanter cake. 

CONCLUSION

 This study suggests that the rapid com-
posting of oil palm EFB can be achieved 
within three weeks by using the aerobic 
thermophilic composter. The addition of 
decanter cake was observed to accelerate 
the production of mature compost as com-
pared to the addition of POME sludge. It 
was also found that the temperature and 
moisture of Run I (decanter cake) was 
higher than the temperature and moisture 
of Run II (POME) by 3ºC-7ºC and moisture 
between 17%-50%. The C:N of was 12.09 
within three weeks with higher nutrient 
contents compared to POME which had 
3.03% nitrogen and 2.10% Ca. Therefore, 
our results confirm that it is possible to ac-
celerate the compost production using aero-
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bic thermophilic composter by the oil palm 
industry as a sustainable option for manag-
ing oil palm biomass without requiring a 
later maturation stage.
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