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E D I T O R I A L 
 

Pada Volume XIX no. 2, Jurnal mesin terbit dengan lima buah makalah. 
Makalah pertama yang berjudul Analisis Reaktor Kimia Berdasarakan Standar 
Inspeksi Berbasis Resiko API 581 ditulis oleh T.A. Fauzi Soelaiman  dari 
Departemen Teknik Mesin ITB dan tim dari Departemen Pertambangan ITB. 
Makalah ini membahas pentingnya melakukan inspeksi resiko terhadap 
peralatan proses, dan hasil penerapan inspeksi resiko pada suatu reaktor kimia. 
Hasilnya menunjukkan bahwa metoda yang digunakan dapat dipakai untuk 
memprediksi resiko pada komponen-komponen reaktor kimia dengan cukup 
baik. 
 

Makalah kedua berjudul Kaji Eksperimental dan Numerik Kinerja Cyclo Dust 
Filter, ditulis oleh Prihadi Setyo Darmanto dan Joko Sarsetyanto dari 
Departemen Teknik Mesin. Makalah ini membahas keandalan Cyclo Dust 
Filter, yang berupa gabungan siklon dan filter kain, dalam menyaring partikel 
dari aliran gas. Analisis keandalan dilakukan dengan kaji numerik dan 
ekperimen. Hasil analisis antara lain menunjukkan bahwa efisiensi pemisahan 
Cyclo Dust Filter dapat mencapai 99% yang menyamai efisiensi electrostatic 
precipitator. Disamping efisiensi, hasil analisis juga menunjukkan pengaruh 
parameter-parameter penting terhadap kinerja alat. 
 

Carolus Bintoro, mahasiswa Departemen Teknik Mesin, beserta para 
pembimbingnya menulis makalah ketiga yang diberi judul: Kaji 
Komputasional Pengaruh Beban dan Keausan terhadap Kekakuan Bantalan 
Rol. Makalah ini membahas hasil kajian secara numerik pengaruh peningkatan 
keausan terhadap peningkatan kekakuan bantalan. Selain itu, kajian numerik 
yang dikembangkan juga berhasil memperlihatkan hubungan antara defleksi 
dan kekakuan serta gaya radial dan kekakuan sebagai fungsi dari keausan yang 
dinyatakan dalam diametral clearance (Cd). 
 

Makalah keempat ditulis oleh Maria F. Sutanto yang merupakan mahasiswa 
program doktor yang melakukan penelitian di Laboratorium Termodinamika 
PPAU – IR ITB. Makalah ditulis bersama para pembimbingnya. Makalah ini 
membahas kaji eksperimen kinerja sudu turbin angin berbentuk silinder 
berputar yang dilengkapi dengan rotor Savonius. Hasil pengujian menunjukkan 
bahwa silinder yang berputar dapat digunakan sebagai sudu kincir angin karena 
adanya gaya angkat yang timbul dari efek Magnus yang terjadi pada silinder 
tersebut. Perbandingan panjang dan diameter silinder yang baik adalah 4. 
 

Makalah terakhir ditulis oleh Ondřej Cundr dari Czech Technical University in 
Prague. Makalah yang berjudul A Plausible Energy Yield from Palm Oil Mill 
Effluent, membahas mengenai potensi limbah minyak kelapa sawit untuk 
dijadikan bahan bakar gas. Makalah ini memuat data-data potensi limbah yang 
dapat dimanfaatkan dan metoda gasifikasi yang mungkin diterapkan. 
 

Akhir kata Redaksi mengucapkan selamat membaca semoga makalah-makalah 
dalam Jurnal Mesin memberi informasi dan pengetahuan yang bermanfaat.  
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Ringkasan 

Penerapan gasbio yang dibangkitkan dari limbah penggilingan kelapa sawit untuk membangkitkan listrik 
telah terbukti merupakan alternatif yang ramah lingkungan untuk menggantikan nafta atau bahan bakar 
fosil. Rangkaian proses dari tandan buah segar sawit sampai menjadi minyak sawit dalam pabrik minyak 
sawit serta jumlah limbah yang terbentuk dalam proses tersebut dibahas secara singkat pada awal 
tulisan ini. Setelah itu, berbagai perlakuan terhadap limbah penggilingan minyak sawit (palm oil mill 
effluent, POME) akan dibahas. Proses penguraian molekul secara anaerobik dalam kondisi dipanaskan 
merupakan cara terbaik dalam menangani POME. Akhirnya, diskusi dilanjutkan pada masalah 
pengurangan emisi selama proses penguraian molekul secara anaerobik dalam tangki tertutup. Tujuan 
tulisan ini adalah untuk menekankan adanya potensi energi yang sangat besar dalam POME yang dapat 
digunakan untuk meningkatkan tingkat kelistrikan dan sekaligus menekan pencemaran udara di Sumatra. 

 
Abstract 

Application of biogas generated from palm oil mill effluent for producing electricity has been proven as 
an ecological alternative to naphtha and fossil fuels. In the first part of this article, the process of making 
oil from fresh fruit bunches is briefly described together with amounts of waste gained. After that, 
different types of treatment of palm oil mill effluent (POME) as one of results of the process are 
examined, resulting in a  suggestion of anaerobic digestion under thermophilic conditions as the best way 
to treat POME. Finally, attention is also paid to the emission reduction during an anaerobic digestion in 
close tanks. The aim of the article is to stress the overwhelming energy potential of POME that can bring 
high increase in electrification ratio and recognizable decrease of air pollution on the island of Sumatra. 

 
Keywords: POME, anaerobic digestion, palm oil mill, biogas, tank digester. 

 
1. INTRODUCTION 

 
Palm oil is produced from oil palm, primarily Elaeis 
guineensis, which originated from West Africa but has 
adapted extremely well to other tropical lowland 
regions. The largest producer of palm oil is Malaysia, 
accounting for approximately 49% of global 
production. Indonesia ranks second, accounting for 
another 36%. The cultivation of palm oil tree has 
expanded significantly over recent years and as the 
demand for vegetable oils increases, the oil palm is 
likely to become an increasingly important crop.  
 
The Indonesian palm oil tree plantations cover over 4 
million ha with a total production of about 8 million 
tones crude palm oil (CPO) and kernel oil per annum. 
There are more than 400 palm oil mills in Indonesia, 
mostly located in Sumatra. Planted area in Sumatra is 
shown in Table 1. In spite of this attainment, attention 
should be paid in regard to the wastes resulting from 
oil processing facilities.  
 

2. THE PROCESS IN PALM OIL MILL 
 
Typical process in a palm oil mill can be briefly 
described as follows. The fresh fruit bunches, after 
being harvested from the plantations, are transported to 
the mill. Each fresh fruit bunch (FFB) consist of 
hundreds of fruitlets each containing a nut surrounded 
by a bright orange pericarp which contains the palm 

oil. The FFB are unloaded on a ramp and put into 
containers of 3.5 tons each. Sterilisation of FFB is done 
batchwise in an autoclave of 42 tons of FFB capacity 
(12 containers) with steam at temperature 140°C for    
1-1.5 hour in order to avoid fatty acids production by 
natural enzymes in the mesocarp. The steam 
condensate coming out from the sterilizer is one of 
three sources of liquid effluent. The quantity of this 
effluent varies from one mill to another, with a 
minimum of just over 0.12 ton for each ton of FFB.  
 
The containers with the sterilised bunches are emptied 
into a rotary drum thresher where the fruits are 
separated from the bunch stalk. This processing step 
generates the empty fruit bunches (EFB) at 230-250 kg 
per ton of FFB. The separated fruits are carried into 
digesters and mechanically treated into mash. No 
residue occurs in this step.  
 
The oily mash is fed into a continuous screw press 
system. The extracted oil phase is collected and 
discharged to the purification section. 
 
The remained press cake is transported to a separation 
system consisting of air classifiers and cyclones for 
drying and separation of nuts and fibres. Kernels 
recovered from nuts in crackers are usually transported 
to kernel oil mill where a screw press extracts kernel 
oil. Fibres and shells are solid residues obtained during 
the oil extraction, with the amount of 145 and 60 kg 

MESIN Vol. XIX  No. 2 64



per ton of FFB, respectively. To improve oil 
clarification, hot water is added to the raw oil and the 
mixture is passed through a vibrating screen to separate 
large size solids. The oil, after sieving, still contains 
small size solids and water. The conventional 
procedure to separate oil from water and suspended 

solids is the settling tank method, where the system is 
heated by steam. The oil that floating on the top is 
collected by a funnel then sent to a crude oil tank. The 
settling tank underflow is collected in the sludge tank 
and subsequently treated to recover the oil.  

 
 
 FFB
 
 
 

 
 
 
 
 

 
 
 

 
 
 

 
 
 
 
 
 

 
 
 
 
   
 
  
  
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. Process scheme of a palm oil mill 
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In order to protect the equipment in the subsequent 
process steps against clogging, the bottom sludge is 
pre-cleaned by means of microstainer/hydrocyclone of 
desander. The desanders are cleaned by discharging the 
accumulated solids to the drain, followed by the 
injection of fresh water. . The amount of wastewater 
from this process reaches approximately 0.5 tons per 
tonne of FFB processed. Total amount of effluent 
produced by a single palm oil mill in Indonesia is 
around 50 tons per hour. See Table 2. 
 
Owing to the chemical and physical properties of the 
effluent (POME), it cannot be run directly to 
environment. Current method used to solve this 
problem is anaerobic digestion of POME in open 
lagoon systems for approximately 120 days in order to 
reduce biological oxygen demand (BOD) and chemical 
oxygen demand (COD). Physical properties of POME 
are shown in Table 3. 
 
 

3. ANAEROBIC DIGESTION OF POME 
 
The increasingly stringent water quality regulations 
being introduced in many countries have forced 
factories to investigate a wide range of approaches for 
the treatment of palm oil mill effluent (POME) and 
related wastewaters. These include: simple skimming 
devices [1, 2]; land disposal [3]; use as animal fodder 
[4, 5]; ultrafiltration [6, 7]; chemical coagulation and 
flotation [8, 9, 10, 11]; and various aerobic [12] and 
anaerobic microbiological processes [14 - 25]. 
Anaerobic biological systems offer greater potential for 
the treatment of POME as they do not have such high 
energy demand of aeration as required by aerobic 
biological systems [13, 14]. 
 
The use of conventional anaerobic tank digesters under 
mesophilic range of temperatures (30-40°C) to treat 
POME is characterized by long residence times, often 
it is more than 20 days to achieved chemical oxygen 
demand (COD) reduction at least 70%. Much better 
results are reported when two-stage anaerobic digester 
is used. The first stage is used for acid formation and 
the second stage is used for methane fermentation. 
 
Experiments with conventional anaerobic tank 
digesters under thermophilic range of temperatures 
(50-60°C) result in higher than 90% of COD reduction 
with hydraulic retention time (HRT) above 10 days. 
Higher biogas yield in thermophilic digestion system 
compared to mesophilic can be achieved in much 
shorter time and the concentration of methane in biogas 
is higher as well.  
 
The sulphate reducing bacteria are responsible for the 
production of H2S in biogas. Their importance in 
breakdown of organic polymers in anaerobic digestion 
is not fully understood but they have been shown to be 
present in anaerobic processing POME. For digesters 
treating POME at mesophilic temperatures about 105 
bacteria can be detected in a ml of anaerobic liquid. In 
digesters working at thermophilic temperatures only 

101 - 102 bacteria were detectable. That represents a 
reduction of approximately 1000 times in number of 
these bacteria in the digester. This finding has 
important implications in the utilization of biogas for 
generating electricity by the gas engine system or 
microturbine system where low concentration of the 
highly corrosive H2S in biogas is desirable. 
 
Bearing in mind that the temperature of POME at 
discharge is between 45 and 60°C, current anaerobic 
treatment practice using the mesophilic systems 
requires a lagoon and cooling tower for cooling the 
wastes. The need of cooling may be eliminated by 
opting for the thermophilic process. In addition to this, 
the relatively low heating requirement under tropical 
conditions makes thermophilic digestion an attractive 
alternative. 
 
The application of modern high rate anaerobic digester 
technologies such as up-flow or down-flow filters, 
fluidized beds, up-flow anaerobic sludge blanket 
(UASB) systems or up-flow floe digesters for the 
disposal of POME is rare. Some bench-scale 
experiments have reported COD removal efficiency 
over 90% in very short hydraulic retention time and 
high loading rates, but these systems required perfect 
control system in order to achieve stable conditions in 
reactor. For more details see Table 4. 
 
 

4. EMISSION REDUCTION 
 
In present time, methane from open digesting lagoon 
system releases a large amount of methane (CH4), one 
of the greenhouse gases, into the atmosphere as the by-
products of anaerobic digestion of POME in open 
lagoon system. Since methane is a green house gas, 
which is 21 times stronger than CO2, the large emission 
reduction can be achieved with close anaerobic 
digestion of POME. The emission reduction can be 
calculated as:  

 

 

 
CPOp =CPOy FFBr⋅  

where: 

CH4e = reduction of emission equal to tons of CO2  

m 

O production [ton] 

 / ton of FFB]  

production 

  /   ]m of POME ton of CPO   

44 4e = CPOp  density GWP(CH )CH p b c CH⋅ ⋅ ⋅ ⋅ ⋅

per annu

 
CPOp = CP
 
CPOy = CPO yield [ton of CPO
 
FFBr = FFB received by mill [ton / year] 
 
p = POME  yield in CPO 

3[
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b = biogas yield from POME 

]  3 3[   /   m of biogas m of POME

 

than CO2)  

rom fossil fuels, which are replaced by 
ethane in order to generate electricity and steam for 

rocess in palm oil mill. Emission from transportation 

own the potential of 
iogas yield from POME, in present time just few tank 

obic digeste ing. As one of 
gnificant reaso uation it is 

fic attention because 
f its potential to be successfully used in a closed tank 

h Institute 
alaysia, 1 m  biogas has the potential to generate 

d generate over 
W of electricity from POME. 

d for covering energy 
emands in Sumatra and could increase electrification 

 reduce air pollution especially in 
umatra where the concentration of palm oil mills is 

able 1.  Land planted [ha] to oil palm in Sumatra by province and in Indonesia 

  Year   

c = methane fraction in biogas 
3 3

4[   /   ]m of CH m of biogas  

 

GWP (CH4) = 21, (a green house gas 21 times stronger 

 
 
 In the calculation, there is not included emission 
reduction f
m
p
of FFB is not included as well, since the transportation 
of FFB is from a distance longer than 100km is 
physically impossible so that the emission from 
transportation could be negligible. 
 
 

5. CONCLUSION 
 

lthough many researchers had shA
b
anaer rs have been work

ns of the present sitsi
recognize the low price of electricity that is sold to a 

wheel net in Malaysia and Indonesia. As another 
important fact weak support for ecological projects in 
these countries can be mentioned. 
 
Palm oil mill effluent gains scienti

 
 

o
anaerobic digester to generate electricity and steam for 
palm oil mill process. Especially challenging is the 
ability of a close tank anaerobic digester to reduce the 
time of treatment POME from 120 days in open 
anaerobic lagoons to approximately 10 days. 
 
According to the reports of Palm Oil Researc

3M
approximately 1.8kWh, which is about 25% power 
generation efficiency of its heat value. 
   
In general average palm oil mill coul
1M
 
Generated electricity could be use
d
ratio in the society.  
 
It could significantly
S
high. For average palm oil mill in Indonesia with 
production 70 000 tons of CPO per year, the emission 
reduction could be over 40 000 tons of CO2 per year. 
 

 
 
 
T

 1997 2000 2001 2002 

Pl e ac [ha] [ha] [ha] [ha] 

Aceh 1  2  2 2  76 500 188.25 2132.5 22389

Nor tra th Suma 584 700 650530 652880 654511 

West Sumatra 130 200 188015 191515 193765 

Riau 522 500 769804 788844 803951 

Jambi 195 400 286910 301307 320047 

Sou tra th Suma 247 100 341869 360510 370160 

Bengkulu 60 400 73944 74944 78799 

Lampung 61 100 103120 107120 108120 

To a 1tal Sumatr 977900 2414192 2477120 2751742 

Total Indonesia 2 515 800 3769609 3974337 4116646 
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able 2. Amount of wastewater from typical palm oil mill in Indonesia 

Process Quantity [ton] per ton of  oil Quantity [ton] per ton of FFB 

T

Sterilizer condensate 0.9 0.12 

Clarif udge ication sl 1.5 0.5 

H  ydrocyclone washing 0.1 0.05 

Total 2.5 0.67 

 
 
 
 

able 3. Properties of POME [14] 

Parameter Range Average Effluent standard *) 

 
T

pH 3.3 – 4.6 4.1 6 - 9 

BOD 8 200 – [mg/l] 21 ]  35 400  300 [mg/l 250 [mg/l] 

C  15 100 mg/l] 35 0 g/l] 50 l] OD  – 65 000 [ 00 [m 0 [mg/

Total solid 16 600 – 94 100 [mg/l] 46 200 [mg/l] - 

Total su d solid spende 1 300 – 50 700 [mg/l] 21 200 [mg/l] 300 [mg/l] 
*) Indon nal Standa /1991) 
 
 

able 4. Results of some bench-scale experiments with anaerobic treatment of POME 
Type of digester Temperature 

[°C] 
HRT 
[days] 

COD red. 
[%] 

BOD red. 
[%] 

Methane 
[%] 

Biogas yield 
[l per g COD red.] 

esian Natio rd (No. 03/MENKLH/11

 
 
 
T

 32 14 50.5 50.6 53 0.19 
 32 21 58.6 57.2 56 0.25 
 32 25 73.3 90.8 58 0.67 
 32 30 74.3 94.9 58 0.50 

Tank digester 32 35 82.1 97.4 59 0.63 
single stage 32 50 85.1 97.7 62 0.58 

(batch feeding) 32 75 88.2 98.2 60 0.57 
 32 100 90 98.6 64 0.56 
 55 5 70.6 72.9 59 0.21 
 55 15 93 93.8 65 0.22 
 55 25 95.2 95.3 67 0.30 

  55 35 95.6 95.7 68 0.37 
Tank digester 1  32 +10 63.9 75.3 60 0.44 

two stage 1  32 +20 67.3 90.8 61 0.75 
(batch feeding) 32 1  +30 74.1 91.3 57 0.98 

USAB two stage 35 0.9 >90 - 73 0.45 
USAB digester 
with anaerobic 

filter 

35 3.5 92.3 - 92.3 0.36 

U  p flow anaerobic 35 6 91 - 62 0.69 
digester 35 10 93 - 61 0.78 

 35 15 94 - 63 0.79 
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Figure 2. Palm oil mill residue 
 

 
 

 
 

Figure 3. Proposed schema 
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