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t is a well-known fact that millers are 
making great efforts to raise the mill 
oil extraction rate (OER) so that they 

can squeeze maximum oil from their fresh 
fruit bunches (FFB).  But we have to  ac-
knowledge that the yield will not simply 
jump up many folds by the use of a magic 
wand as many factors are involved in con-
juring such a feat as is the case with any 
agricultural product. As the oil content of 
the fruit cannot be increased by the process-
ing industry, it can strive to reduce the oil 
losses to some extent even though com-
plete recovery of the residual losses are 
well nigh impossible due to the constraints 
imposed by mechanical extraction proc-
ess. Solvent extraction processes used for 
soyabean extraction has been successfully 
tried on palm mesocarp fibre with promis-
ing results. Since this is not encouraged by 
some environmentalists, the multi-wash 
system developed by MPOB would be a 
better alternative to the solvent extraction, 
as it would not upset anyone. Whatever the 
method employed there is ample evidence 
to show that it is possible to recover a mini-
mum of 2 kg (0.2%) of oil per tonne of FFB 
processed from the mesocarp fibre. This is 
indeed a great achievement in terms of RM 
generated.

This is not the end of the story. The emp-
ty fruit bunch (EFB) generally carries with 
it about 6 kg of oil per tonne  of FFB even 
though this loss is down played by most 
mills. Some of them even choose to ignore 
this loss as it is difficult to analyze it with  
a reasonable degree of accuracy. The sam-
pling method itself has a number of flaws 
like picking one bunch from every 200/300 
bunches moving  along a conveyor chain. 
From such hand-picked bunches, small 
pieces are cut out, quartered many times 
and then a sample is taken as the represent-
ative one. In the absence of any other meth-
od of sampling,  this method still appear 
to be prevailing. Some mills carry out this 
exercise once a year and use it for all com-
putations throughout the year. It is there-
fore not a great surprise if in some cases 
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CALL FOR ARTICLES
The millers are requested to send in articles of relevance to the palm oil industry in Malaysia for publication in Palm 
Oil Engineering Bulletin. By sharing your expertise you will be helping the industry and the nation as a whole. The 
topics of interest are:

1.  Plant modifications done in your mill that resulted in improvements in milling operation or maintenance.

2.  Innovations done in your mill that produced improvements in the operation of the mill and that you are willing 
to share them with others.

3.  Any special work done in your mill that directly resulted in improvements in OER and product quality.

Please submit your article to us and we shall be pleased to publish them in Palm Oil Engineering Bulletin. Feel 
proud to have your articles published in this Bulletin that is circulated throughout the industry and MPOB offices 
worldwide.

the actual losses exceed the reported figures. 
Nevertheless, now many mills are shredding 
bunches for squeezing out of the oil amount-
ing to approximately 2 kg t-1 of FFB. Some 
wax and gum may also find their way to the 
crude palm oil (CPO) but they are not signifi-
cant enough to foul up the oil.

Continuing the story further, let us look 
at the sludge water that carries with it about 
4.5% to perhaps even 6% residual oil. Let us 
take the conservative figure of 4.5%. Here it 
is difficult to recover  the oil as some of the 
oil lost is still within the cell, which have not 
been ruptured and free oil is not visible to set 
up a system for its separation. There is no ef-
fective method to retrieve this oil but there is 
a technology now available invented by an 
Australian company called Cavitus (and prob-
ably other companies as well)  that ruptures 
the cells using cavitations generated by ultra-

sonic waves to release the oil from the cells. 
This is a new technology and the claimed 
recovery from a palm oil mill sludge stream 
is  around 2.3 kg t-1 of FFB based on an actual 
trial conducted in a palm oil mill. The figure 
was obtained by subtracting the oil content in 
the ultrasonically treated sludge in the final 
discharge of the sludge water ex-centrifuge, 
from the oil content of untreated sludge at the 
same point.

Now when all the three recoveries are add-
ed up, they amount to a whooping 6.3 kg  t-1 
of FFB or 0.63 % of oil  to FFB. If the total FFB  
processed in the country is 88 million tonnes, 
then the additional oil  recovered is 554 400 t 
valued at RM 2 billion!(based on the current 
price of CPO at RM 3700 t -1). This appears too 
good to be true but with good operating prin-
ciples and management, this is a reality. Can 
any one sleep in comfort when they realize 
that every second oil is draining away from 
the nation’s coffers?    
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Recent  Events Contributed by: Noor Asmawati Abd Samad*

* Malaysian Palm Oil Board, P. O. Box 10620, 50720 Kuala Lumpur, Malaysia.

Mini TOT Seminar 2010
A mini Transfer of Technology  (TOT) Seminar 
was organized by MPOB on 11 October 2010 at 
Kota Kinabalu, Sabah. It was officially opened 
by Tan Sri Bernard Dompok, Minister of Planta-
tion Industries and Commodities. Also attended 
were Datuk Raymond Tan, Industry Develop-
ment Minister, Sabah  and Datuk Dr  Mohd Basri 
Wahid, the then Director-General of MPOB. The 
Seminar attracted 300 participants.

The TOT Seminar is a strategic forum that 
serves to disseminate MPOB’s  new research 
findings and latest technologies as well as prod-
ucts and services for adoption and commerciali-
zation by the industry and business exploration. 
The new technologies, developed through re-
search and development, is intended to contrib-
ute to the advancement of  the palm oil industry. 
Industry players, including smallholders, may 
make use of these new technologies to raise their 
productivity. 

The Minister also launched three publica-
tions entitled Further Advances in Oil Palm Re-
search (2000-2010); MPOB Pilot Plants and Labora-
tory Facilities and Paraquat: Asset or Liability.
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Launching of Sustainable 
Palm Oil Co-operative

The first landmark Sustainable Palm Oil Co-op-
erative comprising of independent smallhold-
ers from Sabah, made its maiden debut in Ma-
laysia on 13 October 2010 at Tongod, Sabah. It 
was launched by Tan Sri Bernard Dompok, the 
Minister of Plantation Industries and Commodi-
ties. The launching was also witnessed by Dato’ 
Seri Utama Shahrir Abdul Samad, Chairman of 
MPOB; Datuk Dr Mohd Basri Wahid, the then 
Director-General of MPOB and Mr M Nagara-
jan, Under Secretary of Vegetable Oils, Fats and 
Sago Industries Development Division, Ministry 
of Plantation Industries and Commodities.

On 1 December 2010 at Saratok, Sarawak, 
Dato’ Seri Utama Shahrir Abdul Samad, Chair-
man of MPOB launched the second co-operative 
on behalf of Tan Sri Bernard Dompok, Minister 
of Plantation Industries and Commodities. Haji 
Idris Omar, Director of Integration Research and 
Extension Division, MPOB  were present for the 
occasion. About 500 participants participated in 
the launching. 

 
The third co-operative was launched on 

13 December 2010 at  Kunak in Sabah. It was 
launched by Datuk Philips Lasimbang, political 
secretary to Tan Sri Bernard Dompok, Minister 
of Plantation Industries and Commodities on 
behalf of the Minister.  Dato’ Seri Utama Shahrir 
Abdul Samad, Chairman of MPOB and Haji Id-
ris Omar, Director of Integration Research and 
Extension Division, MPOB participated the 
launching ceremony. The event attracted about 
500 participants.  

The  fourth Sustainable Palm Oil Co-operative 
was established on 20 December 2010  at Jasin, 
Melaka by Dato’ Seri Utama Shahrir Abdul Sa-
mad, Chairman of MPOB on behalf of Tan Sri 
Bernard Dompok, Minister of Plantation In-
dustries and Commodities. Haji Idiris Omar, 
Director of Integration Research and Extension 
Division, MPOB also attended the occasion. The 
event was attended by about 200 participants.

The objective of the co-operatives is to group 
the independent oil palm smallholders in a clus-
ter to facilitate them to increase their productiv-
ity through good agricultural practices and at 

the same time improve the quality of the fresh 
fruit bunches.  This is to help the smallholders 
to increase in their  income within the sustain-
ability guide-lines.
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Introductory Course on 
Oleochemicals 

The Introductory Course on Oleochemicals 
(ICOC) conducted on 27 October 2010 at MPOB 
Head Office, Bangi, Selangor,  was officially in-
augurated by Datuk Dr Choo Yuen May, the new 
Director-General of MPOB. The Course was the 
first one of its kind to be organized by MPOB 
and it is targeted to become a regular feature in 
MPOB’s training programme. Forty-seven local 
and foreign participants attended the course.

 ICOC will become the platform for partici-
pants to learn new technologies related to oleo-
chemicals downstream products and services. In 
addition, the Course is also  a platform for par-
ticipants to exchange knowledge amongst each 
others on the latest technology and development 
in the oleochemical downstream activities. 

National Seminar on Oil Palm 
Mechanization (PalmMech) 

2010
This Seminar was held on 22 - 23 November 
2010 in  Kuala Lumpur. It  was officiated by  Tan 
Sri Bernard Dompok, Minister of Plantation In-
dustries and Commodities.  Dato’ Seri Utama 
Shahrir Abdul Samad, Chairman of MPOB and 
Datuk Dr Choo Yuen May, Director-General of 
MPOB also attended the Seminar.  About 400 
participants took part in this Seminar with the 
captivating theme Geared for Full Throttle. 

The Seminar is geared towards promoting 
the extensive use of mechanization in the oil 
palm industry. Mechanization is one of the fac-
tors under the framework of productivity that 
play a role in boosting the increased labour out-
put and efficiency - resulting in higher produc-
tivity in the oil palm plantations.
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Annual Dinner and Award 
Presentation 2010

The function was held on 15 December 2010 at 
Putrajaya Marriott Hotel at Putrajaya. Tan Sri 
Bernard Dompok, Minister of Plantation Indus-
tries and Commodities; Dato’ Seri Utama Shahr-
ir Abdul Samad, Chairman of MPOB;  Datuk Dr 
Choo Yuen May, Director-General, MPOB and 
Datuk Wira Ismail Saleh, Secretary General of 
Ministry of Plantation Industries and Commodi-
ties graced the function which was also attended 
by about 700 guests and staff.

The project, Cosmetic and Personal Care Re-
search for Effective Delivery led by  Rosnah Ismail 
who was awarded the  Anugerah Kecemerlangan 
Sains Piala Pusingan Ketua Pengarah 2010, while 

Haji Hashim Mohd Zain was awarded the 
Anugerah Kecemerlangan Pengurusan Piala Pusin-
gan Ketua Pengarah 2009 for his project entitled 
Portal MPOB: www.mpob.gov.my  

Thirty-nine publications were given awards 
for the best publications but the publication en-
titled Effectiveness of Tocotrienol-rich Fraction Com-
bined with Tamixifen in the Management of Woman 
with Early Breast Cancer: A Pilot Clinical Trial by 
Dr Kalanithi Nesaretnam was chosen as the 
overall winner. Dato’ Seri Utama Shahrir Abdul 
Samad, presented the awards.

During the event, the Minister presented the 
Palm Oil Industry Awards to the 27 companies 
and individuals from various sectors of the palm 
oil industry. The recipients were selected based 
on their performance and contributions to the 
development of the industry.        

Presentation of Diploma Certificates for IDOPMT 2010
The presentation of diploma certificates for the 12th Intensive Diploma in Oil Palm Management & Tech-
nology (IDOPMT) course was held on 23 December 2010 at the Equatorial Hotel, Bangi. Haji Ahmad 
Sidek Stroo, Acting Deputy Director-General (Services) awarded the diploma certificates to 34 partici-
pants from various local and foreign agencies.  About 100 participants and family members participated 
in the event.

Since IDOPMT started in 1999, a total of 293 participants from 13 countries have attended such as 
Angola, Nigeria, Colombia, Sudan, Myanmar and Thailand.
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2011 MPOB TRAINING PROGRAMME SCHEDULE

CODE 
NO.

TITLE DATE VENUE

A COURSES
1 OIL PALM

Kursus Kemahiran Menggred Buah Sawit
Bil. 1: Wilayah Tengah  7 – 9 Jun  *
Bil. 2: Wilayah Utara 21 – 23 Jun  *
Bil. 3: Wilayah Selatan   19 – 21 Apr  *
Bil. 4:  Wilayah Timur 10 – 12 Mei  *
Bil. 5: Wilayah Sabah/Sarawak 26 – 28 Apr  *
Peperiksaan Bil. 16 Sabah September*  *
Peperiksaan Bil. 17 Semenanjung  Oktober*  *

A1.2 Intensive Diploma in Oil Palm Management 
& Technology (IDOPMT)
Semester I
Estate Attachment
Semester II
Estate Attachment
Semester III

 17 Apr – 6 May
7 – 17 May

18 May – 15 Jun
16 – 26 Jun

27 Jun – 16 Jul 

MPOB HQ
*
*
*
*

A1.3 Kursus Operator Mekanisasi Ladang
Tahap 1 dan 2

Tahap 1 dan 2

 
Mac – Ogos

Sept – Feb 

PULAPES, 
Keratong

PULAPES, 
Keratong

A1.4 Kursus Pengurusan dan Penyelenggaraan 
Tapak Semaian Sawit
Bil. 1: Wilayah Sabah 15 – 16 Mac *
Bil. 2: Wilayah Selatan 12 – 13 Apr *
Bil. 3: Wilayah Timur  12 – 13 Jul *
Bil. 4:  Wilayah Sarawak  27 – 28 Sep *

2 PALM OIL
A2.1 Diploma in Palm Oil Milling Technology  

and Management (DIPOM)
Semester I 
Semester II
Semester III
Exam. Semester III

16 – 18 Jul
6 – 15 Sep
10 – 19 Oct
28 – 29 Nov 

MPOB HQ
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Note: *To be confirmed.                     

For enquiry or further information, please contact:

HRD & Conference Management Unit
Tel. No.  :   03-8769 4400 ext. 4865, 4867
Fax No.  :  03-8925 7549
E-mail  :  rubaah@mpob.gov.my
MPOB’s website  :  www.mpob.gov.my

2011 MPOB CONFERENCES/SEMINARS

All information are correct as at press time.

A2.2 Margerine Course 21 – 23 March *
A2.3 The 25th MPOB Oil Palm Products 

Surveying Course

The 23rd  MPOB Oil Palm Products 
Surveying Examination

23 – 27 May

28 – 29 July 

*

 *

A2.4 Kursus Penyelia  Kilang Minyak Sawit 
Peperiksaan 

13 – 17 Jun
21 Jul

 MPOB HQ
 

A2.5 Kursus  Pengendali Makmal Kilang Minyak 
Sawit
Peperiksaan

18 – 25 Jul

26 – 27 Jul

MPOB  HQ

A2.6 Cosmetic Course 23 – 26 May MPOB HQ

A2.7 Introductory Course on Oleochemical 
Chemistry (ICOC)

3 - 6 Oct MPOB HQ

B CONFERENCES/SEMINARS
1. Palm Oil Economic Review and Outlook 

Seminar 2011 
25 Feb Seri Pacific 

Hotel, KL
2. POIC Seminar 1 March Sutera Harbour,

Kota Kinabalu, 
Sabah

3. PAC Seminar 8 Apr MPOB HQ
4. TOT Seminar 23 Jun MPOB HQ
5. GSAS Seminar  24 Jun MPOB HQ
6. National Seminar on Biogas and Palm Oil Mill 

Effluent Treatment 
7 – 8 Jun Promenade 

Hotel, 
Kota Kinabalu, 

Sabah
7. 2nd International Conference on Tocotrienols and 

Chronic Diseseas 
13 – 14 Jul Wynn, 

Las Vegas 
8. International Conference on Oil Palm and the 

Environment 
28 – 29 Oct Kuala Lumpur

9. PIPOC 15 – 17 Nov KLCC,
Kuala Lumpur
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Feature  Article

F

* Malaysian Palm Oil Board,
 P. O. Box 10620, 50720 Kuala Lumpur, 

Malaysia. 

ABSTRACT

uel is vital in palm oil industries 
to produce steam for electric power 
generating and heating purposes. 

Biomass and biogas have been widely utilized 
in palm oil mills as fuel for renewable energy 
whereas downstream industries still heavily 
depend on the fossil fuel  as the boiler fuel. 
Complete combustion is hardly achievable 
even with excess of air which also causes drop 
in  gross thermal efficiency. The phenomenon 
of combustion shows that volatile fuel such as 
methane captured from anaerobic pond is more 
flammable than solid fuel such as press fibre and 
shell.

INTRODUCTION

Fuel is a combustible substance used as a 
source of energy. Natural fuel is known as 
main fuel which could be classified as solid, 
liquid  or  gas fuel. Fuel derived from natural 
fuel via chemical pre-treatment process to 
change the fuel from one state to another 
is known as secondary fuel. Palm oil mills 
utilize a mixture of press fibre and shell as 
boiler fuel to produce   steam for driving the 
steam turbo alternator to generate electric 
power and  the exhaust steam is used to 
sterilize fresh fruit bunches.  Downstream 

Fuel and Combustion Theory for Palm Oil 
Industries

Andrew Yap Kian Chung*

palm oil industries utilize petroleum fuel 
as boiler fuel to generate steam mainly for 
heating purposes. The steam condensate is 
usually recycled as boiler feed water.

THE FUEL

There are two type of fuel used in palm oil 
industries which are fossil fuel mainly diesel 
and biomass which is available  in palm 
oil mills. Mills generate large quantities 
of liquid waste known as palm oil mill 
effluent (POME) with average  biological 
oxygen demand (BOD) of 29 500 mg litre-1. 
POME is treated by anaerobic fermentation 
in the anaerobic pond followed by aerobic 
fermentation in the aerobic pond before the 
waste water could be discharged according 
to the Department of Environment (DOE) 
requirements. Lately more stringent 
requirements proposed by DOE have 
driven the study of tertiary treatment of the 
effluent.

Recent issues associated with energy 
savings, reduction of greenhouse gas (GHG) 
emissions and carbon footprint of palm 
oil production over the whole value chain 
have triggered attention on the methane 
generated during anaerobic digestion and 
its free emission into the atmosphere. The 
biogas was found containing about 65% 
methane, 35% carbon dioxide and trace 
amount of hydrogen sulphide in a study 
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using a controlled closed bioreactor with 
complete anaerobic conditions. About 0.675 
m3 of POME per tonne FFB is generated in 
a conventional  palm oil mill and about 28 
m3 of biogas is produced for every cubic 
meter of POME treated. Thus, theoretically 
the total wasted methane contains a good  
amount of energy for a power plant with 
capacity proportional to the quantity 
of fresh fruit bunches processed. The 
renewable energy so generated will  comply 
with clean development mechanism 
(CDM). Commercially offered biogas 
technologies are available at present with 
investment cost of RM 2 million to RM 10 
million depending on the capacity, primary 
effluent set up and available infrastructure 
at the mills.

Calorific value is the amount of heat 
unit generated from one weight unit or gas 
volume unit of fuel in complete combustion. 
Table 1 shows the calorific value of various 
fuels.

THE COMBUSTION

Combustion is a sequence of exothermic 
fuel oxidation reactions producing heat 
and light in the form of either glowing 
or a flame. Stoichiometry equation is a 
balanced chemical equation for complete 
combustion of reactants without excess  air 
in the product of combustion. Practically 
complete combustion is hardly achievable 
even with excess of air. Partial combustion 
is burning off part of the fuel indicated 
as the rate of disappearance related with 
part of the unburned fuel thus cause loss 
of energy. The essentials of combustion is 
the existence of fuel, oxygen and source 
of flaming energy to provide adequate 
activation energy. Rate of reaction could be 
described as Arrhenius equation as shown 
below (Wikipedia, 2010).

v = Ce 
-E
RT (1)

 
where v is the rate of reaction, C is the 
frequency factor, E is the activation energy, 

R is the gas constant and T is the absolute 
temperature.

Liquid fuel will be ignited only at 
temperature above the fuel flash point 
because combustion of a liquid fuel happens 
only in the gas phase. The flash point of 
a liquid fuel is the lowest temperature at 
which there is enough evaporated fuel in 
the air to form an ignitable mixture. Thus, it 
is the vapour but not the liquid that burns. 

Solid fuel combustion consists of three 
relatively distinct but overlapping phases. 
When fuel and oxygen mix at ambient 
temperature initially, the rate of fuel 
oxidation is too slow to cause combustion. 
During pre-heating phase external heat 
energy is provided into the system, the 
temperature will rise until heat into the 
system is equal to the heat emitted from 
the  system. Further provision of external 
heat energy cause the system to generate 
heat but heat emitted from the system is 
greater than the heat generated until the 
temperature rise to the flaming point when 
the heat generated from the system is 
equal to the heat emitted from the system. 
In the distillation phase, gas combustion 
occurs automatically without the need of 
additional external heat energy and the heat 
generated from the system is greater  than 
the heat emitted from the system. Heat is 
accumulated until the gas temperature rise 
to the combustion point when continuous 
combustion occurs. When the  fuel or 
oxygen is depleted, heat generated from 
the system reduces to less than the heat 
emitted from the system. The combustion 
ends with the  charcoal phase when the 
charred fuel does not burn rapidly anymore 
but just glows and later only smolders. The 
temperature will eventually reduce back to 
ambient (Normah and  Zaini, 1991).

The phenomenon of combustion shows 
that volatile fuel such as methane captured 
from anaerobic pond is more flammable 
than solid fuel such as press fibre and shell. 
Steady combustion is a continuous fixed 
velocity combustion usually involving solid 

[   ]
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TABLE 1.  DRY BASIS CALORIFIC VALUE OF VARIOUS FUELS

Fuel type
(solid and liquid)

Range
 (kJ kg-1)

Average calorific value
(kJ kg-1)

Root 64 260 - 65 856 65 302
Frond 64 680 - 66 990 66 020
Palm oil mill effluent (POME) 67 620 - 74 130 71 366
Trunk 71 400 - 74 760 73 378
Empty fruit bunch (EFB) 75 600 - 83 664 78 939
Palm kernel cake 79 296 - 79 359 79 313
Fibre 78 960 - 82 236 80 031
Shell 81 900 - 87 150 84 391 
EFB liquor 86 381 - 87 776 87 142
Nut 101 913 - 104 286 102 820
Kernel oil 159 377 - 159 961 159 705
Crude palm oil 165 186 - 165 417 165 312
Petroleum diesel 45 289 - 45 583 45 436
Anthracite (coal) - 32 672
Bituminous (coal) - 32 210
Lignite (coal) 21 000 - 25 679 23 339
Wood - 19 837
Peat - 18 728
Fuel type (gas) Range

 (kJ kg-1)
Average calorific value

(kJ kg-1)
Propane (C3H8) - 94 210
Ethane (C2H6) - 64 680
Natural gas 36 221 - 41 542 38 884
Methane (CH4) - 37 195
Biogas from POME 19 568 - 22 075 20 068
Hydrogen (H2) - 11 962
Carbon monoxide (CO) - 11 890

fuel where air is supplied at a fixed velocity. 
Gas fuel combustion usually is not steady 
or explosive because gas fuel molecule and 
oxygen molecule are close to each other.

There are four combustion mechanisms 
when fuel is burnt in atmosphere namely 
diffusion, evaporation, decomposition and 
surface combustion. Diffusion combustion 
involves gas  molecule and air molecule 
diffusion causing them to mix and form 
flame when the concentration of the gas 
reaches flammable limit for continuous 
combustion.

Evaporation combustion involves 
burning of vapour generated from the 

evaporation of liquid fuel. The flame heat 
up the liquid surface and increases the 
evaporation rate further.

Decomposition combustion occurs when 
solid fuel or high boiling point liquid fuel 
is burnt and the flame decomposes the fuel 
further in the continuous combustion.

Surface combustion form carbonization 
due to the thermal decomposition by 
smoldering on the surface of the solid fuel.

Gas fuel and air mixture is not flammable 
if it contains too little or too rich  fuel. The 
range of the mixture ratio limit to enable 
combustion is known as flammable limits 
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that consists of upper limit where the 
mixture is rich with fuel and lower limit 
where the mixture  lean.

Combustion velocity, S is the ratio of 
volume of combustible gas per unit time, V 
to the surface area of flame, A which could 
be written as S = A

V . The flame stability could 
be determined from the interaction of flame 
and fuel flow in burner where fuel move 
up with certain velocity in the burner and 
flame should move down with the same 
velocity. If the fuel flow up faster than the 
flame, flame lift will occur whereas if flame 
move down faster than the fuel, back fire 
will occur in the burner.

Diffusion flame is formed when fuel and 
oxygen are not pre-mixed before entering 
the reaction zone. The combustion rate is 
determined by the oxygen-fuel mixing rate 
and reaction occurs in the area of the flame 
with maximum temperature. Pre-mixed 
flame is formed when the oxygen-fuel 
mixture is readily available before entering 
the reaction zone. The combustion rate is 
dependant on the energy releasing and 
oxidation reaction rate.

Air consisting of about 21% v/v oxygen 
and 79% v/v nitrogen is the main source of 
oxygen in the combustion. The molecular 
weight of air, x could be determined as 
follow:

[79 x (14 x 2)] + [21 x (16 x 2)] = 100x → x 

= 
100
2884 = 28.84 

Thus x ≈ 28.9 with consideration of trace 
elements contain in the air. At standard 
pressure and temperature, 1 kg of any gas 
having 22.4 m3 of volume. Thus, the air 
density, ρ = 1.290 kg m-3. 

EQUILIBRIUM GAS MIXTURE 
COMPOSITION

System is unlikely to change spontaneously 
at equilibrium. Equilibrium composition 
depends on temperature, pressure and 

relative amount of type of atom present. 
Equilibrium composition and temperature 
in constant pressure combustion could be 
determined based on the mass and Energy 
Conservation Law, Chemical Equilibrium 
Law and combination of Dalton with 
Avogadro Law with state equations for gas 
phase. As an example, consider the constant 
pressure combustion of carbon monoxide 
at temperature and pressure of 3000 K 
and 10 bar  respectively with equilibrium 
dissociation constant, kp = 0.327 for carbon 
dioxide at 3000 K as shown in the reaction 
equation:

   CO + 0.5O2 ↔ CO2 (2)

Since dissociation of oxygen molecule is 
unlikely to occur at 3000 K, assuming that 
the equilibrium mixture consists of CO, CO2 
and O2 with overall reaction as:

   CO + 0.5O2 → aCO + bCO2 + dO2 (3)

Chemical equilibrium yield:

kp = [Xco][Xo2]0.5 Pe
0.5

[Xco2]
 = nCO

Σnj
 
   nO2[       ] 0.5

   Σnj

Σnj

  nO2
 P 5.0

e

=
 

[nCO][nCO2]0.5 Pe
0.5

[nCO2] [Σnj]0.5

where Xi is mole fraction of i component, 
Pe is equilibrium pressure, ni is mole of 
reactant i and ∑nj is total mole amount of 
product. From reaction equation (3) at 
equilibrium stage, ∑nj = a + b + d. The mass 
balance of equation (3) yield:

carbon balance: 1 = a + b → b = 1 - a
oxygen balance: 1 + 2(0.5) = a + 2b + 2d → 
1 = 0.5a + b + d

Thus:

d = 1 – 1 + a – 0.5a = 0.5a
∑nj = a + 1 – a + 0.5a = 1 + 0.5a
0.327 = 

a[d]0.5 [10]0.5

b[a+b+d]0.5  = 
a[0.5a]0.5 [10]0.5

[1– a] [1+0.5a]0.5

0.106929 = 
5a3

[1– a]2 [1+0.5a]
= 5a3

0.5a3 – 1.5a + 1
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= 10a3

a3 – 3a + 2

9.893071a3 + 0.320787a – 0.213858 = 0

The complex cubic equation above could 
be solved by using appropriate numerical 
method such as Newton method. If a 
Casio scientific calculator model fx-570MS 
is available, the above function could be 
solved by the following operation:

9.893071 x {ALPA} [A] {SHIFT} [X 3] +0.320787 x 
{ALPA} [A]-0.213858{SHIFT} [SOLVE]

     This will produce a solution as 
a = 0.241987469 ≈ 0.242. Thus 
b = 0.758 and d = 0.121. Reaction equation 
(3) becomes:

    CO + 0.5O2 → 0.242CO + 0.758CO2 + 0.121O2

The solution above shows that complete 
combustion does not occur as shown in the 
stoichiometry equation (2) above. Based 
on a solid fuel sample with composition of 
74.1% C, 5.1% H, 1.35% N, 9.5% O, 0.95% 
S, 5.0% H2O and 4% ash, a few combustion 
parameters could be determined as shown.

THEORETICAL AIR REQUIREMENT

The stoichiometry equations for respective 
reaction are shown below:

C + O2 → CO2
H2 + 0.5O2  → H2O
S + O2 → SO2

Based on 1 kg of the solid fuel sample, then 
from the analysis on C 12

6 :

   12y = 0.741 x 32 → y = 
23.712

12  = 1.976 kg O 
16
8

From the analysis on H 1
1 :

   2y = 0.051 x 16 → y = 
2
816.0  = 0.408 kg O 

16
8

From the analysis on S 
32
16 :

   32y = 0.0095 x 32 → y = 0.0095 kg O 
16
8

Total oxygen requirement = 1.976 + 0.408 + 
0.0095 = 2.3935 kg

Theoretical oxygen requirement = oxygen 
required – oxygen contain = 2.3935 – 0.095
 = 2.2985 kg kg-1 fuel = 

2298.5
23  = 71.8281 mol O2

Since the oxygen contain in the air is 
23%w/w then theoretical air requirement, 
Y

23Y = 2.2985 x 100 → Y = 
229.85

23  
= 9.9934 

kg air = 9993.4
28.9  = 345.7924 mol air

At standard pressure and temperature, the 
theoretical air volume requirement is:

9.9934
1.290  = 7.7458 m3 kg-1 fuel

FLUE GASES ANALYSIS

If the solid fuel mentioned above is burnt 
completely with 50% excess air, then 
based on 100 kg of fuel, from the previous 

calculation, theoretical air requirement 

is 
1000

7924.345

 
x 100 = 34.58 kmol. Thus, 

actual air supplied is 34.58 x 150
100

 = 51.87 
kmol/100 kg fuel. Nitrogen contains in the 
supplied air is 51.87 x 0.79 = 40.98 kmol 
and the oxygen contained in the supplied 
air is 51.87 x 0.21 = 10.89 kmol. Since the 
theoretical oxygen requirement as obtained 
from the previous calculation is 7.18 kmol, 
excess oxygen in flue gas is 10.89 – 7.18 

= 3.71 kmol. Amount of carbon composition 

in the fuel is 74.1
12 = 6.175 kmol, hydrogen 

composition in the fuel is 5.1
2 = 2.55 kmol, 

sulphur composition is 0.95
32 = 0.0297 kmol 

Feature Article
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and moisture is 5
18 = 0.2778 kmol, oxygen 

composition is 9.5
32 = 0.2969 kmol and 

nitrogen composition is 1.35
28 = 0.0482 kmol. 

Table 2 shows the theoretical mass 
balance analysis for the flue gases. Since 
moisture formed during combustion is 
excluded from the flue gas analysis, total 
amount of the flue gases components from 
Table 2 is 6.175 + 3.71 + 0.0297 + 41.0282 
= 50.9429 kmol.

Thus, flue gas analysis for the solid fuel 
sample above yield the following result.

CO2
6.175

50.9429  x 100 = 12.1214%

O2
3.71

50.9429  x 100 = 7.2867%

SO2
0.0297
50.9429  x 100 = 0.0583%

N2
41.0282
50.9429  x 100 = 80.5376%

                     100.0000%

INCOMPLETE COMBUSTION

Complete combustion is an ideal case for 
theoretical study. In practice several factors, 
such as the limitations of the combustible 
space, proper mixing of air and fuel, air 
supply rate, etc. affect the combustion 
process, and it is found that incomplete 
combustion should be considered to occur 
in the boiler furnace. General carbon 
oxidation in incomplete combustion is 
shown in equation (4):

C + O2 → CO2 ∆H = 33 960 kJ/kg C 12
6

C + 0.5O2 → CO ∆H = 10 230 kJ/kg C 12
6 (4)

If the solid fuel mentioned above having 
calorific value of 31 400 kJ kg-1 is burnt and 
produce flue gas with composition of 12.0% 

CO2, 1.2% CO, 5.8% O2 and 81.0% N2, then 
the ratio of carbon form CO to the total 
carbon burnt is 1.2

1.2+12  = 0.0909 kg kg-1 C 
12
6 . 

Thus, combustion of 1 kg of the fuel which 
is 0.741 kg C 

12
6 , amount of carbon form 

CO is 0.741 x 0.0909 = 0.0674 kg kg-1 fuel. 
For every kg unit of carbon form CO, the 
heat energy loss is 33 960 – 10 230 = 23730 
kJ. Thus, the incomplete combustion cause 
energy lost of 0.0674 x 23 730 = 1599.402  kJ 
kg-1  fuel.

For the most efficient use of fuel its 
complete combustion is essential so that all 
heat which can be transferred for external 
use is available. Complete combustion need 
more than the theoretical amount of air 
but the unavoidable consequence of using 
excess air is a loss of sensible heat necessary 
to heat this air to the temperature of flue 
gases thus reducing the gain to some extent 
due to use of excess air (Mahesh Varma, 
1976).

HEAT RECOVERY FROM FLUE GASES

The heat that is taken away by the flue gases 
is a virtual loss for the practical utilization 
and may be considered to be made up of 
the following factors (Mahesh Varma, 1976):

• sensible heat gained by gases during 
combustion mainly CO2 and N2; 

• latent heat and sensible heat of steam 
formed from the fuel moisture contain; 

• latent heat and sensible heat of steam 
formed from hydrogen of the fuel; and

• sensible heat of excess air used for 
combustion.

The solid fuel sample mentioned above is 
burnt in the furnace of a boiler and produce 
flue gases with composition of 8.25% CO2, 
11.65% O2 and 80.10% N2. The flue gases 
are fed to an economizer to pre-heat the 
air before releasing to the atmosphere at a 
temperature of 483 K. The air is heated up 
from 288 K to 623 K. The specific heat Cp for 
air is 1.005 kJ kg-1 K, flue gases is 1.05 kJ kg-1 
K and steam 2.03 kJ kg-1 K.

Feature Article
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As shown in Table 2, 100 kmol of fuel 
contains 6.175 kmol C will produce 6.175 
kmol CO2 in complete combustion. The 
100 kmol of flue gases contain 8.25 kmol of 
CO2, thus amount of flue gases produced 
from the combustion of 100 kmol solid 
fuel is 6.1752

8.25
 x100 = 74.8485 kmol. Thus,  

the composition of flue gases is as shown 
below:

CO2 : 0.0825 x 74.8485 = 6.175 kmol 
= 271.7 kg

O2 : 0.1165 x 74.8485 = 8.7198 kmol 
= 279.0351 kg

N2 : 0.8010 x 74.8485 = 59.9536 kmol 
= 1678.7018 kg

Amount of dry flue gases = 1678.7018 + 
279.0351 + 271.7 = 2229.4369 kg/100 kg fuel.

From Table 2, total steam vapour contains 
in flue gases is 2.8278 kmol or 50.9004 kg. 
Flue gases produced is 2229.4369 + 50.9004 
= 2283.3373 kg/100 kg fuel. The analysis of 
nitrogen yield:

0.79u + 0.0482 = 59.9536
u = [59.9536 - 0.0482]/0.79 = 75.8296 kmol or 

2191.4760 kg (MW=28.9)

where u is the amount of air. The energy 
balance yield:

(T – 483)[(2229.4369 x 1.05) + (50.9004 x 2.03)] 
= (2191.4760 x 1.005) (623 – 288)

T = 737815.1823
2340.9087+103.3278 + 483 = 301.8592 + 483 

= 784.8592 K

where T is the temperature of flue gases at 
the feed of the economizer.

CONCLUSION

Power is the basic necessity for the 
operation and development of palm oil 
industries. Chemical reaction of carbon 
atom and hydrogen atom in fuel with 
oxygen usually from air during combustion 
release heat energy. Solid fuel needs to be 
heated until gas generated from the fuel 
mix with oxygen from air before continuous 
combustion could occur. Liquid fuel needs 
atomization to produce droplets with 
diameter less than 100 μm so that the liquid 
could be evaporated to produce vapour 
for combustion in pre-heat zone. Gas fuel 
is ready combustible. Wobbe number, W is 
defined as

Feature Article

TABLE 2. MASS BALANCE OF FLUE GASES ANALYSIS FOR 100 kg SOLID FUEL SAMPLE

Air and solid fuel sample                      Flue gas composition (kmol)
kmol   O2 

requirement
CO2 O2 SO2 N2 H2O

C 12
6 6.1750 6.1750 6.1750 - - - -

H 1
6 2.5500 1.2750 - - - - 2.5500

N 14
7 0.0482 0.0000 - - - 0.0482 -

S 32
6 0.0297 0.0297 - - 0.0297 - -

O 16
8 0.2969 0.2969 - - - - -

H2O 0.2778 0.0000 - - - - 0.2778
Ash - 0.0000 - - - - -
Air 51.8700 - 3.7100 - 40.9800 -

7.7766 6.1750 3.7100 0.0297 41.0282 2.8278
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W = GCV
√SG (5)

where GCV is gross calorific value of the 
fuel and SG is the specific gravity of the 
fuel. The specific gravity for air is 1.0 in the 
calculation of specific gravity for other gas 
fuel. Weaver flame speed factor is flame 
speed of gas fuel relative to the flame speed 
of hydrogen which is 100. Gas module, 
M needs to be determined to ensure the 
adequate pre-aeration of the gas fuel before 
is fed into the burner.

M = √P
W

(6)

where P is fuel gas supply pressure. Good 
combustion of fuel could only be achievable 
if appropriate Wobbe number of the fuel is 
obtained with suitable flame speed so that 
no lifted flame or flame strike back occur. 
Emissivity measures formation of carbon 
residue where emissivity is proportional 
to the residual carbon formed in the 
combustion.

Heat could be transferred via three 
mechanisms which are conduction, 
convection and radiation. Heat transfer 
of the respective mechanism, q could be 
calculated using formulas: 

Conduction
q = 

KOA[T1 – T2]
L

Convection q = KOA[T1 – T2]

Radiation q = Aεσ[T1
4 – T2

4] (7)

where KC is the thermal conductivity of 
the material through which the heat flow 
occurs, KO is convective heat transfer 
coefficient, ε is emissivity of non-black 
body ranges between 0 to 1 and σ is Stefan-
Boltzman constant, which law states that 
the amount of energy radiated by a black 
body is proportional to the fourth power of 
its absolute temperature (Mahesh Varma, 
1976).

NOMENCLATURE

Symbol Particular SI unit
A surface area of flame m2

C frequency factor Mol s-1

Cp specific heat J g K
E activation energy J mol-1

H enthalpy J g-1

KC thermal conductivity 
coefficient

J (s°cm)-1

KO convective heat transfer 
coefficient

J (s°cm2)-1

M gas module gN0.5 mJ-1

P fuel gas supply pressure N m-2

Pe equilibrium pressure N m-2

R gas constant J (mol.K)
S combustion velocity m s-1

T absolute temperature K
V volume of combustible 

gas per unit time
m3 s-1

W Wobbe number J g-1

Xi mole fraction of i 
component i

-

Y theoretical air 
requirement

g

kp dissociation constant -
i reactant component -
j product component -
n total mole amount mol
q heat transferred J s-1

v rate of reaction Mol s-1

x molecular weight of air g
y theoretical oxygen 

requirement
g

ε emissivity of non-black 
body [ranges 0 to 1]

-

σ Stefan-Boltzman 
constant = 5.67x10-8

J(s m2K4)

ρ density g m-3

GCV gross calorific value of 
the fuel

J g-1

SG specific gravity of the 
fuel

-
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CORRIGENDUM

Please note that on page 9 of the Directory of Technologies/Systems Providers for 
Palm Oil Mill Effluent (POME) Tertiary Treatment (published as a pull-out of the 

Palm Oil Engineering Bulletin Issue No. 96): 

a. The e-mail address in the advertisement by Green & Smart should read as 
greennsmart@gmail.com.

instead of

greensmart@gmail.com

The error is regretted.
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ABSTRACT

he decoring technology (patented by 
Loh, T W) revolutionizes the decades’ 

old palm oil milling process by utilizing 
spikelets/loose fruits rather than fresh fruit 
bunch (FFB)  as feed stock in the cooking/
sterilization process. The decoring machine 
and bucket decoring conveyor remove the core 
of the FFB thus producing a mixture of loose 
fruits, spikelets, stalk fibre, debris of organic 
matters and loose sand, etc. The spikelets are 
mildly cooked continuously for separation of the 
loose fruits from the stalk. Clean loose fruits are 
then sterilized in a continuous sterilizer using 
steam of about 0.68 barg (10 psig.) in less than 
18 min. Empty fruit bunch (EFB) and sterilizer 
condensate are eliminated. The sterilized fruits 
are then fed into conventional digesters. The 
digested fruit mash is first washed by very hot 
water to get rid of much oil and sludge therein. 
The nuts are removed before the nut-free fibre is 
fed into a screw press. By so doing, additional 
oil can be recovered thus boosting oil  extraction 
rate (OER).  Elimination of EFB and sterilizer 
condensate also would increase OER for the 
industry and it is a significant  monetary return 
for  the country. The decoring technology also 

FFB Decoring Technology Revolutionizes 
Palm Oil Milling Process
Loh Tong Weng* and Loh Thim Thak**

offers many other advantages and benefits such 
as saving more than 25% in capital cost in mill 
construction, lower operation and maintenance 
costs, lower power and steam consumption, and 
lower wastewater discharge. The oil-free stalk 
fibre and spikelets together with the excess press 
fibre are good source of organic materials for 
making compost, pulp and paper. 

INTRODUCTION

For more than four decades, the palm 
oil industry has been the same using old 
machinery for processing. The only big 
change is that the screw presses have 
replaced the hand presses and hydraulic 
presses. Lately, there is several patented 
machinery introduced into the industry. 
They are the continuous sterilizer, vertical 
sterilizer, tilting sterilizer, fixed inclined 
sterilizer and continuous sterilizer using 
crushed FFB. The advantage of these 
innovative works is that the FFB cages, 
railway lines and related machinery are 
eliminated. This trend is indeed very 
encouraging. 

FFB DECORING TECHNOLOGY

Figure 1 showed a flow diagram of the FFB 
decoring technology. The patented FFB 
decoring technology revolutionizes the 
palm oil milling process in that the bulky 
FFB is  devoid of  the main stalk (core) using 

* Wenglo & Co, 93 Jalan Bukit Bintang, 55100 Kuala 
Lumpur, Malaysia. 

** Best Steel Berhad, Lot 9683, Kawasan Perindustrian 
Desa Aman Batu 11, 47000 Sungai Buluh, Selangor, 
Malaysia. 
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a decoring machine producing a mixture of 
loose fruits, spikelets, debris of stalk fibre 
and other organic matters, and loose sand, 
etc. The main stalk fibre and other foreign 
materials are then removed by a vibrating 
bar grate. Only clean spikelets and fruits are 
further processed. As a result, a long list of 
machinery from the existing FFB hoppers 
to the fruit elevators before press station 
is made obsolete. Since clean fruits are 
processed, the de-sanding cyclones are not 
required anymore. 

Each spikelet weighs from 80 g to 280 g 
whilst the FFB weighs from about 1 kg to 50 
kg. This huge reduction in weight and size 
after decoring enables automation of the 
milling process a reality. The spikelets are 
continuously mild cooked in a mild cooker 
in order to detach the fruit from the stalk. 
The loose fruits obtained from the mild 
cooker are then sterilized continuously in a 
continuous sterilizer. The continuous mild 
cooking and sterilization of spikelets and 
fruits respectively ensure even cooking/
sterilization of the fruits resulting in even 
desiccation in nuts.  These nuts are therefore 
cracked with very high cracking efficiency. 
As a result, only dry pneumatic separation 
of the cracked mixture is sufficient. Hence, 
the hydro cyclones and clay baths are made 
redundant. 

The fully sterilized fruits are continu-
ously transferred from the sterilizer to the 
conventional digesters for digestion. There 
is no loss of condensate. The digested fruit 
mash is fed into a new washing system as 
shown in Figure 2 for reducing oil loss in 
press fibre instead of  straight into the screw 
presses as is done in the conventional meth-
od of milling process. After washing and 
separation, only well-washed and nut-free 
fibre is fed into screw press for pressing. 
Since there is no nut present in the fibre, a 
much higher pressure can now be applied 
at the screw press resulting in better oil ex-
traction and much reduced oil loss in the 
press fibre. As a result, the cake breaker 
conveyors (CBC), the pneumatic separation 
columns, fibre cyclone systems and the nut 

polishing depericarper drums are made re-
dundant. 

FFB DECORING MACHINE

The FFB decoring machine shown in Figure 
3  removes the FFB main stalks by cutting it 
into stalk fibre with a rotating taper cutter.  
In the FFB decoring process, all the mud, 
debris and sand etc. adhering to the FFB are 
loosened up.  The FFB <13 kg are decored 
in a bucket decoring conveyor while FFB 
>13 kg are decored by the FFB decoring 
machine. 
 

Figure 4 shows the decoring machine 
sizing and its principle.  The decoring 
machine is a very simple machine. It 
comprises a set of FFB centre chutes, a set 
of centre cum feeding mechanisms and 
a taper cutter.  The said centre chutes and 
feeding mechanisms are hinged at the top 
and spring loaded at the bottom. 

The feeding chutes and centre cum 
feeding mechanisms can automatically 
adjust themselves to accept FFB of different 
sizes by the action of the springs. 

All FFB > 13 kg automatically glide 
down the specially designed FFB feeding 
hoppers to the operators. These FFB are 
then manually directed into the opening 
of the centre chutes with stalk ends facing 
downwards. They fall down into the taper 
chutes first by gravity, and are then fed 
downward into the cutter by the feeding 
mechanisms. The taper shaped feeding 
chutes together with the spring loaded 
centre cum feeding mechanisms ensure 
that the FFB are firmly held while being 
decored. The centre of the FFB stalks and the 
cutter spike coincides perfectly bunch after 
bunch, without missing any.  The cutter 
spike works like a centre drill. When it is 
already in the stalk, it helps to hold the FFB 
in position while decoring is in progress.  
The decoring time for each bunch is very 
short as the taper cutter is very sharp and 
spinning at high speed of about 2000 rpm.
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Figure 1. Fresh fruit bunch (FFB) decoring technology flow diagram.

Figure 2. System for reducing oil loss in fibre.
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Legend:
1.  Fresh Fruit Bunches (FFB)
2.  FFB Ramp
3.  FFB feeding hoppers
4.  FFB decoring machine
5.  Operator
6.  Decored mixture conveyor

7.  Sorting belt conveyor
8.  Vibrating bar grate
9.  Spikelet+ some fruits
10.  Conveyor for stalk fibre + debris
11.  Totally Enclosed Screw Conveyor 

(TESC) for mild cooker
12.  Vibrating perforated plate

13.  Fruit conveyor
14.  Empty spikelet
15.  Sterilizer inlet augur conveyor
16.  TESC for sterilizer
17.  Sterilized fruits
18.  Sterilizer outlet augur conveyor
19.  Gate valve
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Figure 3. Fresh fruit bunch (FFB) decoring concept.

Figure 5 shows the results of decoring 
FFB.  They are some loose fruits, spikelets, 
stalk fibre, debris and loose sands, etc. Note 
that the fruits are shining and not damaged 
by the decoring process at all. 

DECORING MACHINE THROUGHPUT

Though the FFB feeding is semi-manually 
directed, each FFB decoring machine can 
decore at least 12 t hr-1  FFB as shown in 
Table 1. 

As the FFB decoring machine and the 
bucket decoring conveyor are modular in 
nature, any mill designed throughput can 
be met as shown in Table 2. 

Note that the FFB decoring throughput 
can be increased further by at least some 
20% to meet the requirement of the industry 
by increasing the speed of the feeding 
mechanisms and the speed of the decoring 
taper cutter. Contract workers feeding FFB 
into the decoring machines with attractive 
contract rates is ideal to achieve consistently 
high decoring throughput.

FFB DECORING STATION 

Multiple units of decoring machine can be 
installed depending on the mill capacity 
(Figure 6). The stopper weights control the 
flow of FFB to the operator feeding area. 
Each operator controls the feeding to the 
two machines located on either sides of 
him. 

The main stalk fibre and foreign 
materials drop through the gaps of the bar 
grate leaving clean spikelets and some fruits 
are fed into the continuous mild cooker for 
processing. 

After decoring, a mixture of main 
stalk fibre, spikelets, some fruits, foreign 
materials such as debris and sand, etc. 
is conveyed to a sorting belt where the 
said mixture is inspected.  Any abnormal 
decored results are rectified.  When they 
drop onto a vibrating bar grate where the 
contaminants are separated. The bar gaps 
are designed smaller than the smallest 
fruits.  At the vibrating bar grate, stalk fibre 
and foreign materials are removed leaving 
only clean spikelets and loose fruits for 
further processing. 
 

THORNS

STALK

DISECTED FRESH FRUIT
BUNCH (FFB)

FFB DECODING MACHINE
(Patent No. MY.100447.A)

SAND/DEBRIS

STALKS/CHIPSLOOSE FRUITS

SPIKELETS



PALM OIL ENGINEERING BULLETIN NO. 97 33

Feature Article

No. FFB weight (kg) X (mm) Y (mm) X – Y (mm)

1 10 292 224 68

2 15 327 267 60

3 20 368 282 86

4 25 386 295 91

5 30 418 319 99

6 35 458 354 104

7 45 503 394 109

Figure 4. The decoring machine sizing and  principle.

BUCKET DECORING COVEYOR 

Figure 7 shows the  conveyor used to decore 
the cannon ball types FFB. These FFB are 
non-directional as far as the main stalk is 
concerned. The cannon ball FFB are first 
manually placed into the buckets with the 
stalk ends facing upwards and are manually 

decored by a hand drill fitted with a taper 
cutter.  

CONTINUOUS MILD COOKER

The spikelets plus some fruits are fed into 
the continuous mild cooker shown in Figure 
8. The cooker is made of several flights of 
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Figure 5. Decoring results ➔ spikelets, loose fruits + etc.

TABLE 1. DECORING MACHINE PRODUCTION THROUGHPUT

Average bunch 
weight (kg)

Decoring time/
bunch (s)

Decoring 
throughput (t hr-1)

15
18
23
30
35
40
45
50

4
5
7
8
9
10
11
12

13.50
12.96
11.83
13.50
14.00
14.40
14.73
15.00

Note: Average throughput  may be taken as  12.00 t hr-1.     

TABLE 2.  INSTALLED CAPACITY OF DECORING MACHINE
 

No. of decoring  
machine

Mill throughput  
(t hr-1)

1
2
3
4
5
6
7
8
9
10
15
20

12
24
36
48
60
72
84
96
110
120
180
240
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Figure 6. Fresh fruit bunch (FFB) decoring station.

Figure 7. Decoring conveyor for  cannon ball fresh fruit bunch (FFB). 
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totally enclosed screw conveyor (TESC) 
connected in series. Atmospheric steam is 
admitted into this mild cooker. Two units 
of sluice valve are installed, one at inlet and 
one at outlet of the cooker for containing 
the steam at atmospheric pressure. 

The mild cooking time is about 15 min. 
The wet heat of the steam will change the 
characteristics of the plant natural gum 
(lignin) so that the fruits detach from the 
spikelets easily. The empty spikelets are 
separated from the fruits by a vibrating 
perforated plate shown in Figure 9.  With 
proper control of the cooking time, there 
is no oil oozing out from the fruits in this 
cooker. Only the fruits are collected for 
sterilization. The TECS are designed to 
have sufficient steam chest above the screw 
of the TESC so that all TESC have ample 
steam supply. 

CONTINUOUS STERILIZING 
STERILIZER

The fruits are fed into this  sterilizer. This 
sterilizer comprises one set of steam 
pressure locking device of a taper gate 

Figure 8. Continuous mild cooker.

valve and augur conveyor at inlet, several 
units of  TESC, one set of steam pressure 
locking device of an augur conveyor and a 
taper gate at outlet. 

The continuous sterilizer shown in 
Figure 10 consists of multiple flights 
of TESC connected in series. Steam at 
about  0.68 barg (10 psig) is admitted 
to this sterilizer. The sterilizing time is 
<18 min. The sterilization time versus 
steam temperature/pressures are given 
in Figure 11. At the outlet, the sterilized 
fruits are elevated and discharged into the 
distribution conveyor over digesters via a 
two-stage augur conveyor. The design and 
construction of the TESC in this sterilizer is 
similar to that used in the mild cooker. 
 

SYSTEM REDUCING OIL LOSS IN 
PRESS FIBRE 

The system for reducing oil loss in press 
fibre is as shown in Figure 2. For every 100 
t FFB processed, the mash passing through 
digesters (MPD) is about 75 t. This is fairly 
constant.  After digestion, the quantity 
of digested fruit mash remains at 75 t. It 

see page 41
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Figure 9. Vibrating perforated plate separating fruits and empty spikelets.

Figure 10. Continuous sterilizer.
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Figure 11. Sterilization time vs. steam temperature/pressure (Mongana Report). 

consists of solid phase of 24 t and liquid 
phase of 51 t.  In the solid phase, there are 
the nuts (12 t) and fibre (12 t). In the liquid 
phase, there are crude oil (23 t) and sludge 
(28 t). The solid phases are fairly consistant. 
However, the liquid phases could vary 
quite widely between them due to weather 
conditions and other agro-factors. This 
is evident by the wide fluctuations of oil 
extraction rate (OER)  throughout the years. 

In the conventional mills, the digested 
fruit mash containing crude oil, sludge, 
fibre and nuts is pressed.  The pressing 
pressure is limited in order to avoid nut 
breakage. It makes real good sense to first 
remove the crude oil, sludge and nuts 
leaving only the nut-free fibre to be fed into 
the press for high pressure pressing. 

In this patented system, the digested 
fruit mash is first washed by very hot water 
to drain much of the crude oil and sludge 
therein.  The washing is done in a washing 
conveyor. The diluted crude oil is filtered 
and collected in a crude oil tank. The feed 
rate of digested fruit mash into the washing 

conveyor is controlled by a sluice valve. 
After washing, a mixture of nuts and fibre 
is obtained.  The fibre is separated from 
nuts by a vibrating separator. The fibre 
drops onto a vibrating screen. The nuts 
are conveyed to the nut station by a steam 
jacketed nut conveyor. The already evenly 
desiccated nuts are further dried to obtain 
the best cracking efficiency. Washing 
continues at the vibrating separator and the 
vibrating screen. The diluted crude oil from 
the vibrating screen is collected/stored in 
the crude oil tank. The well-washed nut-
free fibre is fed into a screw press.  At the 
screw press, very high pressing pressure is 
applied to press out as much residue oil in 
the fibre as possible. The diluted crude oil 
from the screw press is collected/filtered 
and stored in the crude oil tank. From time 
to time, the diluted crude oil is pumped to 
the clarification for further processing. The 
very hot water used for washing can be 
well-regulated so that the clarification of 
diluted crude oil is at the optimal level. 

By so doing, the existing oil loss of about 
6.5% may be reduced to below 2% on fibre 
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sample. The reduction of 4.5% oil loss in 
fibre can be translated to 0.54% OER gain. 

ADVANTAGES AND BENEFITS OF 
DECORING TECHNOLOGY

Extra Electrical Power Output 

Now the boiler pressure of  20.41 barg 
(300 psig) can be expanded to 0.68 barg (10 
psig) instead of the current exhaust pressure 
of 3.06  barg (45 psig) using condensing 
steam turbines generators.  The enthalpy 
at 0.68 barg is much lower than that at 
3.06  barg. Therefore more electrical power 
output per kg steam is achieved. 

Lower Noise Level in Mills 

There will not be anymore frequent 
steam blow-offs from the conventional 
sterilizers, vertical sterilizers, fixed incline 
sterilizers and tilting sterilizers as these 
sterilizers will not be in use.  Also, the 
CBC, the pneumatic separation columns, 
fibre cyclone systems and the nut polishing 
depericarper drums will not be  in use.  The 
said machinery have a noise levels ranging 
from 75 dB to 110 dB. As a result, the noise 
level in the mills will also be  reduced.  The 
mill workers will be more comfortable 
working in the reduced noise environment. 

Nut Desiccation 

The TECS allows good steam penetration 
and mixing in the process of mild cooking 
and sterilization of spikelets and fruits 
respectively. This ensures that the fruits and 
nuts will be  evenly cooked and sterilized. 
The sterilization conditions will  not be  
severe and the sterilization time will be  
shortened.  As a result, all nuts will  have 
the same degree of mild desiccation. After 
further nut conditioning in the steam 
jacketed nut conveyor, optimal desiccation 
in nuts will be achieved. As a result, nut 
cracking efficiency will be high. There 
would be negligible or nil broken kernel 
and hence dry pneumatic separation of 

the cracked mixture is sufficient. Hydro 
cyclones and clay baths will  not be  
required anymore. 

In comparison, the sterilization of 
assorted sizes of FFB plus dirt in the 
conventional sterilizers, vertical sterilizers, 
tilting sterilizers and fixed incline sterilizers, 
the small FFB and the outer layers of large 
FFB are over-sterilized whilst the inner 
layers of large FFB are under-sterilized. 
This is because the steam pressure  for 
sterilization is high at 3.06 barg (45 psig) 
and the batch-cycle time is long from 70  
min to 90 min. This has resulted in very  
uneven desiccation in nuts.  Further nut 
drying aggravates the problems in that 
the kernel in over-desiccated nuts is brittle 
giving rise to a lot of fragments of broken 
kernel after cracking. 

Elimination of EFB and Sterilizer 
Condensate  

The FFB decoring machine and decoring 
bucket conveyor remove the main stalks of 
the FFB.  In the decoring process, the mud, 
debris, and sand, etc. adhering to the FFB 
have been loosened up and removed. After 
mild cooking of the spikelets, the fruits and 
empty spikelets are separated.  The non-oil 
bearing materials such as main stalk fibre, 
empty spikelets, debris and sand,  etc. are 
removed before actual sterilization takes 
place. 

Besides attractive  monetary returns, 
there are other attractive benefits which 
include the followings: 

• a long list of machinery from the FFB 
hoppers to the fruit elevators before the 
press station have been made obsolete 
leading to a reduction in capital cost for 
a new mill by about 25%; 

• only nut-free fibre is fed to the press, 
hence a reduction of the pressing 
capacity of about two-thirds of the 
conventional one; 

• the nuts are separated from fibre before 
pressing. Hence, induced nut breakage 
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is avoided. This can improve kernel ex-
traction rate (KER)  although margin-
ally. As a result, the cake breaker con-
veyors, pneumatic separation columns, 
nut polishing depericarper drums and 
fibre cyclone systems are not required 
anymore resulting in huge power sav-
ing here; 

• clean and sand-free fruits are processed, 
hence, de-sanding cyclones are made 
redundant. 

• the nuts are evenly desiccated resulting 
in good cracking efficiency. Dry pneu-
matic separation of cracked mixture is 
sufficient. Thus, hydro cyclones and 
clay baths are made redundant;

• the continuous mild cooker and the con-
tinuous sterilizer are of screw conveyor 
type of much lighter construction. Thus,  
they cost less  than the conventional 
sterilizers and other types of sterilizers; 

• screw conveyors are used in place of 
roller chain conveyors in many areas. 
Overall, the mills can be made  much 
smaller in size; 

• removing mud, debris and sand, etc. 
adhering to FFB resulting clean fruits 
are processed resulting lower wear and 
tear to machinery parts. Hitherto clean-
ing FFB is impossible. As a result, an 
estimated reduction in the maintenance 
cost of RM 1 t-1 FFB processed could be 
achieved; 

• no more oily EFB and sterilizer conden-
sate. Much lower POME production is 
achieved. This would lead to the imple-
mentation of a zero discharge of treated 
effluent into river system for mills more 
feasible. Therefore, the mills can become 
more environmental-friendly; 

• semi-manual FFB feeding can be re-
placed by robotic feeding easily, result-
ing in fully automatic milling process is 
achieved thereby reducing manpower 
requirement substantially; 

• lower steam consumption and lower 
electrical power requirements. Electrical 
power reduction at press station alone 
is estimated to be 160 kW for a 60 t hr-1 
mill. There will be a saving in biomass 

fuels which can be sold off for addition-
al monetary gain; 

• boiler pressure can be easily maintained 
as there is no sudden surge of demand 
of steam. This can  result in less black 
smoking emission at the boiler chim-
neys; 

• spikelets/fruits can be sterilized in 
conventional sterilizers, vertical steril-
izers, tilting sterilizers, fixed inclined 
sterilizers and continuous sterilizers to 
improve mill throughput and product 
quality; and 

• no more noise pollution in mills. 

CURRENT STATUS

The response from the industry is extremely 
encouraging.  Several units of commercial-
stage FFB decoring machine are in the 
market performing demonstrations for 
the interested parties. FFB decoring 
demonstrations have generated positive 
reactions. It is anticipated that a 30 t hr-1 
processing line based on the revolutionary 
FFB decoring technology and inventions 
mentioned herein will be added to the 
existing mill in near future. 

The decoring technology and inventions 
herein mentioned can be readily retrofitted 
into existing mills.  Figure 12 shows how 
part of the existing FFB hoppers can be 
modified to feed FFB into the decoring 
machines. The system of reducing oil loss 
in press fibre can be installed underneath 
the existing press platform which can be 
dismantled or retained. All screw presses are 
to be relocated to a level below the existing 
press platform. Only about one-third of the 
pressing capacity of the conventional one is 
required by the  said system. 

The foot prints of the revolutionary 
milling processing line of 40 t hr-1 are 
narrow at about 3.5 m wide by 55 m long 
from FFB feeding hoppers to press station. 
Therefore this 40  t hr-1 milling processing 
line can be installed in most of the mills. 
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Figure 12.  Fresh fruit bunch (FFB) feeding hoppers feeding FFB into decoring machines.

A new main mill building of 8 m width x 
60 m length will be able to house 2 x 40 t hr-1 
lines. All the machinery in the processing lines 
is cheap. 
  

CONCLUSION

The palm oil industry seems to have  
reached a crossroad where it must make 
major improvements in order to enhance 
its sustainability.  It therefore requires 
major paradigm shift in mentality and 
innovations to achieve this goal. Many 
industrial players are innovative to come 
up with novel ideas in milling process such 
as the various types of sterilizers.  However, 
thus far, these innovations have brought 
about only  incremental improvements. 

The FFB decoring technology and 
inventions mentioned herein are think-
out-of-the-box inventions. Both the 
FFB decoring machine and the bucket 
decoring conveyor are proven machinery. 
The continuous mild cooker, continuous 
sterilizer and the system reducing oil loss 
in press fibre are made of or assembly of 
proven machinery components in use for 
decades. They are therefore expected to 
work well without doubt. 

The decoring technology and inventions 
mentioned herein can provide many 
advantages over the current milling 
process. In addition it can bring in many 
benefits  to the millers. It can also provide 
increased OER to some extent.  The payback 
on investment (POI) is therefore extremely 
short. 

SUMMARY OF KEY BENEFITS

Benefits   
•  Gain extra OER;
• Better oil quality;
• Lower plant capital cost,  lower operation 

and maintenance costs;
• Continuous and fully automatic milling 

process is achieved;
• Lower energy consumption and lower 

POME production; 
• More biomass can be saved; 
• Possibility of  zero discharge of treated 

effluent into river more; 
• Mills are more environmental-friendly; 
• Spikelets/fruits can be sterilized in con-

ventional sterilizers, vertical sterilizers, 
tilting sterilizers, fixed incline sterilizers 
and continuous sterilizers to improve 
mill throughput and product quality; and

• Less  more noise pollution in mills.
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INTRODUCTION

uring process operation there are 
many basic principles which should 
be adhered to in order to operate the 

mill efficiently. Do you know that a large 
volume of oil is lost in the sludge water 
simply because the oil filled cells were not 
ruptured to release oil?

The oil extraction rate (OER) of the mill 
can be raised quite easily if only certain 
simple procedures are followed. They 
are now documented under the code of 
practice (CoP). They are given in Figure 
1 in a consecutive order so that it is easy 
to comprehend the correct flow from  
upstream to downstream. There are seven 
of them. Millers have to depend only  on 
one upstream activity,  i.e. good estate 
practice.

Law No. 1: No Loose Fruits Shall be Left in 
the Field after the  Day’s Delivery of Crop

Loose fruits. The fresh fruit bunches (FFB) 
delivered to the mills shall have all the 
missing loose fruits in order to increase the 
mill OER. Every one knows it but no one 
seems to recover the lost fruits as there is 
not enough emphasis given to it. Full loose 
fruit recovery is capable of increasing OER 
by a minimum of 2%. Probably every one in 
the industry is aware of this.

D
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Law No. 2:  Fruits Shall Not be 
Unloaded on Hopper Apron under Any 
Circumstances

Hopper apron. During FFB reception the 
fruit shall not be dumped on hopper apron. 
If dumping is done year after year for 
decades something must be fundamentally 
wrong with the mill management or the 
owners. The fruits get crushed by the 
tractors and ground into a paste that can 
only damage the cement rendering of the 
hopper apron. Palm fruits with the highest 
oil content are the ones being abused in 
the mills. If the hoppers are not sufficient 
in number why the mills are not adding 
on the hopper say, 5 units per year so that 
exorbitant capital layout is not necessary?  
Whichever way a palm oil consumer look 
at it he will find it is totally unacceptable. 
Fruits have to be treated more gently as it is 
an edible product like apples and oranges.

Law No. 3: The Best Sterilizer Design 
Shall Have the Least Empty Space

Poor heat transfer. At low temperatures 
cell rupture is unlikely to be effective as 
compared to high temperature operation. 
A good temperature is 130oC  for at least 
30 min. This can be obtained from steam 
at 4 barg (saturation temperature 143.6), if 
there is no air in the sterilizer. As more than 
half of it is filled up with air, the effective 
temperature will correspond to 3 barg or 
even lower than this, based on Dalton’s Law * Malaysian Palm Oil Board, P. O. Box 10620, 50720 

Kuala Lumpur, Malaysia.
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of Partial Pressures. Let us look at the much 
talked about Dalton’ Law, the pressure of a 
mixture of gases is equal to the sum of the 
partial pressure of the constituents. The air 
pressure at atmospheric pressure is 1.013 
bar and the pressure of steam is 4 barg. If 
each of them occupy half the space in a 
sterilizer, the partial pressure of the steam 
would be:  

1/(1+1) x 4  =  2 barg
 

The  steam temperature within the 
sterilizer would be corresponding to the 
saturation temperature at this pressure, i.e. 
= 120.2°C. This is clearly not sufficient  for 
efficient sterilization of bunches. This also 
brings to our mind the following important 
law.

Law No. 4: Air Released by Bunches Must 
be Evacuated Continuously to Maintain 
Good Heat Transfer to Bunches

Continuous air release.  In order to 
address the problem of having the least air 
occupation within the sterilizer chamber, 
the air should be discharged, as much 
as possible, during the first two peaks of 
the sterilizer cycles (de-aeration cycles) 
followed by a constant discharge through 
the condensate  valve by-pass line. Air is 
continuously discharged from the bunches 
as they are heated by steam and this air 
must be evacuated for improved heat 
transfer. This generates another law.

Law No. 5: The Requirement of Different 
Sterilization Regimes for Crop of  Differ-
ent Ripeness  Shall be  Strictly Adhered to

Sterilization.  Sterilization time also is 
critical. If the crop contains too much over- 
ripe crop make sure the sterilization time is 
adjusted down so that oil is not lost in the 
condensate. Three sterilization regimes are 
generally provided in the sterilization auto 
control setting to cater for under-ripe crop, 
normal crop and over-ripe crop.

Law No. 6: Stripper Bunch Feeding Shall 
be Even and Well Regulated

Stripping. During the stripping operation, 
millers do not seem to be paying much 
attention in enforcing a constant feed of 
bunches into the stripping machine. One 
of the highest oil losses occurs in empty 
fruit bunches and most mills do not even 
measure this loss either because of the 
unreliability of the results or the difficulty 
encountered in performing this gruesome 
task. Stripper feeder should not be overfed 
with bunches resulting in build up of 
bunches as this will encourage bunches 
to absorb oil. The feed must be even and 
regulated even if this calls for a long feed 
conveyor.

Law No. 7: The Digester  Stirrer Blade Tip 
Clearance Shall Not Exceed 6 mm

Digester blade tip clearance. This happens 
in all mills due to poor knowledge of the 
engineers about the principle of digestion. 

MILL

▲

Plantation

Nursery

▲

Kernel 
crushing

Refinery

Bulking/
export

▲

▲

▲ ▲
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Figure 1. Flow diagram of the palm oil industry.
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It is imperative that the digester remains 
circular at all times. But during the renewal 
of liners at the bottom section of the 
digester, body looses its concentricity due 
to distortion caused by welding. When 
this happens the blade tip clearance with 
respect to the digester body may run to 
several centimeters and this is detrimental 
to proper fruit digestion as the fruit will 
take a short cut impairing digestion. Most 
mills do not seem to think that this is a very 
important criterion for proper processing. 
The solution lies in fitting in completely 
built up concentric sections into the 
sterilizer body. This can be easily done if 
all sterilizers are located in a separate area 
away from the presses so that the liners can 
be inserted from the bottom. After fitting 
the stirrer blade assembly, the blade tip 
clearance should be as low as possible, e.g. 
6 mm so that the fruits can not slip past the 
blades. 

Law No. 8: Too Much Oil in the Digested 
Mash will Not Allow a Good Pressing as 
the Fruits will Become Slippery during 
Pressing

Digester  drainage. Maximum oil drainage 
form the digester would  ensure that  the 
press cake is  (1) not slippery while being 
pressed, (2)  reduces high nut breakage as 
low press cone pressure is sufficient for 
pressing. In most mills, the digester drain 
pipe remain cold as they are often choked 
with fibre. A large box type drainage sys-
tem will promote digester drainage. The 
mill work shop can easily fabricate this.  

Law No. 9: Over Dilution Raises Absolute 
Losses and Also Effluent Production

Water  dilution. Many engineers do not 
seem to appreciate that the absolute oil loss 
in sludge water will increase with increased 
dilution. Therefore caution must be exer-
cised when performing dilution on crude 
oil. Indiscriminate dilution will cause addi-
tional losses in sludge water. This is because 
the oil loss in the sludge water,  ex-separa-

tor remains constant irrespective of the oil 
content in the sludge input to the separator.

Law No. 10: A Modified Crude Oil Tank 
Capable of Creating a Laminar Flow Re-
gime is Desirable for Improved Separa-
tion of Sand from the Crude Oil

De-sanding crude oil. Most of the sand 
must be removed from the crude oil before 
the crude oil is subjected to clarification as 
it may interfere with proper separation of 
oil from the sludge. If space permits a long 
tank with many compartments will be a 
good investment as it can trap much of the 
sand when there is laminar oil flow. The 
present tank has too short a retention time 
to present a laminar flow regime.
 
Law No. 11: Use only Positive Displace-
ment Pump for Crude Oil Pumping. Cen-
trifugal Pump Causes Emulsification of 
Crude Oil
  
Crude oil pump. The most appropriate 
pump for this  is the positive displacement 
pump that does not promote the creation of 
emulsion as is experienced  in a centrifugal 
pump. It is difficult to separate emulsified 
oil  from the sludge.

Law No. 12: Before Clarifying Crude Oil 
Remove as Much Solids as Possible from 
it Using a Decanter

Decanter. Before clarification of crude oil re-
move the solids from the crude oil using a 
decanter. This will improve oil separation.

Law No. 13:  Reduce as Much  Oil  in the 
Clarifier Underflow as Possible to Reduce 
the Overall  Oil Loss Sin the Clarifier

Clarification tank.  Install a small stage 1 
clarifier where most of the oil can be recov-
ered followed by a coil heating chamber be-
fore crude oil is fed into the clarifier proper. 
This way, the oil in the underflow of clarifi-
er proper is considerably reduced. The pre-
heating chamber ensures that the crude oil 
temperature is maintained at above 90oC.

Feature Article



PALM OIL ENGINEERING BULLETIN NO. 97 51

Feature  Article

Mongana Basics:  Part  23 - Study of Fuel and 
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**Continued from p. 33 of Palm Oil Engineering 
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The Waste Product  the Palm Oil Mill

The approximate percentage composi-
tion of bunches processed in palm oil mills 
is given in Table 1.

The amount of waste products is 
therefore dependent upon the type of 
bunch.  Moreover, the extraction process 
affects the amount of non-oily solids and 
fibre which can be recovered or used.  In 
the wet process, two-thirds of the fibre is 
washed away in water; in the continuous 
pressing process, one-third of it finds its 
way into the crude oil.  Finally, in the 
centrifugal extraction technique or by 
manual press method, only very little of the 
fibre are removed. 

CATTLE FEED

The food value of cattle feed meal depends 
primarily on the protein content. The 
various palm oil mill waste products were 
analyzed from that point of view. The 
results show that they all are extremely 
poor in nitrogen (maximum 2% of nitrogen 
on dry basis for cellular debris).

RECOVERY OF OIL FROM BUNCH 
STALK REFUSE

It has been mentioned in the previous 
issues of Palm Oil Engineering Bulletin that 
the oil content of wet stripped bunch stalks 
was 1% to 2%,  that is 2.5% to 5% on dry 
matter.  This amount corresponds to 0.3% to 
0.6% of oil as a % to fresh bunch or 1.5% to 
3%  as a % to the oil.

The recovery of a portion of that oil was 
investigated.  Two techniques were tried:  
washing with surfactants and pressing of 
the stalks in a continuous press.

At laboratory scale, the washing of stalks 
led to the recovery of oil amounting to 0.2% 
of the weight of wet stalks. At larger semi-
industrial scale, the operation performed 
in a rotating perforated drum failed to give 
satisfactory results. 

Pressing carried out on stalks chopped 
in two or four chunks leads to the extraction 
of 10% to 20% of the oil present in the stalks 
but the capacity of the press is only 110 kg 
to 160 kg of stalks per hour.  Moreover, in 
that kind of work, the press is subjected to 
dangerous stresses. 
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UTILIZATION OF FIBRE FOR THE 
PRODUCTION OF PRESSED BOARDS

Boards made of fibre and a small quantity 
of copal resin was produced.  They were 
obtained by the application of 90 bar 
pressure on the mix heated up to 100°C – 
150°C for a period of 15 min.  The boards 
could  be sawn and nailed. 

UTILIZATION OF STALKS AS FUEL

General 

At the outlet of the thresher, the bunch-
stalks contained approximately 65% of 
moisture making it a poor fuel.  The calorific 
value of the wet materials is in the region  
of 4200 kJ kg-1. Owing to their moisture 
content and to their very morphology, stalks 
are a difficult fuel to burn with reasonable 
efficiency.  It is observed that in the boiler 
furnace, they burn superficially.   The core 
chars but does not burn completely.

Numerous waste products of high 
moisture content are used as fuel (cotton 
husk, oil palm bunch fibre, wood chipping 
and molasses) but all are available in 
discrete form or very close to it, at least, 
in granular or fibrous form.  The contact 
surface between fuel and air is very large.  
Drying is consequently easy.  Quite a 
different situation prevails in the case of 
oil palm bunch stalks.  The contact surface 
between combustible material and air is 

small in relation to the weight of the former.  
It follows that drying is very slow.  The 
use of fuel with high moisture content is 
generally achieved on a sloping grate on 
which three  zones can be demarcated:

• drying zone;
• distillation zone; and
• combustion zone.

This technique can only be applied to 
homogeneous fuel ensuring good coverage 
of the grate which is not the case of bunch 
stalks as a result of the important unit 
volume and weight. 

Combustion of Bunch Stalks

Three possibilities were investigated:
• drying prior to combustion; 
• shredding of the stalks (partial drying); 

and 
• gasification followed by combustion.

Drying of Bunch Stalks

Limited drying was obtained in the 
trial extraction of oil from the stalks by 
continuous pressing. Moisture content was 
reduced from 65% to approximately 45%. 
An appreciable increase of the colorific 
value results therefrom. A value of 6930 
kJ kg-1  is attained for a moisture content 
of 50%. The treatment is tough on the 
equipment and presses currently used 
would not stand up long to it.

TABLE 1.  APPROXIMATE COMPOSITION OF BUNCHES 
PROCESSED IN PALM OIL MILLS 

Palm 
grove

DxT TxT DxP

Ratio of empty bunch of FFB
Ratio of dry EFB to FFB
Ratio of nut to FFB
Ratio of oil to FFB
Ratio of wet kernel to FFB
Non-oily solid – fibre to FFB
Total of empty bunch 
Shell + non-oil solid + fibre 

23
9

39
13
8

31
4.5

44.5

23
9

27
18
6

22
5.5

37.5

23
9

26
20
5

21
6.5

37.5

23
9

13
25
4
9
8

26
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A more satisfactory technique allowing 
for more efficient moisture removal consists 
in shredding.

Shredding 

The operation combines drying and 
conditioning of the stalks.  Shredding 
converts the stalks in slices of variable 
thickness and greatly increases the ratio of 
surface area to the weight of the material.

The rotary knife shredder outlined in 
Figure 1 was tried.  It is equipped with a 
feed screw and one which compacts the 
stalks just before they are hacked.  The 
speed of both can be set to obtain slices of 
any thickness between 10 and 25 mm. The 
output of the equipment is approximately 
5 t hr-1. The desiccation of the bunch stalks 
is greatly speeded up by the shredding.  
Figure 2 shows the loss of weight in relation 
to time of desiccation for slices 10 mm, 15 
mm, 20 mm and 25 mm thick.  The average 
moisture content was 69.8%.

It can be observed that the practical rate 
of desiccation at ambient temperature or the 
loss of weight compared with that recorded 
for the whole stalk is approximately:

• twice as high for 25 mm thick slices;
• three times as high for 20 mm thick 

slices;
• four  times as high for 15 mm thick 

slices; and

• five times as high for 10 mm thick 
slices.

The stalk shredder was used for 15 days 
during which efficient firing of boiler were 
achieved.  The machine does not seem to be 
sufficiently rugged for intensive utilization.  
In particular, the feeding device exhibited 
a number of shortcomings (warping of 
the conveyor slats) which should however 
easily be made good through slight 
modification of the machine design. The 
mill in which the shredder was tried has 
since obtained a more rugged machine.

As shredding is achieved by guillotine 
slicing and not by rotating knives, the 
output of the machine is considerably 
reduced.  The feeding device, although of 
stronger construction, is less suitable for 
bunch stalks than the conventional screw of 
large capacity straw shredders.

Gasification and Combustion of Bunch 
Stalks

Considering the advantage from the 
calorific point of view afforded by the heat 
available in bunch stalks, a boiler fitted 
with a special pre-combustion chamber was 
acquired.  The characteristics of bunch stalks 
prompted the maker of the experimental 
boiler to design a combustion chamber 
which speeds up the drying of stalks and 
paralyze them.  The gases evolved in the 

Figure 1.  Bunch stalk shredder.
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Figure 2.  Desiccation curves of bunches stalk in relation to slice thickness and time of desiccation.

Figure 3.  Sectional view of the pre-combustion chamber for bunch stalks.
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process are burnt in a combustion chamber. 
The unit is outlined in Figure 3.

The draught can be natural or induced.  
Smoke is recycled towards the drying 
chamber.  The volume of the drying cum 
pyrolysis chamber is 10  m3 and that of the 
combustion chamber 9.24 m3.  The grate 
surface area is 3.3  m2.  The heating surface 
of the smoke tube locomotive type of boiler 
is 30  m2.

The operating conditions of the pre-
combustion chamber were ascertained.  
They are as follows:

• maximum introduction of secondary 
air in the combustion chamber; 

• introduction of drying air as close as 
possible to the grate;

• the drying is not necessary if the stalks 
have been dried slightly prior to being 
fed into the furnace (50% moisture); 

• very little air blown below the grate.  
Just enough to sustain combustion 
on the grate.  At times, no air at all is 
required;

• maximum suction of smoke; and
• a series of heat balances were 

established. 

The results of two of them are given 
in Table 2.  The first series was carried out 
with natural draught and the second with 
induced draught. 

The operating condition data were 
recorded at 15 min intervals.  An electrical 
analyzer was used for the analysis of smoke.

Conclusion of the Trials

• The gasification and combustion of 
bunch stalks can be satisfactorily 
achieved. 

• The  rate of evaporation specified by 
the makers of the boiler is exceeded.

• The boiler can be operated by unskilled 
local personnel solely on the basis of 

the temperature in the combustion 
chamber.

• It has not been possible to force the 
boiler because of the lack of adequate 
supply of secondary air.

• The maximum temperature recorded 
in the combustion chamber is 1250°C.  
It was deemed hazardous to maintain 
or exceed that temperature.

• Even when the induced draught is 
set at maximum intensity, smoke 
evolves from the fuel loading door and 
auxiliary chimney which is always set 
at minimum opening (often completely 
closed).

• The smoke temperature appears too 
high.

• The pre-combustion chamber could 
be adequate for a much larger heating 
surface.  The amount of gas produced 
under normal operating conditions 
during the trials was small compared 
with the actual capacity; most of the 
time hardly any air is blown at all 
under the grate.  Incidental ingress 
of air is enough to maintain efficient 
gasification.

• The pre-combustion chamber is 
somewhat dangerous because it is 
impossible to draw the fire.  Fierce 
burning of bunch stalks continues even 
when the dampers are completely 
closed.  It is essential (a serious 
incident is proof enough of this) to 
provide three ways of firing the boiler 
and one of extinguishing the fire (bank 
of water sprayers).

• During the trials, it has been possible 
to maintain the ash in pulverulent 
form.  However, it was observed that 
the melting point had been reached 
close to the flues.

• The K2O content of the ash is 30% to 
40%.  Silica is also present.

• A system of mechanical clearing of 
the grate should be provided as it is 
difficult to do so manually under the 
thick layer of stalks (the drying and 
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gasification chamber is kept full at all 
times).

• Potash and soot in small but 
perceptible quantity are carried away 
with the smoke as are small particles of 
silica.

Summary

There are two possible ways of using 
bunch stalk as fuel.  One is shredding and 
drying and the other is the use of a special 
pre-combustion chamber designed for 
drying and gasification. From the point 
of view of efficiency, it seems that the two 
possibilities are equivalent.  From the point 
of view of capital expenditure, the shredder 
is evidently less expensive than the pre-
combustion chamber.  Its installation does 
not require a great deal of space.  Moreover, 
the apparatus can be easily dismantled and 
moved to a new location. 

In contract, the stalk pre-combustion 
chamber, which is in fact adaptable to all 
types of wastes produced in the oil mill 
(shell, fibre) possibly opens the way to an 
automatic system of boiler firing the well-
known advantages of which lead to the 
possibility of producing steam without 
intervention of  the human factor would 
constitute an undeniable progress. 

TABLE 2. HEAT BALANCE DURING COMBUSTION

Natural draught Induced 
draught 

Duration of the run
Hourly output of steam
Hourly output of steam per  m2

Fuel consumption per tonne
kg of steam produced per kg of fuel

Average operating conditions
Pressure
Furnace temperature
Smoke temperature
Carbon dioxide content of smoke
Carbon monoxide and hydrogen content of smoke

71 hr
543 kg
17.4 kg
565 kg
0.96 kg

6.1 kg cm2

1059°C
412°C
9.6%
0.5%

6 hr
807 kg
26.9 kg
750 kg
1.1 kg

6.6 kg cm2

1136°C
362°C
11.7%
0.6%

A priori, the automation of firing 
through gasification of all wastes appears 
to be financially attractive only for large 
oil mills.  In the case of mills of average 
or small size, the shredding and drying of 
bunch stalks appear preferable. 

It must be appreciated that in mills 
treating exclusively fruit of the dura type, 
no problem of fuel availability arises.  The 
utilization of stalks as fuel is therefore not 
justified but the position is completely 
different in the case of new plants where 
some pure tenera crop will be processed 
(Table 6).

Recovery of Potash

The slow burning of bunch stalks 
whether by gasification in an incinerator or 
in the open yields approximately 1.5% to 
3.0% of ash.  The ash contains 25% to 40% 
of K2O, approximately 4% of MgO, 6% of 
Na2O and a variable amount of SiC2. 

The K2O content of the wet stalks is 
therefore about 0.7% corresponding to 
0.15% on bunch, that is 1.5 kg of K2O per 
tonne of bunches. 

Under suitable conditions, 1 t of bunches 
represents the annual yield of approximate-
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ly 10 palms.  The return to the fields of pot-
ash produced by incineration of the bunch 
stalks would therefore provide each palm 
with 150 g of potash per year. 

 
For record, it may be stated that the 

IRHO (Institute de Recherches sur less 
Huiles at Oleagineux) advises the use of 
larger quantities of potash (0.5 kg  to 1.5 kg 
of KCl per palm per year).

CARBONIZATION AND PYROLYSIS 
OF WASTES

Within the frame work of the study on 
the energy of the extraction process and 
of the valorization of the by-products, the 
Francois experiments on the carbonization 
and pyrolysis of wastes were repeated 
with a view to ascertain the efficiency 
of carbonization for planning industrial 
experiment.

Laboratory Experiments

The experiments were carried out in a 
carbonization kiln suitable for the treatment 
of 0.5 to 1 kg of material.  After paralysis, 
the gas was condensed and recovered.  Trial 
runs were set up on kernel, fibre, shell and 
bunch stalk refuse.  Their lower calorific 
value was found to be as in Table 3, as 
determined in the Mahler bomb. 

 

The results of carbonization are given in 
Tables 3, 4 and 5.  They generally confirm 
those obtained by Francois (Table 3).  Briefly, 
it is observed that:

• a large amount of tar is produced in 
the carbonization of kernel; 

• in contrast, pyroligneous juice is the 
most abundant component obtained 
in the carbonization of the other waste 
products;

• tar contains little light fraction; and 
• the calorific value of the evolved 

gas is directly proportional to the 
temperature of carbonization. 

EXPERIMENTAL AT INDUSTRIAL SCALE
 
Carbonization at semi-industrial scale was 
set up in an installation with a capacity of 6 
t of waste per 24 hr of utilization and built 
according to the Francois patents.   The 
apparatus consists of a kiln,  a by-product 
recovery section and   a gas purification 
station.  A general outline of the installation 
is given in schematic form in Figure 4.

A fairly large number of difficulties of 
mechanical origin were encountered when 
using the oven.  The uniform spreading 
in thin layer of the material and the air 
tightness of the kiln were difficult to 
achieve.  Without effective air tightness, the 
gases are diluted as a result of air ingress 
and are no longer combustible.  The feeding 
device had to be modified and in order to 
obtain uniform distribution of the material 
on the grate it was found necessary to 
station a worker to operate the spreading 
paddles.  As a result of the important 
expansion of the fire bars, the alignment 
of the coke removal mechanism had to be 
carried out whilst hot.  Serious warping of 
the brick-work occurred. 

The high impurities content of the gases 
was responsible for the breakdown of the 
compressor and the breakage of the rotating 
vanes.   The speed of the rakers had to be 
increased three-fold. 

TABLE 3. CALORIFIC VALUES AS 
DETERMINED BY MAHLER BOMB 

METHOD

Kernel  :  6500 kcal kg-1 (27 214 kJ kg-1)
Fibre  : 4700 kcal kg-1  (19 678 kJ kg-1)
Shell : 4950 kcal kg-1  (20 724 kJ kg-1)
Bunch stalk : 4200 kcal kg-1  ( 17 585 kJ kg-1)

Note:  Coke from kernel (obtained at 420°C) 
8500 kcal kg-1  (935 588 kJ kg-1).  

 Coke from shell (obtained at 420°C) 7800 
kcal kg-1 (32 657 kJ kg-1).
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TABLE 4. CARBONIZATION OF WASTES

Minutes required to reach the 
temperature shown in the columns

Kernel Fibre Shell
Bunch stalk refuse *

1 2 3 Nut
Fibre in minutes required to reach the 
temperature shown in the first column 

Temperature 100°C
                       150°C
                       200°C
                       250°C
                       300°C
                       350°C
                       400°C
                       420°C

-
  20
  30
  40
  60
  80
120
150

  20
-

  40
  55

-
100

-
150

  30
-

  50
-

  80
100
135
150

  20
-

  70
  90
100
150
180
220

  20
  40
  75
  90
110
135
160
190

15
-

30
-

45
60
75
90

  20
-

  50
  65
  85
120
150
180

Recovery in g kg-1

Coke
Tar
Pyroligneous
Gas and losses 

110
464
206
120

408
112
304
176

388
100
351
161

360
66

354
220

378
78

362
182

352
74

346
228

344
242
280
134

Acidity of the Pyroligneous 
Acetic acid
a) By steam distillation in the presence of 
    phosphoric acid 

- in g % of pyroligneous 
- in g % of the initial raw material

b) Strictly by direct titration
    -     in g % of pyroligneous
    -     in g % of the initial raw material

4.75
0.98

4.47
0.92

12.2
3.8

11.55
3.53

14.8
6.2

15.8
5.55

10.2
3.6

11.1
3.92

11.8
4.28

11.25
4.07

9.3
3.24

9.48
3.38

11.1
3.1

-
-

Distillation of Tar
% Recovery

Up to 100°C
From 100°C to 150°C
From 150°C to 200°C
From 200°C to 250°C
From 250°C to 300°C
Residue 

4.5
4.0
2.5
7.5

55.0
25.5

4.0
7.0

11.0
18.0
23.0
37.0

4.75
8.00

19.50
27.50
16.25
24.00

-
-
-
-
-
-

3.0
6.0

13.0
25.0
22.0
31.0

2.5
8.0

14.5
22.0
22.0
31.0

-
-
-
-
-
-

Note:  *1st run, slow heating.
 2nd run, slow heating.
 3rd run, fast heating.

Product Recovery

The recovered gas is combustible if 
the kiln is air tight.  The amount of gas 
produced and its calorific vale (Table 4) 
appear insufficient to sustain carbonization.  
The coke contains 16% to 20% of volatile 
matters and 2% to 6% of ash.  The recovery 
in pyroligneous liquid and tar appears to be 
lower than recorded in the laboratory. 

ENERGY BALANCE AND 
MISCELLANEOUS RESULTS OF PALM 

OIL MILLS

According to the test carried out at 
Mongana and in other mills, the steam 
consumption for the processing of bunches 
is in Table 6. 

The figures differ from one mill to 
another because of marked differences 
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TABLE 5. CARBONIZATION   AND PRYOLYSIS OF WASTE PRODUCTS

Time  in minutes to attain the
temperature shown 

Kernel Fibre Shell Bunch stalk 
refuse

Detail of the Experiment
The paralysis tube is heated up to 700°C before 
starting the experiment
Temperature

100°C
150°C
200°C
250°C
300°C
350°C
400°C
420°C

  30
  45
  65

-
  85
110
180
220

-
-

  50
  80

-
140
170
200

  30
-
-

  70
100

-
155
170

  20
  30
  50
  80
105
145
180
200

Recovery in g per kg of Raw Material
Coke
Pyroligneous
Tar
Benzol
Gas and losses by difference 

227
200
256
    5
312

410
358
  26
    2
204

410
319
  70

-
201

358
396
 24
   2
220

Acetic Acid by Steam Distillation
% of pyroligneous
% of raw material

6.35
-

  4.0
1.43

14.5
  4.6

6.65
-

Distillation of Tar
Up to 100°C
From 100°C to 150°C
From 150°C to 200°C
From 200°C to 250°C
From 250°C to 300°C
Residue

     5
   9.5
11.5
12.0
38.0
24.0

-
-
-
-
-
-

   8.0
   9.0
34.0
12.5
17.0
16.0

-
-
-
-
-
-

in the equipment.  For instances some 
conveyors are heated in one plant and not in 
the other; fruit is heated up in the digester 
by steam jacket here and not heated at all 
during digestion elsewhere; some digesters, 
sterilizers and pipes are lagged, others 
are not. Finally steam consumption in one 
type of depericarper may attain 200 kg of 
steam per hour against nil in a pneumatic 
separator operating on air at ambient 
temperature. 

In the case of a steam engine operating 
against a back pressure, the whole of the 
3 barg steam output may be used for the 
various requirement for  heating and pro-
cessing.  There is therefore a large saving in 
steam consumption. 

On the average, taking into account the 
recovery of condensate from various parts 
of the mill estimates can be made on the 
basis of a heat requirement of 2 100 000 kJ 
to 2 520 000 kJ t-1 of FFB, that is 0.8 t  to 0.9 t 
of steam per tonne of FFB.  The efficiency of 
boilers in Africa ranges between 50%  and 
70%.  The processing of 1 t of FFB therefore 
requires approximately 4 200 000 kJ of heat 
input from fuel.

The calorific value of the various oil mill 
waste products are given in the previous 
section.  In practice, the waste products are 
wet and they contain oil.  Their calorific 
values are given to Table 7.
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TABLE 6. STEAM CONSUMPTION PER TONNE OF FRESH FRUIT BUNCH (FFB)

kg of steam kcl
Sterilization

Heating  in digester
a) live steam 
b) steam jacket 

250 – 300

30
40 – 70

160 000 – 190 000

19 000
25 000 – 45 000

Depericarper
a) vertical without  heating
b) with cold air

0
100 – 175

0
63 000 – 110 000

Kernel drier 25 16 000
Clarification
a) centrifuge and hydraulic press
b) screw press

50
100

32 000
63 000

Miscellaneous, heating, losses 50 32 000

Power: 25 hp hr-1  250 - 450 165 000 - 300

TABLE 7.  ACTUAL CALORIFIC VALUES OF BIOMASS

Moisture content  
(%)

Oil content 
(%)

Lower c.v. (kg) 
kcl   (kJ)

Shell

Fibre

Bunch refuse (EFB)

10

40
50

60
50

1

5
5

5
5

4500   (18 841)

2710   (11 346)
2175    (9 106)

1440    ( 6 029)  
1950    (8 164)

TABLE 8. CALORIFIC POWER AND AMOUNT OF WASTE PRODUCTS IN RELATION TO THE 
TYPE OF FRUIT

                 Dura DxT Tenera
Weight 

(kg)
MJ kg-1 C Weight

(kg)
MJ kg-1 C Weight

(kg)
 MJ kg-1 C

Empty 
bunch

180 8.2 350 180 8.2 350 180 8.2 350

Fibre   90 11.3     345 145 11.3    390 2 710 11.3    540

Shell 300 18.8 1 350 200 18.8    900 4 500 18.8    405

Total 570 - 1 975 535 - 1 640 - - 1 395
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TABLE 9.  COMPOSITION AND CALORIFIC VALUE OF GASES

1. EFB

Temperature of carbonization 
250°C 300°C

% gas Lower c.v. % gas Lower c.v.
CO2
O2
CnH2n
CO
H2
CnH2n + 2
Ind.

45.4
  0.6
  1.0
35.0
11.0
   0.6
    6.4

-
-

130
980
310
 50
-

37.6
0

   1.4
36.4
   9.8
   1.8
13.0

-
-

180
1.020
280
150

-
  100 1 470 100 1 630

2. Fibre 
                            225°C                                              275°C                                                          350°C

% gas Lower c.v. % gas        Lower  c.v.                    % gas Lower c.v.
56.0

0
0.8
23.0
10.8
1.2
8.2

-
-

105
645
300
90
-

53.8
0.6
1.4
29.4
5.8
2.4
7.2

-
-

180
825
165
210

-

33.6
   0.4
   3.2
36.0
  9.4
  5.0
12.4

-
-

  415
1 020
   265
   435

-
100 1 140 100            1 380                          100 2 135

3. Nut

200°C 300°C 350°C                                     375°C                            400°C                 
% gas Lower 

c.v.
% gas Lower 

c.v.
 % gas Lower c.v. % gas Lower 

c.v.
value

% gas Lower c.v.
value

O2
O2
CnH2n
CO
H2
CnH2n + 2
Ind.

77.4
0.7
0

18.9
0
0
3

-
-
-

525
-
-
-

73.2
  1.2
  0.2
22.0

0
  0.6
  2.8 

-
-

25
615

-
50
-

61.9
  0.6
  1.4
23.8
   0.8
   3.5
  8.0

-
-

180
670
  45
305
   0

58.7
  0.5
  1.9
23.5
0.7
9.7
4.9

-
-

250
660
20
845

-

33.1
  0.3
  4.6
16.7
  8.1
22.6
14.5

-
-

  600
   465
   230
1 965

-
100 525  100 690  100       1 205 100     1 775     100                    3 260

Figure 4. Schematic layout of a carbonization installation.
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Available Calorific Energy

Information is given in Table 8 regarding 
the heat available per tonne of FFB in the 
case of dura, tenera and DxT  (50% dura and 
50% tenera). 

 
It should be noted that no mention is 

made in Table 8 of the fact that a portion 
of the wastes cannot be recorded.  It is 

necessary to bear in mind that:
• one-third of the fibre finds its way into 

the crude oil in the continuous press 
extraction process;  

• two-third of the fibre goes into 
the crude oil in the case of the wet 
extraction process; and

• losses of shell may occur in the clay 
bath separator or as extraneous matter 
in the kernel. 
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Datasheet

COMPOSITION  OF PALM FRUIT  REFUSE

Shell 
(%)

Dry shell 
(%)

Fibre 
(%)

Dry fibre 
(%)

Volatile matter 71 78.05 75.8 83.4

Coke 20 21.95 15.1 16.6

Ash 0.7 0.75 3.0% 3.27

Fixed carbon 19.3 21.2 12.1 13.33

Water 9.0 - 9.1 -

Gross calorific 
value                        Btu lb-1

                                  kcal kg-1

                                  kJ kg-1

8 128

18 906

4 516

8 930

20 771

4 962

7 179

16 698

3 989

7 900

18 375

4 389

Nett 
calorific value         Btu lb-1

                                  kcal kg-1

                                  kJ kg-1

7 568

17 603

4 205

-

-

-

6 627

15 414

3 682

-

-

-

Source: Unilever  (1945).
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ADVERTISEMENT
ue to the increased cost of printing, the advertisement rate is RM 700 per issue for an 
A4 size page of black and white, whereas the cost for colour is RM 900.  One year 
of complimentary Vendor’s List advertisement for every one page A4-size colour or 
black & white advertisement. Advertisers are required to submit to us either their own 
black and white or colour artwork in CD. Cheque should be made payable to the 
‘Malaysian Palm Oil Board’.  If you have any queries, please contact the following at 
MPOB.

Tel: 03-87694400      Fax:  03-89262971

Dr. Lim Weng Soon  ext: 4406  •  N. Ravi Menon   ext: 4467 • Lim Soo Chin   ext: 4676 
E-mail:  milleng@mpob.gov.my 

Advertising Schedule for MPOB Palm Oil Engineering Bulletin 

Issue Quarter Deadline for
Registration

Deadline for
Submission of Artwork

98 Jan - Mar 2011 30 Jan 2011 27 Feb 2011
99 Apr - June 2011 30 Apr 2011 30 May 2011
100 July - Sept 2011 30 July 2011 30 Aug 2011
101 Oct - Dec 2011 30 Oct 2011 30 Nov 2011
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1.  We confirm our intention to advertise in the MPOB Palm Oil Engineering Bulletin.  

Company: 

Address: 

E-mail:                                                     Tel. No.:                              Fax No.: 
 
Contact Person:                                                             Issue No.: 

2.  The artwork is attached/will be sent on                                                        for your further action.
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Ms. Lim Soo Chin ext. 4676  or  e-mail:  milleng@mpob.gov.my 
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We wish to advertise in the MPOB Palm Oil Engineering Bulletin Vendor’s List

Company:                                                                                      Issue No.: 

Contact Person:                                                                               H/P:  

Address: 

E-mail:                                                               Tel:                                        Fax: 

Please find enclosed a crossed cheque No.:                                         Bank:

for RM:                                    (Ringgit Malaysia)

drawn in favour of  MALAYSIAN PALM OIL BOARD

Please select the headings from the list given below (not more than five headings) under which you wish to advertise.

Air filters/dryers
Air separators
Bearings/belts/bushes
Biomass/bio-compost/products
Boiler spares/control/others
Boiler suppliers 
Bunch crushers
Castings
Civil engineering 
Cleaning - general
Condition monitoring
Consultancy services/certification
Control/automation/spares
Conveyors/chains/elevators/belts
Diesel eng./services/spares
Dynamic balancing 
Electric motors/systems
Expansion joints
Fabrication works 
Fans

Signature:      

Name:  

Date:                                                                                                          Company chop

ADVERTISEMENT

F

#

Filter press/materials
Fluid control system/couplings
Gaskets/packing materials/seals
Gear boxes
Hardware 
Hydraulic systems/services/spares 
Laboratory analysis
Laboratory equipment
Lubricants
Mill machinery/spares
Miscellaneous
Nut crackers
Oil recovery systems
Palm kernel oil crushing plant
Power plant
Pollution control/safety systems
Pressure vessels
Pumps/services 
Purifiers
Screw press/parts

Scrubbers
Sludge separators/decanters
Steam turbines/generator/spares
Sterilizer/parts
Storage silos
Vacuum pumps
Valves/seats
Waste water treatment 
Water treatment
Weighing machines/spares
Welding equipments
Wheel loaders/spares 
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From:       

Address:   

Question/Comment:

Signed:                                                                                            Date:  

(We have enclosed this form to assist you in sending to us any questions or comments)

#
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Chairman
The Editorial Board
Palm Oil Engineering Bulletin 
Malaysian Palm Oil Board 
P. O. Box 10620
50720 Kuala Lumpur
Malaysia
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