
PALM OIL ENGINEERING BULLETIN NO. 102 1

Engineering Bulletin #102

front cover

ISSUE NO. 102       (Jan. - Mar. 2012)

LEMBAGA MINYAK SAWIT MALAYSIA
MALAYSIAN PALM OIL BOARD

KEMENTERIAN PERUSAHAAN PERLADANGAN DAN KOMODITI MALAYSIA
MINISTRY OF PLANTATION INDUSTRIES AND COMMODITIES, MALAYSIA

Website: www.mpob.gov.my



PALM OIL ENGINEERING BULLETIN NO. 102 1

EDITORIAL BOARD

Chairperson
Datuk Dr Choo Yuen May

Members
Dr Lim Weng Soon
Ab Aziz Md Yusof  

Secretary
Ir N Ravi Menon

Malaysian Palm Oil Board
Ministry of Plantation Industries and Commodities,

Malaysia
P. O. Box 10620, 50720 Kuala Lumpur, Malaysia

Tel: 603-8769 4400
Fax: 603-8925 9446

Website: www.mpob.gov.my

© Malaysian Palm Oil Board, 2012
All rights reserved.

No part of this publication may be reproduced, stored in a 
retrieval system, in any form or by any means, electronic, 

mechanical, photocopying, recording, or otherwise, 
without the prior written permission of the publisher.

Products and services advertised in this
Palm Oil Engineering Bulletin do not

connote endorsement by MPOB.

S
Editorial

see page 2

CONTENTS

Editorial

FORTHCOMING  EVENTS 
2012 MPOB Training Programme 

2012 MPOB Conferences/Seminars

FEATURE  ARTICLES
Introduction of the Theory of Corrosion to
Millers

Daring Concepts: Part 2 – Alternative Methods 
of CPO Clarification

TITBITS 

DATASHEET 
Energy Potential in Empty Fruit Bunches

1

7

9

19

31

29

8

ome engineers in palm oil mills do not 
appear to be concerned about the large 
quantity of steam blowing out of steam 

auxiliaries, flange joints or even through 
holes in the pipes. What is more surprising 
is that some of the engineers do hold the cov-
eted steam engineers competency certificate. 
The holder of this certificate is recognised by 
the government as a person who is an expert 
in the safe operation and application of steam 
generators as well as  steam equipment. He 
is also allowed to lay out steam pipes in the 
correct way. These are the expectations from 
a steam engineer.

What actually happen on the ground may 
be a different matter. The boiler is a very 
dangerous equipment. A boiler explosion 
caused by neglect can endanger the lives of 
many people. The boiler designers and the 
machinery department are well aware of the 
dangers involved.  The boiler design caters 
for the safe operation of the boiler  to ensure  
the safety of  workers and  equipment.  

Negligence comes in many forms. Some of 
them are: the boiler operator (usually known 
as engine driver) is supposed to test the 
gauge glasses attached to the boiler steam 
drum during every shift but it is doubtful 
whether they do this as prescribed. If the wa-
ter level drops below or rises above the glass 
level, there is no way to know where the ac-
tual level could be. Filling up the boiler with 
water, as is usually the case, is not a wise 
thing to do. The right procedure is shut down 
the boiler, let it cool down and then fill up 
with water or drain excess water. But millers 
will tend to be more worried about process-
ing the crop rather than ensuring the safety 
of personnel and equipment. They must ask 
themselves what are the priorities. This type 
of occurrence happens because of the neglect 
in the testing of gauge glasses during every 
shift. Yet in the boiler log sheet, they mechan-
ically log that gauge glasses were tested. It is 
therefore useful for the process engineer or 
the shift supervisor to check whether the en-
gine drivers actually carried out the testing 
of gauge glass. Sometimes the process engi-
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CALL FOR ARTICLES
Personnel of the palm oil mills are invited 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 main-
tenance.

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.

neers may have to compel them to carry out the 
test in their presence.

Defective steam traps continuously blowing 
steam to the atmosphere is another major neg-
ligence. Perhaps 90% of the mills do not seem 
to have given any thought to this as though this 
is not under their purview. On one side every-
one is talking about fuel saving and generation 
of renewable energy for export to national grid 
and on another side steam is merrily blowing 
away from all steam traps and steam joints. Why 
should steam blow away through a steam trap? 
The very name steam trap should convey the 
purpose of installing a steam trap. It is supposed 
to allow only condensate to be discharged and 
not steam but it is often the other way round. 

Some mills admitted that their steam traps 
were never opened for routine inspection even 
in 20 years or ever since the mill was built! Any 
mechanical device or equipment must undergo 
routine maintenance - at least once a year. In this 
case, the very fact that steam is issuing out of 
steam trap is a warning that it is defective. Then 
what is holding them back from opening the 
trap and having a look at what is malfunction-
ing. If mills need advice they could contact some 
companies which are experts in this line. They 
can even wire sensor chambers to electronic 
monitors capable of continuously scanning and 

displaying the readings on a LED display for 
detecting steam leaks from steam traps. This 
will be able to tell which steam trap is faulty.  
A faulty steam trap can release a substantial 
amount of steam to the atmosphere and that is 
money wasted. What will happen if all steam 
traps are faulty as is indeed the case in most 
palm oil mills?

Let us now have a closer look at the loss of 
steam. Steam is energy and to produce that 
steam fuel has to be burned in an expensive 
steam generator. Secondly, when fuel is burnt 
carbon dioxide is emitted. The steam released 
to the atmosphere is a wasted steam which  is 
also a greenhouse gas as published in Popular 
Science on 17 March 2010. If all the steam is uti-
lised as in process heating, the  role as a green-
house gas is eliminated, the exception being 
sterilisation of fresh fruit bunch (FFB). In other 
process, heating steam is generally condensed 
during which it releases a large amount of la-
tent heat (enthalpy of condensation) to the me-
dia that is heated. It is important to remember 
that in any process heating, maximum heat 
transfer can take place only if steam changes 
its phase from gaseous to liquid.

The mill engineers will be doing a good ser-
vice to society if they can sincerely tackle the 
problems of steam wastage. Using biomass as 
mulch or other products is far better than con-
verting them into steam and let it to waste.
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2012 MPOB TRAINING PROGRAMME SCHEDULE

CODE 
NO.

TITLE DATE VENUE

A COURSES
1 OIL PALM

A1.1 Kursus Kemahiran Menggred Buah Sawit
Bil. 1: Wilayah Tengah 24-26 Apr Hotel Melang, 

Kuala Pilah, Negeri 
Sembilan

Bil. 2: Wilayah Utara 27-29 Mac Hotel Grand Court, 
Teluk Intan, Perak

Bil. 3: Wilayah Selatan 19-21 Jun Hotel Caterina, 
Batu Pahat, Johor

Bil. 4: Wilayah Timur 15-17 Mei Hotel Permai, 
Kuala Terengganu, 
Terengganu

Bil. 5: Wilayah Sabah 10-12 Apr PLASMA, Lahad Datu, 
Sabah

Bil. 6: Wilayah Sarawak 17-19 Jul Sibu, Sarawak
Peperiksaan Bil. 16: Sabah Sep* *
Peperiksaan Bil. 17: Semenanjung Okt* *

A1.2 Intensive Diploma in Oil Palm Management 
& Technology (IDOPMT)
Semester I 11-29 Mar MPOB HQ
Estate Attachment 2-6 Apr MPOB HQ
Semester II 9 Apr-18 May MPOB HQ
Estate Attachment 14-18 Jun MPOB HQ
Semester III 21 May-7 Jun MPOB HQ

A1.3 Kursus Operator Mekanisasi Ladang
Tahap 1 dan 2 Mac-Ogos PLASMA, Keratong
Tahap 1 dan 2 Sep-Feb PLASMA, Keratong

A1.4 Kursus Pengurusan dan Penyelenggaraan 
Tapak Semaian Sawit
Bil. 1: Wilayah Sarawak 17-18 Apr Hotel Imperial, Miri, 

Sarawak
Bil. 2: Wilayah Sabah 8-9 Mei Hotel King Park, 

Tawau, Sabah
Bil. 3: Wilayah Timur/Selatan 10-11 Jul Hotel Prime City, 

Kluang, Johor
Bil. 4: Wilayah Utara 11-12 Sep Hotel Orient Star, 

Lumut, Perak
Bil. 5: Wilayah Tengah 16-17 Okt *
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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

All information are correct as at press time.

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

& Management (DIPOM)
Semester I 9-18 Apr PLASMA, Lahad Datu
Semester II 7-16 May PLASMA, Lahad Datu
Semester III 2-11 Jul PLASMA, Lahad Datu
Exam Semester III 3-4 Sep PLASMA,  Lahad Datu

A2.2 The 26th MPOB Oil Palm Products Surveying Course 2-6 Jul Johor Bahru, Johor
The 24th MPOB Oil Palm Products Surveying 
Examination

Sep* *

A2.3 Kursus Penyelia Kilang Minyak Sawit 3-7 Sep MPOB HQ
Peperiksaan 10 Oct MPOB HQ

A2.4 Kursus Pengendali Makmal Kilang Minyak Sawit 
dan peperiksaan

7-17 Mei PLASMA, Lahad Datu

A2.5 Colour Cosmetic Course 8-12 Oct MPOB HQ
A2.6 Margerine Course 21-25 May MPOB HQ
A2.7 Kursus Kemahiran & Pengetahuan Asas Rawatan 

Tertiari Efluen Sawit
* PLASMA, Lahad Datu
* PLASMA, Keratong

2-3 Jul *Sarawak
A2.8 Kursus Penyelia Bengkel Kilang Sawit 24-28 Sep MPOB HQ

B 2012 MPOB CONFERENCES/Seminars
1 Palm Oil Economic Review and Outlook 

Seminar 
19 Jan Renaissance Hotel, 

Kuala Lumpur
2 PAC Seminar  5 Apr MPOB HQ
3 PILIP Seminar 14-15 May Doubletree By-Hilton, 

Kuala Lumpur
4 TOT Seminar 14 Jun MPOB HQ
5 GSAS Seminar 15 Jun MPOB HQ
6 MPOB-Industry National Forum 28 Jun Palace of the Golden 

Horses
7 Seminar Kebangsaan Pekebun Kecil  Sawit 10-11 Sep Hotel Promenade, 

Kota Kinabalu, Sabah
8 International Conference on Oil Palm Biomass 20-21 Sep Istana Hotel, 

Kuala Lumpur
9 32nd Palm Oil Familiarisation Programme 

(POFP 2012)
1-8 Sep Doubletree By-Hilton, 

Kuala Lumpur
10 Palm Oil Mechanisation Seminar 23-24 Oct Equatorial Hotel, 

Bandar Baru Bangi
11 National Seminar on Palm Oil, Milling, Refining and 

Quality (POMREQ)
27-28 Nov Magellan Sutera 

Harbour Resort
12 MPOB-Industry National Forum Dec* *Kuala Lumpur
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Introduction of the Theory of Corrosion to Millers 
Andrew Yap Kian Chung*

* Malaysian Palm Oil Board, P. O. Box 10620, 
 50720 Kuala Lumpur, Malaysia.
 E-mail: andrew@mpob.gov.my

ABSTRACT

ust is a common electrochemical 
corrosion problem regularly faced 
by the palm oil industry but most 
millers and refiners have shown only 

lukewarm interest in taking serious steps to 
control rust in the mill machinery especially 
the storage tanks. Metals act as catalysts in  
the oxidation reaction where palm free fatty 
acids react with the iron from the bare metal 
surfaces to produce oil soluble metallic soaps 
that will eventually result in pitting on the 
inner tank surfaces. This in turn leads in oil 
quality deterioration in a relatively short period 
of time. The most common and effective way to 
prevent corrosion is to isolate the metal surfaces 
from electrolyte by keeping the  surface dry 
and by applying a protective film coating like 
epoxy coating, epoxy phenolic coating or linseed 
oil. Proprietary rust treatment formulae may 
provide appropriate solution but tend to be rather 
expensive due to the fact that such formulations 
often comprise inexpensive common chemicals. 
Commercial rust converters usually are water-
based primer which contain tannic acid or 
phosphoric acid and an organic polymer usually 
2-butoxyethanol that can be applied directly to a 

rusty surface without bringing the surface down 
to bare metal.  The use is not practical because 
the accurate thickness and composition of the 
rust film is impossible to determine. Generally, 
increased corrosion resistance can only be 
obtained at an increased cost.

INTRODUCTION

Palm oil mills are equipped with machinery 
such as boiler, steriliser, etc. and necessary 
supporting structure which are made of 
mild carbon or stainless steel. Rust is an 
electrochemical corrosion process that 
occurs in the presence of iron, water and 
oxygen. When iron is immersed in water, or 
when there is a minimum of 40% humidity 
moisture from the air condenses on  the 
iron  surface, an infinite number  of cathode  
and anode sites are established uniformly 
and distributed over the metallic surface 
as shown in Figure 1. The dissolved oxygen 
reacts with iron causing the formation of 
iron oxides known as hematite or magnetite 
in its mineral form. There are two distinct 
chemical reactions in a corrosion process 
which are anode dissolution of iron that 
goes into solution and cathode reduction 
of oxygen dissolved into water as shown 
in the Reactions (1) and (2) respectively. 
Reaction (3) shows the formation of iron 
hydroxide (Cushman and Gardner, 1910).
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2Fe → 2Fe2+ + 4e- (1)
O2 + 2H2O + 4e- → 4OH- (2)

2Fe2+ + 4OH- → 2Fe(OH)2 (3)

Iron hydroxide then reacts with oxygen 
to form iron oxides as shown in Reaction 
(4).  Thus, the corrosion rate is a function of 
temperature, pH and fluid velocity.

4Fe(OH)2 + O2 → 2Fe2O3 (hematite) + 4H2O
6Fe(OH)2 + O2 → 2Fe3O4 (magnetite) + 6H2O (4)

Hematite bulges out because the iron 
oxide takes up more physical space than 
iron but magnetite takes up the same 
amount of space as iron, thus, it doesn’t 
bulge out. Only iron and steel oxidation is 
known as rust.

HELMHOLTz ELECTROLyTIC 
DOUBLE LAyER

The double layer model is used to visualise 
the ionic environment in the vicinity of 
a charged surface due to ionic groups on 
the surface of a dielectric or a metal under 
potential. The balancing counter charge 
in the liquid will be concentrated near the 
charged surface as shown in Figure 2. Thus, 
a small but finite volume of the liquid at the 
boundary of two phases possesses different 
properties from the extended bulk liquid. 
There are several theoretical treatments 
of the solid-liquid interface such as Gouy-

Figure 1.  Cathode and anode formation on a metal surface.

Chapman Double Layer and Stern Modified 
Diffuse Double Layer.  Helmholtz Double 
Layer theory is the simplest approximation 
that the surface charge potential is linearly 
neutralised by counter ions placed at a 
certain distance away from the surface. 

If two types of metal ions present in a 
solution, the metal ion with smaller solution 
pressure will give up its electrical charge 
and returns to the metallic state while 
plating another metal. At this point, the 
first electrolytic layer with positive charged 
metal tends to set up a second electrolytic 
layer with opposite polarity to the first. 

Water is dissociated into H+ and OH- ions 
naturally in small definite extent. When a 
strip of pure iron comes into contact with 
water, positively charged iron ions are 
introduced into the water.  The H+ ions 
plate out on the iron strip due to smaller 
solution pressure, leaving the free OH- ions 
to balance the positive charges iron ions.

CORROSION IN ELECTROLyTIC 
THEORy

Every metal that dissolves in water forms 
hydroxide which exhibits different rate of 
decomposition that varies from instant and 
rapid decomposition as shown in sodium 
and potassium to approximately zero for 
gold and platinum. Iron solution can be 
placed in between the two extremes and its 
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Figure 2.  Electrolytic double layer ion formations.

position is greatly influenced by impurities 
or added substances contained in the metal 
and solvent. The slightest segregation of the 
metal will disturb the surface equilibrium 
causing a rise in the rate of decomposition 
at only some point. If the surface points are 
in contact via an electrolyte, the maximum 
solution pressure points will be electro-
positive with reference to the negatively 
charged hydroxyl pressure point leading to 
the flow of an electric current.  The corrosion 
rate is a function of electrolyte conductivity 
due to the faster rate of metal dissolution in 
the electro-positive areas. 

If the hydrogen ion concentration is 
sufficiently high, the hydrogen ions will 
exchange their electrostatic charges with 
the iron atoms sweeping into solution and 
gaseous hydrogen is seen bubbling out 
from the system. However, during ordinary 
rusting due to the low acidity environment, 
the hydrogen ions polarise to a great 
extent around the positive nodes without 
accomplishing a complete exchange and 
form Helmholtz electrical double layer. 
This polarisation effect resists and slows 
down the action. Thus, the concentration of 
ferrous hydroxide grows as soon as the iron 
sweeps into solution but the ferrous reaction 
appears in one place and the hydroxyl in 
another. Then oxygen from the atmosphere 
dissolved in the solution oxidise the ferrous 

ions to form the insoluble iron oxides which 
are precipitated as rust and the action of 
hydrolysis continues. 

RUST AND PREVENTION

In zone corrosion,  rust occurs in localised 
areas only leaving the larger part of metal 
surface intact. There are three types of zone 
corrosion.

Galvanic corrosion is the disintegration 
of the metal surface due to electron flow 
between metals whenever two dissimilar 
metals are in contact with each other.  This 
could be prevented by replacement of the 
wasted metal component with a metal 
compatible with the mating piece.

Crevice corrosion occurs around the 
joints and seams of metal fixtures where 
dirt accumulates allowing moisture to 
collect and initiates corrosion. 

Pit corrosion occurs due to moisture 
retained in microscopic craters formed on 
metal surfaces when bombarded by wind 
with minute particles of dirt, salt or sand. 

The most common and effective way 
to prevent corrosion is to isolate the metal 
surface from electrolyte by keeping the 
surface dry and coating it with a water 

Solid surface

Bulk liquid

Compact layer Diffuse layer
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resistant film like paint, electro plating, 
lacquer or wax. All traces of rust must 
be removed before coating is applied on 
any metal surface. Epoxy primer is a non-
porous finish that is typically recommended 
as the first basecoat over bare steel or the 
black iron phosphate coating that remains 
after rust converting. Weld-through primer 
is often applied to the mating area and 
doesn't burn off when welding to provide 
protection on lap welds and inner weld 
seams.

Corrosion inhibitor is a substance 
applied in small quantity to effectively 
reduce a specific metal corrosion when 
exposed to the specific environment. The 
selection of corrosion inhibitors depend on 
the environment concerned, the required 
design life, the physical requirements of the 
material, appearance and availability of the 
ready stocks. Generally, increased corrosion 
resistance can only be obtained at increased 
cost (Afidah Abdul Rahim, 2005).

Figure 3.  Molecular structure of tannic acid.

Rust converters are solutions or primers 
designed to be applied directly to a rusty 
surface without the need for the surface 
to be brought down to bare metal. This 
interact with iron oxides especially Fe2O3 
to form a noble and protective black layer 
that possesses    resistance against humidity 
and prevent further corrosion process. 
Commercial rust converters usually are 
a water-based primer containing  tannic 
acid as shown in Figure 3.  The  iron oxides 
is converted to ferric (III) tannate and an 
organic polymer usually 2-butoxyethanol 
(C4H9OC2H4OH) that provides a protective 
primer layer. Reaction (5) shows the tannic 
acid reaction on the rust. Phosphoric acid 
may also be used in some formulations 
converting the rust to form firmly adhering 
iron phosphate layers as shown in Reaction 
(6).

C76H52O46  + 5Fe2O3 + 6O2 → 5Fe2(C14H7O9)
(OH)3 + 6CO2 + H2O

(5)

2H3PO4 + Fe2O3 → 2FePO4 + 3H2O (6)
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The use of rust converters is not 
practical because the accurate thickness 
and composition of a rust film is impossible 
to be gauged. Excessive use of the rust 
converter will cause it to form an acid 
surface whereas insufficient amount will 
cause incomplete conversion yielding rust 
residual that form the starting point for 
new corrosion processes. 

DISCUSSION AND CONCLUSION

Most millers and refiners have neglected 
the storage tank maintenance. Research 
results show that about 3 ppm of iron was 
picked up by the oil samples in an uncoated 
drum over a period of six months and free 
fatty acids increased from 3.8 ppm to 60 000 
ppm after about 800 days under normal 
storage conditions (Chong, 2000). Palm free 
fatty acids reacts with the iron from the bare 
metal surface to produce oil soluble metallic 
soaps as shown in the Reaction (7).

2RCOOH + Fe(OH)2 → Fe(OOCR)2 + 2H2O (7)

Thus, the oil quality deteriorates in 
relatively short periods of time.

There are many rust treatment products 
available in the market but proper 
assessment for a rust treatment solution 
may require several years when outer 
finishing layers are removed so that any 
existing underlying rust could be examined. 
Thus, many consumers are bonded to 
specific well-known branded products with 
proprietary rust treatment formulas. The 
solution may be appropriate but tend to be 
rather expensive due to the fact that such 
formulations often comprise inexpensive 
common chemicals. Indeed exploring other 
potential options may achieve better results 
at a lower cost.

Tank coating is crucial for palm oil 
industry and should fulfill requirements as 
stated to ensure durability and oil quality 
preservation:

• smooth surface finishing and suitable 
for steam cleaning; 

• impervious to oil and comply with FDA 
regulations; and 

• resistant to low molecular weight fatty 
acids at temperature of 50°C to 90°C.

Under the present practice, bare metal 
surface preparation is normally done using 
rotary red brush. Epoxy coating is advisable 
at least 3 m from the bottom because water 
condensed from the moisture content of 
the oil will accumulate at the bottom over 
a period of time due to its higher density 
compared to oil. Protective coating using 
linseed oil at approximate 1 litre m-2 is also 
applicable but the coating layer that can 
be peeled off needs replacement during 
scheduled cleaning. 
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Electro plating is the process of creating a 
permanent coating of material on an object 
using electrical currents.  It is usually 
used to coat metal with a wide variety of 
coating materials such as chromium, gold, 
silver, bronze, copper, lead, nickel and tin 
to improve the appearance or performance 
characteristics of an object. It allows more 
expensive or desirable metals to coat on 

Figure A1.  Electroplating process schematic and parameters.

Process parameters

pH
Impurity 
Plating time
Current density
Bath additive
Bath temperature
Bath solution concentration

Additives
Cyanides (CN-) facilitate anode corrosion, 
carbonates (CO   ) and phosphates (PO  ) 
increase conductivity.

more affordable or less attractive base 
metals, protect the object or help to increase 
its resistance to rust and corrosion, help to 
increase the size of a metal object so that it 
will fit any desired application and serve 
a decorative function. Figure A1 shows the 
electro plating process schematic diagram 
and the process parameters.

Appendix 1

  3–
4

  2–
3
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* Malaysian Palm Oil Board, P. O. Box 10620, 
 50720 Kuala Lumpur, Malaysia. 
 E-mail: nravi@mpob.gov.my

Daring Concepts:  Part 2 - Alternative Methods of 
CPO Clarification

N Ravi Menon*

INTRODUCTION

e must always ask the question: 
can the existing methods of oil 
extraction continue to remain 

stagnant say in 100 years’ time. If the 
answer is no, then this article will help to 
rejuvenate  the mind to be pro-active and 
creative. This may sound ridiculous now 
but may improve the processing techniques 
currently being practiced in palm oil mills. 

We are all well-versed with the 
conventional system of crude palm oil 
(CPO) clarification comprising the de-
sander, crude oil tank, crude oil pump, 
continuous static clarification tank, pure 
oil tank and the vacuum dryer. It is highly 
unlikely that in the year say 2112, 100 years 
from now, this method will still prevail 
without undergoing drastic changes in 
technology. Now to make an attempt to give 
an answer to the million ringgit question: 
what changes need some real dreaming and 
thinking? We hoped that millers will come 
up with some ideas but so far the response 
had been poor. No one is willing to think. 
Some are afraid of proposing fearing they 
may get ridiculed. This should not be the 

case as even intellectuals are known to 
have experimented with ideas which were 
fatuous and foolhardy.

The following article is certainly not the 
expected next century technology. It is still 
within our present era. Crude oil separation 
can be split into a few phases.

PHASE I

The crude oil is allowed to flow through a 
coalescence plate separator where the bulk 
of the solids and oil can be separated. The 
almost pure oil that rises up through the 
inter plate spaces can be tapped off from 
the top while most of the solids can be 
discharged from the bottom.  

If 80% of the oil and 50% of the solids 
have been separated using coalescence 
plate separator, let us  find out the volume 
that comprises the heavy phase discharging 
from the mid-section of the separator. The 
crude oil contains approximately 55% oil, 
35% water and 10% solids as a rule of the 
thumb. Some minor variations are possible 
based on crop quality.   

PHASE II

If the heavy phase from the coalescence 
plate separator in Figure 1 is allowed to 

15
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flow in a laminar thin film over a number 
of ridges placed in a long  and wide 
channel, most of the sand would be trapped 
and if alternating ridges have bottom 
perforations, the oil also could be separated 
from the sludge as shown in Figure 2a (plan) 
and Figure 2b (elevation). The recovered oil 
from alternate chambers can then be tapped 
off and collected in the pure oil tank.

The pure oil thus separated may not 
require further clarification other than 
vacuum drying. You may have variations of 
this concept as the shown in Figures 1 and 2. 

The 5% solids separated from the 
coalescence  plate separator can be dried in 
drying beds during hot days but on rainy 
days it may not be possible to resort to that 
method for drying.

Alternatively, the underflow can pass 
through a vertical static clarifier or another 

Figure 1. Coalescence  plate separator.

coalescence plate separator with closely 
packed plates or tubes to enable further 
oil separation. A rotary separator like the 
sludge centrifuge may not be required for 
further oil recovery when the residual oil 
in the sludge has dropped to below 0.5%. 
If during this phase, the water phase is 
drained out wherever possible; the absolute 
oil loss in the sludge would also drop 
significantly. 

There is no evidence on the use of hydro-
cyclones to separate the heavy phase from 
crude oil in any of the publications. Perhaps 
the discouraging factor could have been 
the possibility of emulsification of crude 
oil when subjected to centrifugal action. 
Now with wide use of centrifugal pumps 
for crude oil pumping, the emulsification 
issue does not appear to be an objectionable 
issue anymore to the millers even though 
theoretical and logical considerations  
indicate otherwise. Let us look at how 

INCLINED PLATES

OIL

SLUDGE

SOLIDS
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TABLE 1.  COMPONENTS OF CRUDE PALM OIL EX-PRESS

Ex-screw 
press (a) (%)

Remove (%) 
(b)

Actual % to 
original c= (axb)

Balance %
(a-c)

New 
percentage

Oil 55.0 80 44.5 10.5 20.8

Water 35.0 0 0.0 35 69.3

Solids 10.0 50 5.0 5   9.9

Total 100.0 - 49.5 50.5 100

Note: the new values are: oil 10.5%, water 35% and solids 5%, the totalling  51%. 
The volume also has dropped by almost half.

b.   Flow through ridged channel – elevation.

Figure 2.

a.   Flow through ridged channel – plan.

we can adapt hydro-cyclones for oil 
separation, temporarily ignoring the threat 
of emulsification. 

Some research has to be done prior to 
actually setting up a hydro-cyclone system 
on a commercial scale as some optimisation 
is required to produce the best results.   A 
suggested approach is to fabricate a pilot 
scale model with an adjustable vortex 
pipe (Figure 3). The critical variables are 
the bottom cone position in relation to 
the position of the tip of the vortex pipe, 
cone angle and the cone discharge orifice 
diameter. It is very similar to the cracked 
mixture separation system used for kernel 
recovery in the nut station. 

 

Apart from cyclone dimensions the 
position of the inner vortex tube from the 
flange joint (X) also constitute another 
variable. The height of the tip of the vortex 
tube from the flange  can be altered in steps 
of 1 cm  and probably about 10 variables can 
be created making a total of 270 readings in 
all.

After conducting a number of trials, it 
is possible to separate pure oil and allow 
it to discharge through the inner vortex 
pipe. The heavy phase discharging through 
outer vortex should not have residual oil 
exceeding 3% to 4% as a percentage to the 
sample. The aim should be to reduce the oil 
loss in the sludge water discharged by the 
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Figure 3. A typical  hydro-clone for oil water separation.

Inner vortex pipe height adjusting wheel

Clean oil outlet

Mixed oil outlet

TABLE 2. HYDRO-CYCLONE   DIMENSIONS  FOR PROPOSED  TRIALS

                     No. Cone angle (α)
(mm)

Cone dia.  (d)
(mm)

Cone ht. (h)
(mm)

1 10 4 100

2 20 6 80

3 30 8 60

10 dia. 

series

20 dia.

series

30 dia.

series

4 (100,80,60) 4(100,80,60) 4 (100,80,60)

6((100,80,60) 6 (100,80,60) 6 (100,80,60)

8((100,80,60) 8 (100,80,60) 8 (100,80,60)

cone 
height 

(h)
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cone to as low as possible. The conventional 
sludge separators have limitations on 
the minimum oil loss in the heavy phase. 
It seldom drops below 0.3% on sample. 
Perhaps hydro-cyclones would be able to 
outperform sludge separators especially 
when double vortex pipes are installed for 
fine tuning the phase boundary.

In order to better understand the 
principle involved in oil separation and oil 
loss, it is useful for the fresh engineers to 
have a close look on the impact of crude oil 
dilution during processing. 

Let us assume that the volume of press 
liquor in a 60 t hr-1  mill  = 35 m3  (discharge 
from the press).

If after adding 50% water (35 m3 +17.5 
m3 = 52.5 m3),  it passed through the 
clarification station, the  final residual oil 
content in the sludge water was found to be     
0.4 % to sample.

Assume sludge to fresh fruit bunches 
(FFB) ratio to be 0.65%.

Absolute oil loss in this case will be 52.5 
x 0.4%  = 0.21 m3 hr-1.

If there was no dilution at all, the 
absolute oil loss would have been 35 x 0.4%  
= 0.14 m3 hr -1.

The additional oil loss caused by dilution 
was 0.21-0.14 = 0.07 m3 hr -1 (50%).

The dilution has contributed to 50% 
increase in absolute oil losses even though 
in terms of percentage losses on the final 
discharge both give the same results and as 
such acceptable to all.

Let us look at the financial losses.

FFB processing hours per year = 20 x 300 
= 6000. 

Oil lost due to dilution = 6000 x 0.07 = 42 
m3 yr-1 (say 40 t).

Revenue lost at RM 3000 t -1e = RM 
120 000.

Revenue lost per tonne of FFB by 
dilution = RM 0.67 t hr -1. 

Just remember by dilution, you are 
burning away 67 sen t -1 FFB per year.  

In this case, we did not take into account 
the cost of 180 000 t of treated water used 
for  CPO dilution. 

Feature Article
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L et us have a close look at empty fruit bunch (EFB)  purely as fuel. It contains between 65% 
to 70% moisture and it is most likely the fuel with maximum moisture content. Owing to 

its abundant availability coupled with its least utility by the industry, it was accorded a very 
high ranking by the renewable energy promoters as the most potential fuel for it. This article 
is intended to disseminate some useful data to the millers so that they may not have to carry 
out much thermodynamic calculations to arrive at the actual energy contained in the fuel.

The available data are:

Average net calorific value of EFB at zero moisture level :  18 795  kJ kg-1

The EFB production in a 60 t hr -1 mill processing  
    360 000 t yr-1 at 23% production rate :   360 000 x 23%
                                           :   82 800 t (wet)
Dry fraction will be 30% of this :   24 840 t (dry)
 :  24.84 x 106 kg
At low calorific value of  EFB  =18.7 95 MJ kg-1, 
energy content of EFB      :   18.795 x 24.84 x 106 MJ
 :  467 x 106 MJ ……. (i)
At 70% moisture content in 82 800 t  EFB, moisture :  57 960 t = 57.96 x 106 kg 

Enthalpy required to evaporate this at atmospheric pressure is derived as follows:

Latent heat of evaporation at atmospheric pressure :  2.258 MJ kg-1 (steam table)
Heat required to evaporate 57.96 x 106 kg of water   :  131 x 106 MJ ……  (ii)
Heat available for useful power generation (467-131)106 MJ  :  335 x 106 MJ

Assuming that the thermal efficiency of a typical power plant is 23% using condensing  steam 
turbine  (335 x 106 MJ x 23% = 77.28x 106 MJ);    (77.28 MJ/3.6 = 21.5 MWhr=21 500 kWhr).

If this power plant operates 6000 hr  a year, the power plant capacity, 21 500/6000  =  3.6 MW

EFB: The Impact of its High Moisture Content on 
Power Generation
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As this is not an attractive proposal, let us look at alternatives:

As the moisture level in EFB is too high, it has to be brought as low as possible without 
taking too much of the energy contained in the dry portion of the EFB. A comfortable moisture 
level that should be aimed for EFB is 30%. This would bring down:

the heat of evaporation of the  moisture from 131 x 106 EFB :  56 x 106  MJ 
i.e. by proportionating  (131/70%) x 30% = 56 x 106 MJ. Heat lost now = (56/466.86)% = 12%
Useful energy = 467  x 106  – 56 x 106  :  411 x 106  MJ
At 23 % thermal efficiency, energy produced =    94.5 x 106  MJ :  26 x 106  MWhr
As the moisture level is 30% compared to 0% when fully dry, efficiency would drop.
Power plant size (should in cases be the same) =  26 MWhr x 106  MJ :  4.4 MW

In both cases, the power produced will be the same but boiler efficiency will vary.

The combustion chamber need to be bigger in this case to handle the steam. The EFB cannot 
be dried 100% as below 6%, it will start absorbing moisture from the atmosphere and become 
stabilised at this level.

Now we can consider a pre-drying chamber, where some of the moisture can be evaporated 
so that boiler furnace need not be expanded before combustion proceeds  in a boiler furnace.

The data related to useful energy, drying energy, power plant size  and other related data 
are given in the Datasheet Section in this issue.  
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FFB processed per hour 
(t)

90 80 60 45 40 30 20 10

Processing hours per year 
(t hr-1 x 20 x 300) 

600 600 600 600 600 600 600 600

FFB processed (t yr-1) 54 000 48 000 36 000 27 000 24 000 18 000 12 000 6 000
EFB as a % of FFB     

processed (%)
23 23 23 23 23 23 23 23

EFB generated  (t yr-1)  12 420  11 040  8 280  6 210  5 520  4 140  2 760  1 380 
Initial moisture (%) 67 67 67 67 67 67 67 67
Wet weight (t)  8 321  7 397  5 548  4 161  3 698  2 774  1 849     925 
Dry weight (t)  4 099  3 643  2 732  2 049  1 822  1 366  911       455 
Lower cal. value (M kg-1) 18.795 18.795 18.795 18.795 18.795 18.795 18.795 18.795
Gross energy content in 

EFB (MJ kg-1)
 77 033  68 474  51 355  38 517  34 237  25 678  17 118  8 559 

         
Enthalapy of evaporation 

(MJ kg-1)
2.258 2.58 2.58 2.58 2.58 2.58 2.58 2.58

Final desired moisture (%) 40 40 40 40 40 40 40 40
Mass of moisture to be 

evaporated
 3 353  2 981  2 236  1 677  1 490  1 118     745      373 

Heat required for moisure 
evaporation (MJ)

 8 652  7 690  5 768   4 326  3 845  2 884  1 923        961 

         
Net energy in EFB (MJ)  68 381  60 783  45 588  34 191  30 392  22 794  15 196  7 598 
Tharmal efficiency -power 

generation (%)
23 23 23 23 23 23 23 23

Energy output/generator 
output (MJ)

 15 728  13 980  10 485  7 864  6 990  5 243  3 495  1 748 

Energy output/generator 
output in m Whr

 4 369  3 883  2 913  2 184  1 942  1 456      971      485 

Operating hours per year 
(hr)  20 hr  x 300 d

 6 000  6 000  6 000  6 000  6 000  6 000  6 000  6 000 

         
Power plant size (MW) 0.7 0.6 0.5 0.4 0.3 0.2 0.2 0.1
         
Drying energy as a % to 

total energy
11 11 11 11 11 11 11 11

ENERGy POTENTIAL IN EMPTy FRUIT BUNCHES
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