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Editorial

alm oil mills are well recognised
for generating a large amount
of waste products or biomass
as it is currently known due to its newly
acquired status as a resource raw material
that has the potential to produce a
number of value-added products. It is a
great pleasure to witness MPOB scientists
working hard putting their heart and
soul together to churn out value-added
products. Apart from the biomass
products that are directly responsible for
the generation of value-added products
there other liquid and gaseous products
like the waste water and waste steam
that are more related to environmental
pollution.
In this issue of the Palm Oil Engineering
Bulletin, the researcher Ropandi Mamat
has presented the finding of his detailed
investigation covering every section
of a conventional palm oil mill. His
suggestions to implement possible waste
reduction exercises can be adopted
by the mills as it can give positive
operational benefits for the mills in terms
of sustainability. If the water phase of
the sterilisation process is recovered
and recycled for CPO dilution, then
the effluent production can be reduced.
Likewise there are many areas where the
waste water can be cleaned up and used
as process water. The other areas where
water can be recycled is in the kernel
recovery station, where the water from
the hydro-cyclones or hydro-clay bath
also can be recycled reducing the water
usage for processing.
The environmental friendly kernel
recovery system developed by Pn Rohaya
has been operating for some time in some
mills which have rightly recognised the
impact of the kernel extraction plant on
the environment. The dry separation,
although familiar to the millers for a
long time, failed to create any serious
impression on the millers to consider it for
complete replacement of the prevailing
two wet separation systems for the
see page 2
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cracked mixture separation. This was because
of several issues particularly excessive oil
loss in shell that they could not overcome
due to lack of perseverance and commitment
to protect the environment. Now with the
proper attention given to environmental
issues coupled with constant effort and a
great deal of patience MPOB research team
has managed to overcome the issues. The
researchers managed to balance both the
mass flow rate of the air and its separation
velocities at each feeding points of the kernel
and shell mixture. The important criteria for
a perfect separation of kernel and shell are
good quality kernel with least shell content
as well as least kernel loss in the shell. The
system developed and in operation now has
successfully managed to achieve the two
objectives and now it is for the mills to adopt
it in their mills in order to reduce the volume
of the effluent discharged to the water source
by at least 10%.
There is no doubt that in the future all
analysis will be handled by the near infrared
(NIR) analysers. The paper on NIR probably
could be an eye opener some of the millers. Its

ability for rapid data capture and analysis in
a fraction of a minute is incomparable to the
obsolete manual system that can take a day or
two. MPOB researcher Fatah Yah Abd Manaf
and her team has already installed in a mill
a complete automatic dilution control system
that can measure the moisture content in the
production crude palm oil and compare it
with a set reference value and activate a water
injection online and maintain a constant water
dilution within fraction of a minute. Likewise,
if in the production of CPO is found to have
a FFA say below 2.5% that batch of oil can be
diverted through an auto-diversion valve to
another CPO storage tank. It is impossible
to execute this feature manually as when
manually, the FFA is analysed and a valve
is activated the FFA value of the COP would
have changed. Sirinapa (Mui) Sanawong and
Dagmar Behmer has given a good insight on
this analyser in this issue so that millers are
aware of these new technologies that are well
established in Euro Agro industries. It is time
for Malaysia to adopt these analysers for auto
control of CPO process activities.

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
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.
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Training & Seminars

MPOB TRAINING PROGRAMME SCHEDULE 2017

CODE
NO.

TITLE

DATE

VENUE

Wilayah Utara

25 - 27 Apr

Taiping Perdana Hotel,
Taiping, Perak

Wilayah Tengah

16 - 18 Mei

Hotel Melang, Kuala Pilah,
Negeri Sembilan

Wilayah Sabah

7 - 9 Mac

PLASMA Lahad Datu, Sabah

Wilayah Timur

28 - 30 Mac

Hotel Felda Residence, Kuala
Terengganu

Wilayah Sarawak

11 - 13 Apr

Mega Hotel, Miri, Sarawak

4 - 6 Apr

Hotel Classic, Muar, Johor

A

COURSES

1

OIL PALM
Kursus Kemahiran Menggred Buah Sawit

A1.1

Wilayah Selatan

Intensive Diploma in Oil Palm Management and Technology (IDOPMT)
A1.2

Semester I

24 Jul - 11 Aug

Semester II

21 Aug - 18 Sep

Estate Attachment
Semester III

14 - 18 Jul

MPOB Head Office

19 Sep - 6 Oct

Kursus Operator Mekanisasi Ladang (KOML)
A1.3

Tahap 2

Apr (5 bulan)

Tahap 3

Okt (5 bulan)

PLASMA Keratong, Pahang

Kursus Pengurusan dan Penyelenggaraan Tapak Nurseri Sawit

A1.4

Wilayah Sarawak

28 - 29 Mac

Mega Hotel, Miri, Sarawak

Wilayah Sabah

26 - 27 Sep

Lohan Rest House, Ranau,
Sabah

Wilayah Timur/Selatan

18 - 19 Apr

Crown Garden Hotel, Kota
Bharu, Kelantan

22 - 23 Ogos

Felda Residence Hotel, Trolak,
Perak

24 - 25 Okt

De Palma Hotel, Kuala
Selangor

Wilayah Utara
Wilayah Tengah
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PALM OIL
Diploma in Palm Oil Milling Technology and Management (DIPOM)

A2.1

A2.2
A2.4

Semester I

6 - 14 Mar

Semester II

15 - 24 May

Semester III

31 Jul - 9 Aug

Examination

11 - 12 Sept

st

31 MPOB Oil Palm Products Surveying
Course and Examination

27 - 30 Nov

Kursus Penyelia Kilang Sawit

25 - 29 Sept

MPOB Head Office

*
PLASMA, Lahad Datu

Peperiksaan Kursus Penyelia Kilang Sawit

2 Oct

A2.5

Kursus Pengendali Makmal Kilang Sawit

21 - 30 Nov

MPOB Head Office

A2.6

Kursus Kemahiran dan Pengetahuan Asas
Rawatan Efluen Sawit

24 - 26 Oct

*

A2.8

Kursus Penyelia Bengkel Kilang Sawit

8 - 12 May

MPOB Head Office

12 May

-

B

MPOB CONFERENCES AND SEMINARS

1

International Competition on Oil Palm
Mechanisation (ICOPM 3)

2

rd
23 MPOB Transfer of Technology Seminar
and Exhibition 2017

11 Jul

MPOB Head Office

3

MPOB Graduate Students Assistantship
Scheme (GSAS) Seminar 2017

12 Jul

MPOB Head Office

4

International Palm Oil Congress and
Exhibition (PIPOC) 2017

14 - 16 Nov

KLCC

Note: *To be confirmed.
For any enquiry or further information, please contact:
HRD & Conference Management Unit
Tel. No.
: 03-8769 4400 ext. 4865, 4860, 4867
: 03-8925 9446
Fax No.
E-mail
: rubaah@mpob.gov.my
MPOB’s website : http://www.mpob.gov.my

All information are correct as at press time.
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Feature Article

Dry Separation of Palm Kernel and Palm Shell
using a Novel 5-Stage Winnowing Column
System
Rohaya Mohamed Halim*; Ridzuan Ramli*; Che Rahmat Che Mat*; Choo Yuen
May*; Nasrin Abu Bakar*; Nu’man Abdul Hadi* and N Ravi Menon*

P

INTRODUCTION

alm fruit of oil palm (Elaeis
guineensis) contains mesocarp and
palm kernel, the latter contributing
45-48 wt% of the total fruit. The kernel
contains ca. 45%-50% kernel oil, which is
rich in lauric acid C12 (45%-52%), myristic
acid C14 (15%-17%) and oleic acid C18:1
(13%-19%). Palm kernel oil is widely used in
food applications, including the production
of margarine, confectionary fat, shortening
and vegetable ghee. Furthermore, research
and development have made it possible for
the palm kernel oil to be used in non-food
lipid sources for the production of bioresin,
lubricants, chelating agents for metal
extraction and other important chemicals.
The existing system commonly adopted
at a palm oil mill (POM) in Malaysia
separates ca. 20 wt% light shell fragments
using a dry separation winnowing column,
while 80 wt% heavy shell and kernel are

separated using wet separation systems
either by clay-bath or hydro-cyclone. The
wet separation process of a cracked mixture
is based on the differential specific gravities
of shell and kernel. Both the wet separation
systems use water for performing the
desired separation and are not considered
environmental friendly due to the
generation of a large volume of waste water.
These processes produce wet kernel that
requires a drying process prior to storage
and therefore require additional energy
for the heat transfer. POM in Malaysia
currently employ the wet separation system
for the separation of kernel from the shell.
The drawbacks associated with the wet
process were successfully eliminated in
the current system, which is based on a
dry technique. A few attempts have been
made to introduce a dry technique for the
separation of the kernel from its cracked
mixture on a pilot as well as commercial
scale. One method in particular, uses an
experimental rotary separator, as reported

* Malaysian Palm Oil Board (MPOB),
6, Persiaran Institusi, Bandar Baru Bangi,
43000 Kajang, Selangor, Malaysia.
E-mail: rohaya@mpob.gov.my
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by Olasumboye and Koya. Though the
objective of achieving dry separation was a
success, the study also reported a significant
amount of kernel losses, ranging from 4% to
5%, due to its attachment to the shell during
the separation process.

rates to extract kernel fragments from the
cracked nut mixture without necessarily
using a conventional method, such as the
clay-bath or hydro-cyclone.

The cracked mixture produced by the
nut cracker consists of kernel, broken
kernel, half-cracked nuts, small shell and
large shell. The separation process of the
shell and kernel fragments depends on the
physical characteristics of the components
of the mixture. If the fragments are large, the
separation process is simple. The separation
process becomes more complex when there
are different sizes and shapes of the shell
and kernel. Therefore, a single- or doublestage separating system will not perform
efficiently without incurring high kernel
loss. There is an urgent need by the industry
to improve the conventional separation
system as well as to maximise the recovery
of dry kernel and shell. Therefore, the aim of
this study is to develop an efficient system
that can recover the maximum amount of
kernel irrespective of their sizes and at the
same time produce no effluent.

Development of the Separation
System

The system developed in this study is
designed to separate shell and kernels based
on their respective mass and densities.
More specifically, the kernel with a greater
density compared to other fractions (shell
and its fragments) will drop vertically into
the outlet chutes of the columns, while the
shell fragments will be blown upwards
towards the top opening of each column
and then to the cyclone member, to reduce
the air velocity to enable the lighter material
to settle. Some of the kernel particles with
less mass may be blown upwards together
with the light-weight shell fragments and
discharge as waste material, leading to
inefficient separation in the single-stage
winnowing column. The purpose of this
study, therefore, is to design a separation
system consisting of multiple stages of a
winnowing column using suitable air flow

12
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EXPERIMENTAL SET-UP

Rolek nut cracker (MPOB and Hur Far,
Selangor, Malaysia) was used to crack the
palm nuts due to its cracking efficiency of
more than 98%, irrespective of the nut size.
In this study, a winnowing column is used
for the dry separation of kernel and shell
from the cracked nut mixture. The system
consists of five winnowing columns that
-1
can cater for about 10 t hr of the cracked
nut mixture through was developed. In
addition to aiming for a totally dry process,
it is also designed to improve the separation
efficiency of the cracked nut mixture to
provide better kernel recovery and shell
removal. Figure 1(a) shows a single stage
winnowing column, whereas Figure 1(b)
shows a dry separation system using
the 5-stage winnowing column system.
Each column is designed with different
specifications, viz. air flow rate, column
height, inlet level and outlet level, in order
to accommodate the feeding materials and
to achieve the desired shell and kernel ratio
at each outlet point.
The winnowing column is designed
with two special features to enhance the
separation process. The first feature is that
the internal column is equipped with a
special device responsible for diverting
the direction of the air flow away from
the cracked mixture feed flow path, thus
creating a laminar air flow through the
separating column for better separation of
the cracked mixture. The second feature is an
adjustable damper located at the ground or
at an elevated level (Figure 2) for regulating
the air flow rate in the separating column by
altering the throat diameter of the column.

Feature Article

(a)

Column 4

(b)

Figure 1. (a) A single stage consists of a blower, a column, a ducting and a cyclone unit, and (b) a 5-stage winnowing column
system for the separation of the kernel from the cracked nut mixture.

Figure 2. Blower damper installed at the bottom of the column.

Air velocity was measured using an air
velocity meter (PCE-AM81, Southampton,
United Kingdom). The principle of the
separation is based on the air flow rate,
which was calculated as follows:
Vi = vi X Ai
where Vi is the volumetric air flow rate (m3
min-1), vi is the air velocity (m min-1) and
Ai is the throat area (m2), for the respective
column i.
The separation of shell and kernel in this
system works based on the principle of the
specific gravity differential of the materials
in the presence of a high velocity air flow

caused by a blower powered by an electric
motor. Each stage, as shown in Figure 1
(a), consists of a blower, a winnowing
column, a ducting and a cyclone, whereby
the separation occurs at each column but
the separated material is not necessarily
discharged. Circular ducting connects the
upper end of the column to the cyclone.
The first column discharges most of
the shell after the cyclone unit while the
remaining heavy shell and the kernel are
channelled to the second column. After
the second column discharges most of
the kernel, the remaining shells and light

PALM OIL ENGINEERING BULLETIN NO. 122
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Figure 3. Shell removal drum placed between the first and the second stage.

kernel are fed into the third column. The
light material that goes into the cyclone still
remains as a mixture of kernel and shell that
will again be subjected to a more rigorous
separation in the following stages; its quality
is not critical. In stage five of the system, the
separating column will lift almost all the
shells and deposit them in the cyclone due
to the reduced height of the cyclone and the
ducting. If some small and broken kernels
and small shell still remain, these will be
discharged from the bottom chute of the
fifth separating column. A unit of the shell
removal drum (Figure 3) with a mesh size
between 14 and 16 mm is placed between
the first and second columns to remove any
contaminant, specifically thick shell (large
and small shell) and un-cracked nut from
continuing to the next separation column.
The removal of these shell fragments at an
early stage reduces the load of the cracked
mixture to be separated in the subsequent
stages.
In all stages of the separation, fan speeds,
air flow damper control positions and
heights of the cyclone inlet from the top
outlet of the separating column are critical
because efficient separation of the different
components of the cracked mixture rests
solely on these settings. These settings
were obtained by conducting a number
of expensive research trials and as such
were safeguarded by means of intellectual
property rights and patent.

14
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Evaluation of System Performance
The 5-stage winnowing system was
installed and commercially evaluated at Air
Tawar POM, Johor, with a mill capacity of 45
t hr-1 processed FFB. The performance of the
separation process was carried out for eight
months, and the system was continuously
monitored for another 12 months.
Parameters that were closely monitored
during the commercial trials were kernel
throughput, kernel recovery rate (KER), dirt
or shell content in the recovered kernel and
kernel losses to ensure meeting the targeted
performance as follows; total kernel
throughput in the range of 35 to 45 wt%, dirt
and shell content in the kernel <5.5 wt%,
kernel losses to FFB <0.3 wt% and KER >6.0
wt%. Results were analysed and compared
with the targeted performance of the system
and other sister mills in the same region that
used a conventional separation system.
Determination of the Total Dirt
Content
We collected 1 kg of the recovered palm
kernel (from the final discharge outlet
to determine its dirt content. The kernel
sample was sorted as whole nut (d1), halfcracked nuts (d2), loose shells (d3) and stones
and debris (d4). Prior to weighing, the
whole nuts (d1) and half-cracked nuts (d2)
were carefully cracked and the shells were
weighed separately. Total dirt content was
calculated as follows:
Dt = [(d1 + d2 + d3 + d1) / PK]t x 100%

Feature Article

(b)

(a)
Figure 4. (a) Perforated plate to measure different nut and kernel size, and (b) horizontal cross-sectional diameter of
nut and kernel.

where D is the total dirt content (wt%), d1
is the weight of shells of whole nuts (kg), d2
is the weight of shells of half-cracked nuts
(kg), d3 is the weight of loose shells (kg), d4 is
the weight of stones and debris (kg) and PK
is the weight of the palm kernel sample (kg),
for a t period of evaluation.
Determination of Kernel Losses
We collected 1 kg of shell fragment
containing mostly shells along with kernel
carryover from the shell bunker. The kernel
loss was calculated as follows:
KLt = Kt x [(St / Nt)] x (Nt / Ft) x 100%
where KLt is the kernel loss over FFB
processed (wt%), Kt is the weight of kernel
carryover in the dirt sample (kg), St is the
weight of shell (kg), Nt is the weight of nut
(kg) and Ft is the weight of FFB (kg), for a t
period of evaluation. Shell to nut (S/N) and
nut to FFB (N/F) ratios were obtained from
actual milling activity.
Determination of the Kernel
Recovery Rate
The KER was calculated by the weight
ratio of kernel and fresh fruit bunch as
follows:
KERt = (Kt / Ft) x 100%
where KERt is the kernel recovery rate

(wt%), Kt is the weight of kernel (kg) and Ft
is the weight of FFB processed (kg), for a t
period of evaluation.
Determination of Nut and Kernel
Size Distribution
We collected 2 kg of nut and kernel
sample from the feeding to the Rolek nut
cracker and the kernel discharge outlet,
respectively, for size measurement. Both
nut and kernel sizes were measured using a
perforated metal plate consisting of different
sizes, as shown in Figure 4. The horizontal
cross-sectional diameter of the nuts and
kernels was measured using the plate, and
its size distribution was determined.
RESULTS AND DISCUSSION
Nut and Kernel Size Distribution
The Rolek nut cracker cracks palm nuts
to produce a cracked mixture consisting of
more than 35 wt% whole kernel, less than
12 wt% broken kernel, less than 1 wt%
uncracked nuts and less than 2 wt% halfcracked nuts. Conventional nut crackers
used at POM, such as ripple mill and super
cracker, often crack both the nuts and the
kernel; the cracked mixture then consists of
a high broken kernel of ca. 15–25 wt%. Rolek

PALM OIL ENGINEERING BULLETIN NO. 122
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96.7% tenera nuts

3.3% dura nuts

Kernel (%)

Figure 5. Nut and kernel size distribution of the feeding materials.

nut cracker differs from other commercial
crackers in terms of its principle of operation,
which relies on dynamic interactions of a
pair of adjustable rotating rods against a set
of stationary rods to break all sizes of nuts
without causing high kernel breakage.
Currently, there is no established
method to measure nut and kernel sizes.
Nut and kernel are not perfectly round in
shape; thus, the horizontal cross-section of
the nut and kernel, as shown in Figure 4(b),
is deemed appropriate to represent the size
of the nut and kernel. To determine the
size distribution of the collective samples,
the sizes are generally grouped into the
acceptable range of nut and kernel size,
ranging from 5–25 mm. A perforated metal
plate consisting of holes with different
sizes ranging from 5–25 mm was therefore
developed to facilitate size measurement
of the collective samples, as shown in
Figure 4(a). This method of measurement is
common in POMs in Malaysia but has not
been properly documented elsewhere.
Measurement of nut and kernel size
distribution prior to cracking was carried
out to determine the exact composition of
nut type processed in the mill, such as dura,
pisifera and tenera. Pisifera is a pollen-type
nut, while dura has a thicker shell and lower
oil content compared to tenera, which is a
hybrid between pisifera and dura. Tenera has
16
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a high oil content with a thin shell. Figure 5
shows nut size distribution prior to cracking
and kernel size distribution after separation.
It shows that Air Tawar POM processed
about 96.7% tenera nuts and 3.3% dura nuts.
Typical tenera nuts may be 20 mm or less in
length, and dura nuts may be 20 to 30 mm in
length. In terms of horizontal cross-sectional
diameter, tenera nut size is less than 16 mm,
while dura nuts are often more than 16 mm.
The size distribution of nuts ranged from 10
to 18 mm in diameter; the largest nut sizes
ranged from 13 to 16 mm with kernel sizes
between 10 and 12 mm. Determination of
the nut and kernel size distribution was
important prior to optimisation of kernel
separation using the 5-stage winnowing
column system.
Kernel throughput and Separation
Efficiency
The determination of the kernel and shell
throughput was carried out at three kerneldischarge points and three shell-discharge
outlets. Table 1 shows the optimised setup
for the 5-stage winnowing column system
for the dry kernel separation process in
terms of air flow rate, damper opening and
column height to achieve the desired 45
wt% of total kernel throughput. The cracked
mixture fed into the system contained ca.
55 wt% shells and 45 wt% kernels; thus,
the maximum recovery of kernel was at

Feature Article
45 wt% and maximum shell removal at 55
wt%. As mentioned previously, the system
was designed so that shell and kernel would
be discharged at stages 1, 4, 5 and stages 2,
3, 5, respectively. Separation of shell and
kernel in a column is driven by the specific
gravity differential of materials and in the
presence of high velocity air flow blown
by an electrical fan. Furthermore, different
openings of the damper drive the variation
in air velocity to suit the characteristic of the
feed material.
We found most of the small shells (30–
35 wt%) were successfully discharged at
the first stage. Large and thin shells (10–12
wt%) were discharged at the fourth stage,
whereas large and thick shells (5–8 wt%)
were discharged at the fifth stage. Overall,
the system showed excellent shell removal
efficiency by more than 82 wt% (min. 45
wt% shell throughput), as shown in Table 1.
The highest shell separation in the first
stage was due to the highest air flow rate of
257 m3 min-1 in the first column compared
to 202, 196, 173 and 173 m3 min-1 in the
second, third, fourth, and fifth columns,
respectively. Technically, a high air flow
rate blows the small light shells upwards
and leaves the heavy kernels and thick
shell fraction deposited at the bottom of
the column. However, due to the high air
velocity, this is also associated with a loss of
light broken kernel that is blown away with
the small shells, amounting to 0.1–0.2 wt%
(kernel to FFB) Table 2. For comparison,
this loss is higher than the kernel losses at
the fourth and the fifth stage, which are
both in the range of 0.06–0.08 wt% (kernel
to FFB) Table 2. This stage makes use of a
high column height (8.64 m) to allow longer
separation time in order to effectively push
up most of the small shells Table 1. A similar
case was also observed at the fourth stage
where a high column design enables good
removal of shells in the range of 10–12 wt%
from the total throughput.
For the separation and recovery of the
kernel, 20–28 wt% large whole kernels and

large broken kernels were discharged at the
second stage. The remaining 5–8 wt% and
5–7 wt% small whole kernels and small
broken kernels were recovered at the third
and fifth stages, respectively. In general, the
system showed excellent kernel recovery
efficiency by more than 67% (minimum 30
wt% kernel throughput), as shown in Table
1.
The system was intentionally designed
for the second stage to carry out most of
the separation of large whole kernels. The
discharge at the second-stage fraction
was kept as clean as possible by using a
high separating velocity in the separating
column, represented by the highest air flow
rate (202 m3 min-1) compared to the air flow
rate at the third and fifth columns where
3
-1
kernel was also discharged (196 m min
and 173 m3 min-1, respectively). This was
achieved through the opening of the damper
to 50% at the second stage, which provides
a higher air velocity compared to opening
the damper at the third and fifth columns
to 40% and 30%, respectively. Nevertheless,
we found that the recovered kernel from
the second stage was contaminated with
1–2 wt% of free shells, which was still
within the acceptable limit (Table 2). We
note that the second and the third stages,
which both accounted for almost 84% of
the kernel recovery (max. 36 wt% of total
throughput), had a lower column height
at 5.03 m compared to 8.64 m for the first
and fourth stages, which are meant for shell
removal. In contrast to the shell removal
principle, which requires a high column to
allow a sufficient floating duration of shells,
recovery of the kernel requires a short
column to avoid kernel from being lifted to
the upper end of the column.
The third stage, also designed for kernel
recovery, used a lower separating velocity
represented by a lower air flow rate (from
202 to 196 m3 min-1) by reducing the damper
opening from 50% to 40% (Table 1). As the
separation column throat area remained
the same as for the first stage, the lower
separating velocity was able to separate out
PALM OIL ENGINEERING BULLETIN NO. 122
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the light kernel fraction in the form of small
whole kernel and large broken kernel, both
having almost the same specific gravity.
About 5–8 wt% kernels (small whole and
large broken kernels) were successfully
discharged through the bottom outlet.
Consequently, the remaining broken kernel
and shell were lifted and deposited in the
third-stage discharge cyclone for further
separation. In addition to the optimum
separating velocity, the height of the
circular ducting from the column is much
higher (Figure 1(b)) to prevent kernel from
being lifted to the cyclone. The height of the
circular ducting was in the order of: third
column > fourth column = first column >
fifth column > second column (Figure 1(b)).
Results obtained confirm that kernel loss in
the third-stage shell discharge outlet was in

the range of 0.06–0.08 wt%, which was less
than in the shell discharge outlet at the first
stage (Table 2).
Small kernels and shells from the thirdstage cyclone were then transferred by
a screw conveyor to the feed inlet of the
fourth-stage separating column where
the large and thin shells (10–12 wt%) and
smashed kernels (0.06–0.08 wt%) were lifted
and delivered to the discharge cyclone for
discharging into the boiler as fuel. The air
flow rate here was further reduced from 196
to 173 m3 min-1 by adjusting the setting of
the damper position from 40% to 30%–35%
opening. Apart from the designated air
velocity, the reduced height of the cyclone
from the column also cut-short the travelling
distance of the light-weight shell along the

TABLE 1. OPTIMISED SETUP FOR THE 5-STAGE WINNOWING COLUMN SYSTEM FOR THE
DRY SEPARATION OF KERNEL AND ITS PRODUCT THROUGHPUT

Stage

Blower
Air
Damper Column
Products Products
power flowrate open-up height
discharged
description
(HP) (m3 min-1)
(%)
(m)

1

30

257

50

8.64

Shell

2

25

202

50

5.03

Kernel

3

25

196

40

5.03

Kernel

4

25

173

30–35

8.64

Shell

5

25

173

30–35

Total shell
throughput (% wt.)
Total kernel
throughput (% wt.)
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5.03

Shell
Kernel

Small shell
Big whole
kernel
Big broken
kernel
Small
whole
kernel
Small
broken
kernel
Big and
thin shell
Big and
thick shell
Small
kernel

Products
throughput
(% wt.)
min. max.
30
35

20

28

5

8

10

12

5

8

5

7

45

55

30

43
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TABLE 2. CONTAMINANTS IN TERMS OF 1KERNEL LOSSES AND 2FREE SHELLS IN THE
RECOVERED PRODUCTS
Stage

Products discharged

1
Shell
2
Kernel
3
Kernel
4
Shell
5
Shell
6
Kernel
Total kernel losses (% wt.)
Total free shells (% wt.)

Contaminants
Kernel losses
Free shells
Free shells
Kernel losses
Kernel losses
Free shells

Throughput (% wt.)
min.
max.
0.1
0.2
1.0
2.0
2.0
3.0
0.06
0.08
0.06
0.08
2.0
3.0
0.22
0.36
5.0
8.0

1
2
Note: Kernel losses are reported based on FFB processed; Free shells are reported based on (kernel)
sample collected.

ducting, therefore lifted almost all the shell
and deposited it in the cyclone.
The fifth stage recovered the remaining
5–7 wt% small kernel and removed another
5–8 wt% large and thick shells. The fifth
column also served a cleaning purpose,
which helps the system to maximise kernel
recovery, achieve a dry kernel separation
process and generates zero effluent waste.
The precursor of this system that uses a fourstage separation technique still requires a
wet separation process using clay-bath or
hydro-cyclone, indicating the remarkable
concept and performance improvement in
our design .
Another work reported by Olasumboye
and Koyai demonstrated a separation
technique using a rotary separator that
employs a multi-cyclic-separation process
for the dry mixture. The work reports the
highest kernel recovery from a cracked
mixture of 92%. The kernel purity was 73%,
which indicates contaminants amounted to
27%. Our study, however, as presented in
Table 2, showed better separation efficiency
with maximum kernel losses of only
0.36 wt%, equivalent to 97.5% of kernel
recovery over feeding cracked mixture. In
a later section, we discuss the KER over
FFB processed instead of feeding cracked
mixture. This is because the KER is a

parameter commonly used among millers
and therefore provides convenient data
to actual end users. In addition to kernel
recovery, purity of the recovered kernel in
this study was much higher, ranging from
92 to 95 wt% (5–8 wt% shell contaminated
in the kernel fraction), as shown in Table 2.
In this study, the system performance
in terms of KER and kernel losses between
three commercial mills using different
kernel separation systems were evaluated
on a monthly basis. Figure 6 illustrates the
comparison of the KER in Air Tawar POM
with other sister mills in Johor region over
a period of 20 months. Air Tawar POM,
mill A and mill B show their KER values in
the range of 5.69–6.89 wt%, 4.84–6.26 wt%
and 4.85–6.21 wt%, respectively. In general,
Air Tawar POM, which adopted a totally
dry kernel separation process using the
5-stage winnowing column system, showed
a higher KER with an average KER of 6.34
± 0.30 wt% compared to mill A and mill B,
which had average KERs of 5.78 ± 0.34 wt%
and 5.46 ± 0.28 wt%, respectively. Air Tawar
POM maintained its KER values above 6.00
wt% at a 90% consistency rate, whereas the
other two mills were only able to maintain
their KER above the targeted limit of 6.00
wt% at a 35% and 5% consistency rate,
respectively. In an attempt to reduce the
effluent generated from the kernel separation
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system, mill A and mill B improved their
system by using a combination of a 2-stage
winnowing column with a wet separation
system using either hydro-cyclone or claybath. However, as shown in Figure 6, their
KER values were still below 6.00 wt% in
most cases.
On a yearly basis for two consecutive
years, Air Tawar POM recorded the highest
average KER of 6.32 wt% and 6.27 wt%
compared to mill A (5.77 wt% and 5.70 wt%)
and mill B (5.39 wt% and 5.58 wt%) Figure 7.
The results suggest better KER associated
with the 5-stage winnowing column system
for the kernel separation evaluated in this
study. The conventional wet separation

system, e.g. the clay-bath, comprises a
cylindrical tank with an inverted cone
shaped to allow settlement of the heavy
phase. A clay solution with a relative
density of 1.12 is maintained in the claybath and slowly facilitates the sinking of
denser shells and the floating of lighter
kernels, both having a relative density in
the range of 1.15 to 1.20 and about 1.07,
respectively. While the clay-bath separation
is subjected to, and limited to, the density
of the clay solution used, the 5-stage
winnowing column system optimises the
separation mechanism at each column
based on the characteristics of the feed into
the column, thereby reducing kernel losses
and improving kernel recovery.

Figure 6. Monthly KER for the three evaluated mills.

Figure 7. Yearly average kernel recovery rate for the three evaluated mills.
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Kernel Losses
Similar to KER, measurement of kernel
loss is also common in the POM sector so as
to compare mill production performance. In
general, the average total kernel loss in the
shell bunker varied from 0.11 to 0.30 wt% to
FFB with almost all the values found to be
below 0.30 wt%. These values are far below
the set limit of 0.30 wt% to FFB, and these
losses do not contribute to the high dirt in
the production of kernel.
Kernel losses at these three mills were
maintained below 0.30 wt% (Figure 8). The

kernel losses varied from 0.11 to 0.30 wt%,
and Air Tawar POM was able to maintain
the separation efficiency with minimal
kernel losses below 0.20 wt% to FFB with an
average of 0.17 ± 0.05 wt%. However, mill
A and mill B experienced average kernel
losses of 0.21 ± 0.05 wt% and 0.20 ± 0.02 wt%
to FFB, respectively, both being below 0.20
wt% at a consistency rate of 35% Figure 8.
On yearly basis for two consecutive
years, Air Tawar POM recorded low average
kernel losses of 0.17 wt% compared to mill
A (0.17 and 0.25 wt%) and mill B (0.19 and
0.22 wt%), respectively (Figure 9).

Figure 8. Monthly kernel losses to FFB for the three evaluated mills.

Figure 9. Yearly average kernel losses to FFB for the three evaluated mills.
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Maintenance Activity and its Effect
on Dirt Content
Routine maintenance is scheduled very
2500 hr and 5000 hr of operation, equivalent
to once for every 5-6 month interval. For
every 2400 hr to 2600 hr operation, the
system required minor services and parts
replacement, including the carbon steel
liner plate for the cyclone and transfer
trunking of the first and second columns.
The replacement of the trunking column
was due to the wearing from blown shells
that hit the trunking.
There is a major service and parts
replacement after 5000 hr of operation,

including replacement of the liner plate for
the cyclone and trunking of all columns
as well as servicing of the motor, bearing
and impeller of the fan. The system eases
the maintenance needs and requires less
supervision in order to promote a user
friendly technology concept.
The wear and tear of the system’s parts
influences its performance in terms of the
dirt content in the recovered kernel. Figure
10 shows the trends of dirt content in the
recovered kernel for the three mills over the
20 months of evaluation. For the Air Tawar
POM, which utilised the 5-stage dry kernel
separation system, the total dirt and shell
content in the kernel sampled at the end of

Figure 10. Monthly dirt content in the shell bunker for the three evaluated mills.

Figure 11. Yearly average dirt content for the three evaluated mills.
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the kernel conveyor varied from 4.56 to 6.03
wt%, and in most cases (80% consistency
rate) the dirt content was below the set
limit of 5.5 wt%. The high dirt content was
observed for three different months as 5.82
wt%, 6.03 wt% and 5.97 wt%. In the first 6
months, during which the system starts its
operation, the dirt content slowly increased
from 4.68 wt% in the first month to 5.82
wt% in the sixth month. Maintenance was
done gradually from month 7 until month
10, resulting in better (reduced) dirt content
but still fluctuations. From month 11 until
month 15, the system retained its dirt content
below 5.5 wt% because of the new parts
from maintenance. This trend was repeated
for the next 6-month cycle, thus justifying
the need to undertake maintenance every
2500 hr and 5000 hr of operation.
Air Tawar POM experienced slightly
lower average dirt content compared
to other mills even with a totally dry
separation system to separate kernel and
shell. As shown in Figure 10, Air Tawar
POM experienced an average dirt content
of 5.24 ± 0.40 wt%, slightly lower than the
dirt content experienced by Mill A and
Mill B at 5.27 ± 0.22 wt% and 5.44 ± 0.36
wt%, respectively. Generally, thick shell
could be separated efficiently by the wet
separation system with either clay bath or
hydrocyclone, but the use of a shell removal
drum in the 5-stage winnowing column
system eliminates the presence of thick shell
and contaminant carryover as the dirt in the
production kernel.
Over two successive years, the average
dirt content in Air Tawar POM was 5.33
wt% and 5.12 wt%, whereas the dirt content
in Mill A was 5.38 and 5.05 wt% and Mill B
was 5.39 wt% and 5.65 wt% (Figure 11).
Power Consumption and Economic
Analysis
The 5-stage winnowing column system
requires about 245 HP or 183 kW of power,
as tabulated in Table 3. The use of five
columns to enhance the separation process

and to maximise kernel recovery resulted in
high power consumption, with nearly half
the power (130 HP) for the operation of the
columns, namely to blow air.
The cost of the maintenance was
calculated for an 8-month period over which
the total FFB processed was 122 890 t in 2889
running hours. Two units of impeller for
the first and third stages with a total cost
of RM 9000 were replaced, and the cost of
maintenance was less than RM 0.10 per
tonnes FFB processed. An additional cost
incurred in the second year of operation is
expected since more parts will be replaced
after more operational hours. However,
this cost will be very low compared to the
conventional separation system. The only
drawback of the 5-stage winnowing column
system is that it requires a higher capital
cost of nearly RM 1 million compared to the
wet conventional system, which costs less
than RM 500 000.
The kernel plant in Air Tawar POM has
been in operation for nearly two years and
has recorded an average of a minimum
additional recovery of 0.3 wt% KER. With
-1
the actual FFB processed of 184 335 t yr ,
TABLE 3. POWER CONSUMPTION FOR
THE 5-STAGE WINNOWING COLUMN
SYSTEM
Machine
Cracked
mixture
conveyor (top
& bottom)
Cracked
mixture
elevator
Winnowing
column
Air lock
Blower
Kernel
conveyor
Total

Quantity

Power
(HP)
(kW)

2

11

8

1

7.5

5.6

5

130

97

17
2

51
40

38
30

1

5.5

4

-

245

183
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this will generate an additional production
of 533 t of palm kernel per year. Based on
an average price of palm kernel (2015) at
RM 1564 t-1 of palm kernel, an additional
revenue of RM 844 560 yr-1 could be
generated. Therefore, the expected payback
period for the capital investment of RM 950
000 is less than two years.

separation process, therefore generated zero
waste effluent. The novelty of the system
could benefit millers in terms of profit,
kernel quality, operational performance
and maintenance as well as promote user
friendly operations by reducing the water
and chemicals used by conventional wet
separation.

CONCLUSION
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while, at the same time, helps safeguard food safety.
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Waste Minimisation for Palm Oil Mills: A Case
Study
Ropandi Mamat*; Astimar Abdul Aziz* and Rohaya Mohamed Halim*

T

INTRODUCTION

he Malaysian palm oil industry
has been growing steadily during
the past few decades establishing a
prominent place in the economy of the nation.
In 2014, the land under oil palm cultivation
was about 5.39 million hectares in Malaysia
with 443 palm oil mills in operation (MPOB
Statistics, 2015). The production of crude
palm oil (CPO) was 19.96 million tonnes in
2015, contributing to more than 33.15% of the
world production of palm oil. However, the
production of palm oil also generated a large
amount of palm oil mill effluent (POME) at
the average production rate of 0.67 t-1 FFB
processed. Based on the crude palm oil
production in 2015, the volume of POME
generated was about 99.51 million tonnes.
The POME originated from three sources;
1) steriliser condensate, 2) separator sludge
or sludge centrifuge, and 3) hydro cyclone
wastewater or clay bath used for cracked
mixture separation (kernel separation).

Table 1 shows the three POME sources as a
percentage of the FFB processed.
TABLE 1. SOURCES OF POME AND THEIR
% TO THE FFB PROCESSED
Source of POME
Steriliser condensate
Sludge centrifuge wastewater
Hydro cyclone/clay bath
wastewater

% to FFB
12
50
5

Currently, the biochemical oxygen
demand (BOD) of the POME is not fully
degraded to comply with the minimum
proposed requirement of the Department of
Environment (DOE) due to the inconsistent
BOD values that fluctuate widely when crop
quantity or ripeness deviate from normal to
abnormal values. This inconsistency of the
BOD values can result in non-compliance
with the DOE requirement, the environment
quality regulators, if the POME is discharged
into the water. Most of the mills use open

* Malaysian Palm Oil Board (MPOB),
6, Persiaran Institusi, Bandar Baru Bangi,
43000 Kajang, Selangor, Malaysia.
E-mail: ropandi@mpob.gov.my
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TABLE 2. CHARACTERISTICS AND CHEMICAL CONSTITUENTS IN POME
Parameter

pH

BOD3, mg litre

Total solid, mg litre

Mean value

85

Phosporus

180

25 000

Magnesium

40 500

Boron

4 000

-1

-1

COD, mg litre

Parameter (mg litre-1)

4.7

Temperature (°C)

Oil and grease

Mean value

50 000

-1
-1

Suspended solid, mg litre

18 000

-1

Ammonical nitrogen, mg litre
-1

Total nitrogen, mg litre

-1

Carbohydrate constituents, mg litre

2 270

Calcium

439

Iron

46.5

Copper

0.89

Manganese

10 000

Zinc

750

Anaerobic digestion degrades or breaks
down the organic matters into the simple end
products such as methane, carbon dioxide,
and water. Even though the treatment
cost is comparatively low, it requires long
treatment periods that can take up to more
than 120 days. However, sometimes the
treated POME using ponding system may
not comply with the set discharge standard
of 100 mg litre-1 BOD, especially during peak
crop season or when facing adverse issues
related to the ponding system. In addition,
ponding system generates considerable
quantity of biogas consisting of about 40%
to 60% of methane which is greenhouse
gas (GHG). The methane released from the
POME is one of the problems currently faced
by the oil palm industry in their efforts to
be a competitive and remain a sustainable
industry in the world of oils and fats.
However, some initiatives are underway
to mitigate the methane problems such as
by methane recovery or trapping and use
it as fuel for electricity generation. Visibly
the POME is a thick brownish viscous
liquid waste (mixture of water, oil and fine
suspended solids) but it is non-toxic as there
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16 000

Potassium

35

ponding systems for treating the POME as it
is relatively an inexpensive system in terms of
maintenance. The open ponding system for
POME involves a biological treatment system
comprising aerobic and anaerobic digestion
systems.

30

Protein

615
7.6

2.0

2.3

are no chemical inputs during the extraction
process. However, due to the high content
of organic loading, by the time it begins to
emit its unpleasant odour, the POME pH is
around 4.5. This is considered to be highly
polluting due to its very high BOD content
which is almost 100 times higher than that
of the domestic sewage. The characteristic
and chemical constituents of POME has
been analysed and determined by many
researchers and are summarised in Table 2.
It indicates that POME has a high content
of degradable organic matter in the form of
suspended solid, oil and grease, carbohydrate
constituents and protein.
As the residual oil and grease are generally
trapped within the suspended solids,
the removal of the suspended solids will
actually remove the oil and grease and also
some portions of the insoluble matters. The
fresh POME containing such high organic
components cannot be discharged into any
water ways without contributing towards
serious water pollution that would have
detrimental impact on aquatic life as well as
the river ecosystem. In order to address this
issue, the government is planning to set
up a more stringent discharge standard
for POME for its discharge to the water
course from the existing 100 ppm to 20
ppm. Thus, the millers need to improve the
current treatment methods for POME which
would most likely incur additional cost. In

see page 37
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order to overcome the problem, the waste
audit and its minimisation were proposed to
be implemented in palm oil mills in Malaysia.
Through this approach, the volume of
the POME generated could be reduced,
thereby reducing the total BOD load in the
effluent. This paper is based on a case study
conducted at Palm Oil Milling Technology
Centre (POMTEC) at Labu, Negeri Sembilan.
The case study also proposes the available
technological options for waste reduction
and elimination. In addition, the economic
feasibility of the proposed system was
conducted by performing a cost-benefit
analysis. This study provides an idea of
waste minimisation approach with proven
technologies which are economically feasible
to be implemented in palm oil mills.
MATERIAL BALANCE OF PALM OIL
MILL
The materials balance which represents the
input and output of materials for the process
is important and essential for conducting
and implementing the waste audit and its
minimisation. The amount and the flow
rate of the main wastewater discharge as
well as it pollution load strength needs to
be measured and quantified. Based on that,
the critical stream with regards to volume
of waste and its strength is selected for the
waste minimisation. The possible options
for cleaner production based on viable
technology and economy can be proposed
to maximise production efficiency and
minimise the waste discharge from the
process as well as reduce the production
cost. Figure 1 shows the material balance for
the processing of 20 t FFB process per hour,
which is based on 1 t of FFB processed. It is
clearly shown in the material balance that
the solid waste produced from the process
are the mesocarp fibre, palm shell and
empty fruit bunch (EFB) at 192.5 kg, 52 kg
(wet) and 220 kg respectively. Meanwhile,
the liquid waste or POME generated is about
547 kg, which is less than an average figure
of 67%. Besides solid and liquid wastes,
there are also wastages from the heat and
evaporation losses that have not been given

much attention by millers. Actually, the heat
can be recovered for other uses especially
for drying the decanter cake or in the case
of heat from the boiler, it can be used to heat
the boiler feed water.
METHODOLOGY
Waste Minimisation for Palm Oil Mill
There are few measures that can
be implemented for achieving waste
minimisation in the palm oil industry. These
include the water conservation, process
modification, source reduction, recycling
and reuse. The water conservation is carried
out by reducing the amount of water for the
process and process modification is by using
a cleaner production technology which is
able to reduce or eliminate the wastewater
from the process. In palm oil mills the
potential exits for evaporation of most of the
moisture in the POME and condensation so
that it can be recycled for process operation.
AUDIT OF PROCESS AND STREAM
In auditing the process and stream for the
palm oil mill, there are few viable alternatives
or options that can be used which can lead to
a cleaner production technology. Since the
objectives is to reduce the volume of waste
generated as well as it loading capacity or
strength, the reuse, recover and recycle of
liquid waste can be carried out by water
conservation and waste strength reduction.
CRITICAL STREAMS
Steriliser Condensate
Steriliser condensate is coming from
the condensation of water vapour either
from steam introduced or evaporation of
moisture in FFB due to temperature of
the steam applied. Based on the material
balance at the sterilisation stage, for 1 t
hr-1 FFB, the amount of steam used is 250
kg. In the steriliser, the evaporation loss is
-1
about 170 kg t FFB and steam condensate
200 kg t-1 FFB (Figure 1). The condensate
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170 kg

250 kg
200 kg

880 kg

220 kg
660 kg

159 kg

264 kg

Balance
water
100 kg

Oil
Fibre:135 kg

129 kg
12 kg
Light
particles
49.7 kg
CPO 250 kg

Evaporation
Loss:
1.9 kg

EL - 6 kg

Dry kernel, 60 kg
~ 100 kg of POME from floor
and equipment cleaning

Figure 1. Materials balance for 1 t of FFB processed in palm oil mill.

consists of oil, water, fibrous material and
sand. The average amount of oil in steriliser
condensate is 3 kg. The flow rate of steriliser
condensate is approximately 3 to 4 t hr-1 for
20 t hr-1 mill capacity. The normal practice
is the millers will recover the oil from the
steriliser pit and sell it as second grade oil
whereas the remaining traces of oil will be
discharged to the mixing pond for further
POME treatment.
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Underflow Continuous Settling Tank
(CST)
Figure 3 shows the material balance
underflow from the continuous settling tank
(CST) when it undergoes oil/waste water
separation in a typical stork centrifuge, a
popular machine in most of the palm oil
mills in Malaysia. The composition of the
underflow is mostly made up of the sludge

Feature Article

200 kg

Figure 2. Material balance at steriliser.

and suspended solids with approximately 7%
of residual oil comprising un-ruptured cells
containing oil as well as small oil droplets
below 15 micron sizes that failed to rise up in
the vertical clarifier for gravity separation due
to its poor buoyancy. The underflow from the
CST is normally pumped into an overhead
sludge tank from where it is gravity fed into a
circular sludge water range (ring distribution
system) to ensure even distribution of feed
into all sludge centrifuges. The heavy phase
of the sludge centrifuge, comprising mostly
water and some suspended solids like
fibrous material, is discharged out as the
main component of the palm oil mill POME.
During the centrifugation process, hot water
is added for phase dynamic balancing. The
mill uses three units of ‘Stork centrifuge’ for
oil recovery from sludge. The volume of the
sludge discharged out is measured using a
-1
basculator. For a 20 t hr mill, the sludge flow
-1
-1
rate is 6 t hr (6 t hr is too low, 40% = 8 t hr-1)
Cracked Mixture Separation/Clay
Bath
The function of clay bath is to separate the
shell and kernel from the cracked mixture.
Compared to the hydro cyclone, the claybath
gravity separation system has increased the
separation efficiency as fragments of kernel
can be fully recovered provided that the
specific gravity of the clay-bath is monitored
and maintained (at 1.16) at regular intervals.
After the separation, the kernel and shell
are washed with clean water to remove the
residue clay that stick to them. The washing
water then goes back to the water bath. After

recycling a few times the clay bath needs
to be renewed when the dirty clay bath is
discharged into the clay bath pit. In the clay
bath pit, the clay will sink to the bottom, while
the supernatant (water) will be discharged
into the effluent pond. The clay then will be
recovered. The amount of water discharged
to effluent from the clay bath is about 28 kg t-1
FFB processed, thus for 20 t hr-1 mill capacity,
the discharge flow rate is 0.56 t hr-1.
RESULTS AND DISCUSSION
Waste Audit and its Minimisation for
Critical Streams
Recycling of sterilised condensate (water
conservation). Water consumption for palm
oil mill could be reduced by reuse/recycling
of the steriliser condensate as a substitute
for crude oil dilution at the press station. As
shown in Figure 2, the amount of steriliser
condensate together with steriliser exhaust
steam is 200 kg t-1 FFB processed, whereas the
dilution water required for the press is about
160 kg t-1 of FFB processed. The proposed
treatment system requires a level activated
pump complete with wiring and a piping
system (Figure 4). The pump is used to pump
back the oily water to the holding tank at the
press station. The pump is provided with
level switch, thus it will be activated when
the level in the steriliser pit rises up and
stop when the level reach the level drops to
a set value. This will reduce the man power
requirement and at the same time only the
top portion of oily water will be pumped up
while the bottom which consist of, heavy
PALM OIL ENGINEERING BULLETIN NO. 122
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particles such as sand, clay, etc. would sink
to the bottom and require desludging once
a while. Meanwhile, the water can be used
as dilution water through normal process.
By doing this, the fresh water consumption
is reduced and at the same time reduces
-1
the amount of waste water by 160 kg t FFB
processed. Besides that it also reduces the
strength of the POME since most of the oil in
the steriliser condensate is recovered through
this recycling process. However, care should
be taken to ensure that only fresh steriliser
condensate is recycled in order to avoid the
deterioration of finished product quality.
Process Modification at the
Clarification
In the conventional clarification process,
the primary separation of oil from the sludge
is achieved in continuous settling tanks using
gravity separation. However, in the newer
and modern mill set up, two phase decanters
has been installed to treat the underflow from
the continuous settling tank, combined with
sludge centrifuge. Decanter employs high
speed centrifugation force to separate the
heavy phase (decanter cake) and light phase
(oil and water) component based on density
differences of each component. The decanter
cake has a moisture content of 50% to 70%
and it can be used for the composting process
or as a fodder for cattle rearing. By removing
the solid, the BOD as well as the volume
of waste stream can be reduced slightly.
Removing the solids also facilitates faster
oil separation since the suspended solid and
dirt has been removed. The recycling of light
phase and the solid removal by the decanter
can generate additional income for the mill

due to the improved oil recovery and sale of
decanter cake. Figure 5 shows the schematic
diagram for two-phase decanter installation.
Process Modification for Hydro
cyclone/Clay Bath (Cracked Mixture
Separation)
The use of hydro-cyclone or clay bath for
cracked mixture separation is known as a
wet process which continuously discharges
the wastewater. There is a dry separation
process called four stage winnowing system
for cracked mixture separation developed
and promoted by MPOB as an alternative for
the wet process. The technology is actually to
produce clean palm kernel so that the palm
kernel cake obtained from kernel crushing
plant will have better quality and fetch a higher
price. Palm kernel cake can be commercialised
as animal feed. By using the dry separation
process, the amount of effluent discharge
from kernel plant will be much reduced. The
dry separation system consists of a number
of equipment: a four-stage winnowing
column, a cyclone, a blower fan and an air
lock. Each column has been designed with
different parameters (e.g. air velocity, fan
speed, column height, inlet and outlet levels,
feeding ratio, etc.) in order to achieve the
desired shell and kernel ratio separation at
each outlet point. The four-stage winnowing
column uses forced draught principle instead
of induced draught and the air flow velocity
is adjusted via the blower (damper) located at
ground or an elevated level. Each column is
operated by a 25 HP forced draught fan. This
approach simplifies the process and ensures
ease of control, as well as possesses the ability
of eliminating the effluent generated from the
30 kg

337 kg

Figure 3. Material balance at stork centrifuge.
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Figure 4. Schematic diagram of recycling steriliser condensate for hot water dilution.

Figure 5. Schematic diagram for two-phase decanter.

wet separation system. The photo of the fourstage winnowing column is shown in Figure
6. This technology also produced a dry palm
shell thus its usage as a boiler fuel will reduce
the possibility of air pollution problems
associated with the black smoke emission due
to incomplete combustion.

Figure 6. The four-stage dry separation for a
cracked mixture.

PALM OIL ENGINEERING BULLETIN NO. 122

41

See You At:

14-16 November 2017
Mark this date!

Kuala Lumpur Convention Centre,
Kuala Lumpur, Malaysia

For more information, please contact: pipoc2017@mpob.gov.my or
visit MPOB website at www.mpob.gov.my
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Premium Oil Segregation using Near-Infrared
(NIR) Online System
Fatah Yah Abd Manaf*; Andrew Yap Kian Chung* and Muhammad Zaid Yasir*

T

he importance of monitoring crude
palm oil (CPO) quality cannot
be overemphasised when we
consider the fact that good-quality refined
oils must be produced from high quality
CPO. Commonly the quality of crude palm
oil is determined by several parameters
such as the deterioration of bleach ability
index (DOBI), iodine value (IV), moisture
content, free fatty acid (FFA) and carotene
content. The FFA content in crude palm oil
is the most important because it affects the
market price. Arising from the high demand
in the palm oil industry market nowadays,
the trend to produce crude palm oil with
low (<1.5%) FFA has increased among the
millers as it commands a premium price
being recognised as a high quality food
grade product. Great effort has been put up
to improve the quality of palm oil including
the determination and reduction of free
fatty acids in palm oil.

Crude palm oil normally contains FFA,
which has to be removed as part of the
refining process. The FFA levels can vary
from the time of harvesting to the milling
processing and storage. Lipase activities
cause increment in FFA levels in crude
palm oil. FFA is formed when the bound
fatty acid in triglyceride molecules are split
either by chemical or enzymatic hydrolysis.
The Palm Oil Refiners Association of
Malaysia standard specifications for
the FFA content (as palmitic acid) is 5%
maximum in CPO and 0.1% maximum in
refined-bleached-deodorised (RBD) oils,
respectively. Currently, the premium oil
at the mill is manually segregated every
30 minutes after analysing for the FFA
content and switching the flow of CPO into
the clarifier tank. The common practice to
determine the FFA content in crude palm
oil is the wet chemical method. To meet this
demand, it will be of great advantage to

* Malaysian Palm Oil Board (MPOB),
6, Persiaran Institusi, Bandar Baru Bangi,
43000 Kajang, Selangor, Malaysia.
E-mail: fatahyah@mpob.gov.my
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use the near infrared (NIR) system, which
is more efficient, much faster and solvent
free compared to the titration method. With
the NIR system, the FFA of the CPO can be
analysed instantaneously where the result
is conveyed as an electrical signal to operate
a two-way valve that switches the CPO flow
into separate tanks. As a result, mills can
segregate automatically the low and from
high FFA CPO. The objective of the paper
is to introduce an automatic segregation
system for producing low FFA premium oil.
NIR CALIBRATION
Near infrared (NIR) spectroscopy is a fast
analytical technique using non-destructive
wavelengths of 800 nm to 2500 nm and no
sample preparation is required. The system
is calibrated using similar product samples.
The values obtained using standard
laboratory method and the calibration
are tested for goodness of fit based on
2
R , standard error coefficient (SEC) and
standard error of prediction (SEP) Figure
1. Calibration models are downloaded into
the analyser for sample analyses. The NIROnline system is used to monitor free fatty
acid content during the palm oil milling
process.

PROCESS DESCRIPTION OF NIR
ONLINE SYSTEM
• The NIR sensor detects the FFA content
in crude palm oil and send a signal to
the Programmable Logic Control (PLC)
(Figure 3).
• The signal is amplified and interfaced
to give an indication on the computer
monitor; and also operate the control
valves located on the pipeline to the
clarifier tank.
• The clarifier valve (Figure 2) opening is
dependent on the signal given by the
controller. The threshold value is set to
a maximum of 1.5% FFA for premium
oil (clarifier A) and above 1.51% FFA for
standard quality oil (clarifier B).
• The system is linked to a computer for
continuous monitoring of FFA.
By increasing the quality of the crude
palm oil, the Malaysian palm oil industry is
able to compete in the world oil market and
bid better prices.

Titration method (%)

Figure 1. NIR calibration curves for free fatty acid (FFA) content.
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Figure 2. NIR Online System in the mill.

Figure 3. Schematic diagram of automatic premium oil segregation using the NIR system.

BENEFITS
The FFA content of crude palm oil is always
used as an indicator of quality by palm oil
refiners. Higher prices are paid for better
grade crude palm oil.

Advantages of low FFA content:
• lower refining losses of oil;
• lower usage of bleaching earth;
• the low dosage of phosphori; and
• increased income.
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FT-NIR Spectroscopy for the
Palm Oil Industry
BRUKER
MALAYSIA
SDN
BHD
Bruker:
The perfect partner
for the palm
oil industry


- Dedicated and user friendly TANGO-T spectrometer for the analysis of liquid samples
- MPA spectrometer for both liquid and solid analysis from palm kernel, kernel meals,
palm fiber to various kinds of liquids
- Process spectrometer MATRIX-F for the multi-point online/inline analysis of liquids
and solids


Why Bruker?
- Ready-to-use, precise models for oils and palm products
- Fully open platform full calibration support by local experts available on required
- Database storage and network control of spectra and methods
- Robust and rugged spectrometers with “Rocksolid” design



Benefits of Bruker FT-NIR solutions:
- Reduce chemical analysis by 90%
- Get results both for purchasing and quality control in less than a minute
- Optimize the palm oil production process

Contact us for more details www.bruker.com/FT-NIR

Bruker (Malaysia) Sdn. Bhd.
303, Block A, Mentari Business Park
No.2, Jalan PJS 8/5, Dataran Mentari
46150 Petaling Jaya, Malaysia
Tel. +60 3 5621-8303
Fax. +60 3 5621-9303
E-Mail: info.bopt.my@bruker.com

Innovation with Integrity
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FT-NIR

Designed in the USA with over 70 years of
total steam turbine experience
JASA AMAN ENGINEERING SDN BHD

28M

3500

7000

20

Jasa Aman Engineering SDN BHD
Jasa Aman Sales and Services SDN BHD
39/39A, Jalan 23, Taman Bukit Kuchai, Batu 8, Jalan 47100 Puchong, Selangor
Darul Ehsan, Malaysia
PALM OIL ENGINEERING BULLETIN NO. 122
Tel: +603-8075 6521, 8075 6750
Fax: +603-8070 2436, 8075 6485
Email: primeturbine@jasaaman.com Web: www.jasaaman.com
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Biogasclean - the best
H2S removal system with
lowest operating costs
Biogasclean is the leading supplier of gas
cleaning systems to the biogas industry. The
company is supplying clean gas to engines and
boilers with a capacity above 485 MW. Biogasclean has more than 125 references in SE Asia
and over 80 installations at palm oil mills.
Biogas from POME contains typically 2,500
to 3,500 ppm H2S and has to be reduced to
100-200 ppm to meet the engine manufacturers specifications. Biogasclean can guarantee
this gas quality with a 100% biological H2S
removal process.
Biogasclean has - compared to other gas
T ENERGY IND. SDN
cleaning BHD
systems - the lowest operating costs

and the highest availability. The downtime for
maintenance is limited to less than one week
per year as the packing media can be cleaned
inside the tank with Biogasclean’s unique
QSR® cleaning system.
Contact Biogasclean if you want to learn more!

the key to efficient
and successful
utilization of biogas
Biogasclean Asia Co., Ltd.
331 Moo 2, Unit S1/2, Soi Thetsaban
Bangpoo 54, T. Taiban, A. Muang
Samutprakarn 10280, Thailand
Tel. (+66) (0)2-395-1157
www.biogasclean.com

Malaysia Office
L-7-1, No.2, Jalan Solaris
Solaris Mont Kiara
50480 Kuala Lumpur, Malaysia
Contact person: Ho Vooi Toc
Tel: +60 12 324 2665
e-mail: ho.vt@biogasclean.com
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NTN BEARING-MALAYSIA SDN BHD

PALM OIL ENGINEERING BULLETIN NO. 122

49

EURO-TECH ASIA INTERNATIONAL SDN BHD
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(642806-W)
Lot 1032, Jalan KB 2/15, Balakong, 43300 Seri Kembangan, Selangor, Malaysia.
E-mail: masterlinks_ind@yahoo.com
Website: www.masterlinks.com.my

MASTER LINKS INDUSTRY SDN BHD

The through hardening process
provides excellent wear resistance on
the roller, pin and bush for
longest life span and minimum

elongation
For more info, please contact :

Tel : 03-8961 6261
H/P : 016-212 8961
Fax : 03-8961 6100/3690
masterlinks_ind@yahoo.com
KDI, Malaysia.
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Quality Assured & Certified Under
PALM OIL ENGINEERING
BULLETIN
O. 122
BSEN
ISON9001
: 2008
BS EN REG NO. 16885

l

JEFFCON ENGINEERING SDN BHD
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SOLID REMOVAL & OIL RECOVERY SYSTEM

A Proven technology where it can solve mill raw sludge discharge problem
in the mill oil room itself by removal of suspended solids, reduction of
COD/BOD, and recovery of oil with payback in 2-3 years. It contributes up
to 30% of mill’s profit. The system stops the problem before it becomes a
problem in the effluent ponds !
Raw sludge filter through AquaEco Reactor produces a clear filtrate with
negligible oil and suspended solids. COD/BOD of discharge is reduced by
65% to 75%. Increase Oil Extraction Rate (OER) of mill 0.4% - 0.6%.

YKL ENGINEERING SDN BHD

FILTRATE TEST RESULTS :
Type of Test

Results

Test Methods

POME

Filtrate

APHA 4500-H B

4.73@25.6°C

4.69@25.6°C

DL-LAB-TM01
(based on MN Method 8-22)

48.100

13.410

BOD 70% Reduction

DL-LAB-TM02
(based on MN Method 0-26; 0-28; 0-29)

78.000

19.500

COD 75% Reduction

Ammonial Nitrogen (NH3-N),
mg/L

DL-LAB-TM03
(based on MN Method 1-05)

70

12

Total Nitrogen, mg/L

DL-LAB-TM04
(based on MN Method 0-88)

590

28

Oil and Grease, mg/L

DOE (M) Reference Method

13.812

3

Oil is almost
non-detectable

Suspended Solids, mg/L

DOE (M) Reference Method

24.600

31

99.90% of Suspended
Solids removed

APHA 2540 B

49.750

20.760

pH VALUE
Biochemical Oxygen Demand
(3 Days @ 30°C), mg/L
Chemical Oxygen Demand,
mg/L

Total Solids, mg/L

* The system has consistently shows that there is less than
300ppm of oil and less than 300ppm of suspended solids
in the filtrate. COD-BOD of filtrate discharge to effluent
pond is about 30% of original raw sludge COD-BOD.
* AquaEco cutting edge patented green technology
provides the first real breakthrough to recover residual oil
and remove all suspended solids from raw sludge at the Oil
Room before discharge to the effluent ponds.
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YKL ENGINEERING SDN. BHD.
YTH AGRI-TECHNOLOGY SDN. BHD.
Lot 663, Batu 10, Kampung Paya Panjang, Bukit Pasir, 84300 Muar, Johor, Malaysia.
Tel : +606-9859 155 / +606-9859076 / +606-9857 518
Fax : +606-9857 567 / +606-9857 576
Email : ykl@yklgroup.com.my
Website : www.yklgroup.com.my

• To achieve the discharge particulate matters below 150ppm after boiler chimney
• Suitable to install for any biomass boiler
Electrostatic Precipitator (ESP)
• The dust laden flue gas flows through a system which consists of
collecting electrodes and discharge electrodes.
• The high field strength in the vicinity of the discharge electrodes
to create a CORONA EFFECT.
• The charged dust particles will migrate to collecting electrodes
and dust layer will accumulated and formed.
• The accumulated dust layer will remove to the hopper by the
rapping system.

YKL ENGINEERING SDN BHD

Wet Scrubber
• The dust laden flue gas flow through swirl vane plane causing the
gas to swirl upward inside the cylindrical compartment.
• The counter flow of water film created by the spiral nozzles to
provide the scrubbing action on the dust laden gas.
• The dust will trapped by the water and flows down the cylindrical
compartment to the discharge point.
• The clean gas then flow out at the top of cylindrical compartment
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YKL ENGINEERING SDN. BHD.
YTH AGRI-TECHNOLOGY SDN. BHD.
PT. YKL INDONESIA
FFB Treatment & Hard Bunch Solution Series

Heavy Duty FFB60 / Splitter
Model : KH-7

Hard Bunch Separator &
Crusher
Model : KH-12C

Hard Bunch Separator
Model : KH-12

Empty Fruit Bunch Series

YKL ENGINEERING SDN BHD
Heavy Duty EFB Shredder
Model : KH-77 / KH-77-12

Heavy Duty EFB Press
Model : KH-777

Heavy Duty &
High Capacity EFB Press
Model : KH-777-12

Heavy Duty
EFB Long Fibre Press
Model : KH-777-15

Kernel Crushing Plant Series

Automated Seed
Pressing Machine
Model : YTH-9.15S

Hydraulic Control
Crude Oil Filter Press
Model : YTH-7.40

Heavy Duty
Hammermill / Pulverizer
Model : YTH-7.100

FFB Treatment

Desludging & Dewatering System

Screw Press Desludging &
Dewatering Machine
Model : KSP403

Rotary Drum Dehydration
Belt Filter Press
Model : YH-1500L

Desludging

HB Solution

1200MT KCP

Biomass Plant

For More Information, please contact us at :
Headquarter

Branches

(Johor, West Malaysia)

(Sabah, East Malaysia)

Lot 663, Bt. 10,
Kampung Paya Panjang,
84300 Bukit Pasir, Muar,
Johor, Malaysia.
Tel

: +606-9859 155,
+606-9857 518,
+606-9859 076
Fax 56
: +606-9857 567, PALM
+606-9857 576
Email : ykl@yklgroup.com.my
Website: www.yklgroup.com.my

Sandakan Branch :
Batu 10,
Jalan Gereja Off Jalan Labuk,
90000 Sandakan,
Sabah, Malaysia.
Tel & Fax: +6089-563 388
Email
: yklgroup.sd@gmail.com
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(Sarawak, East Malaysia)

Bintulu Branch :
Lot 3134, Block 26,
Kemena Land District,
Kidurong Light Industrial Estate,
P.O. Box 2262, 97000 Bintulu,
Sarawak, Malaysia.
Tel : +6086-252 421
Fax : +6086-252 429
Email: yklsarawak@yklgroup.com.my

(Jakarta, Indonesia)

Jalan Baru Pemda,
Kawasan Industri Millenium,
Jl.Millenium IV A-24 No.6-7-8,
Cikupa - Tangerang
15710, Indonesia.
Tel

: +6221-2900 6927,
+6221-2900 6937
Fax : +6221-2900 6898
Email: yeo@yklindonesia.co.id

TURNKEY PROJECTS

Oil Recovery
System

Complete and Powerful Solutions for Palm Oil Industry
WHY HANSEN INDUSTRIAL GEARBOXES?
Inspection Cover Above the Oil Level

For easy inspection and service on the spot

Superior Design

For maximum stiffness of all components under load

Continuous Oil Circulation Through Bearing
For long trouble-free working life

SM-CYCLO (M) SDN BHD
Carburized and Ground Gearing

For strength, torque capacity, surface durability
and low noise

Unique Oil-Lock™ System
For maintenace-free sealing

Refined Internal Housing

For simple and complete oil drainage

Drywell on Vertical Down Shaft
For prevention of oil leakage

INDONESIA

PT SM-Cyclo Indonesia, Jakarta, Tel:+62-21-2961 2100/ Fax: +62-21-2961 2211/ Email: inquiry@sumitomodrive.com.sg
Jakarta: +62 812-8649-7574
Medan: +62 811-1-975-973
Surabaya: +62 8119-503110

MALAYSIA

SM-Cyclo (Malaysia) Sdn. Bhd, Kuala Lumpur, Tel: +603-5121 0455/ Fax: +603-5121 0578/ Email: smmasupport@smma.shi.co.jp
Johor: +6019-238 6101
Penang: +6019-470 3737
Ipoh: +6019-650 2909
Sabah: +6019-380 2909
Sarawak: +6019-335 0455

PHILIPPINES Sumitomo (SHI) Cyclo Drive Asia Pacific Pte. Ltd., Tel: +632 584 4291/(6346) 430 3591/ Fax: +632 584 4922
Email: inquiry@sumitomodrive.com.sg
SINGAPORE

Sumitomo (SHI) Cyclo Drive Asia Pacific Pte. Ltd., Tel: +65 6591 7800/ Fax: +65 6863 4238/ Email: inquiry@sumitomodrive.com.sg

THAILAND

SM-Cyclo (Thailand) Co. Ltd., Tel: +66 2670 0998/ Fax: +66 2670 0999/ Email: inquiry@sumitomodrive.com.sg

VIETNAM

SM-Cyclo (Vietnam) Co. Ltd., Ho Chi Minh Tel: +84 8 3766 3709/PFax:
+84O8IL
3766
3710
ALM
ENGINEERING
BULLETIN NO. 122
HaNoi Tel: +84 4 3767 2716 Fax: +84 4 3767 2770/ Email: inquiry@sumitomodrive.com.sg
www.sumitomodrive.com
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CUSTOMCRAFT (M) SDN BHD
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Titbits
MCPD Esters and Glycidyl Esters Mitigation - New
Challenge for Millers Methods

D

N Ravi Menon*

iscussions with millers on
the problems posed by the
3-MCPD issues indicated their
lack of awareness of the potential negative
sentiments this could generate in the edible
oil market. As we do not have an effective
communication mechanism with the
industry apart from the various seminars
and publications this bulletin aims to give
the millers some early warnings on pressing
issues to make them aware of the current
issues. If the millers are proactive they could
take the lead from the message we publish
to alert the top management of the mill so
that they can initiate some preliminary steps
that could help to mitigate the issues that
are real and millers will still have to mitigate
them sooner or later.
Even though 3-MCPD was recognised
as an unwelcome contaminant in any oil
based food products its formation being
solely due to the refining process during
the hydrolysis of the vegetable protein at
high temperatures, the millers should not
think that they have nothing to do with the
production of 3-MCPD in the refined oil.
Even though this sounds like a reasonable

* Malaysian Palm Oil Board (MPOB),
6, Persiaran Institusi,
Bandar Baru Bangi,
43000 Kajang, Selangor, Malaysia.
E-mail: nravi@mpob.gov.my
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conclusion, the ingredients particularly
chloride for the formation of 3-MCPD
had its origin in the mill. There are two
solutions; 1) The millers are requested to
produce CPO that is free from chloride or
if that is not possible, and 2) The refiners
have to find a way of refining CPO at lower
temperatures not exceeding 120°C or the
optimum temperature at which 3-MCPD
cannot form.
Arising from the above the time is
indeed ripe for the millers to create an
emergency vision to ensure that the refined
oil is completely free from the menace
called MCPD or Glycidyl esters as they are
unwelcome contaminants in the refined
palm oil basically because it is recognised
as a carcinogen as early as 1978. The mission
should then be directed towards modifying
process operation to ensure that the raw
materials used for processing are free from
chlorine compounds.
Mission 1. The streams close to the sea may
have water contaminated with sodium
chloride and this could certainly affect the
MCPD content of the refined oil. Currently

Titbits
the maximum chloride level allowed in the
boiler water is 200 ppm. Perhaps this value,
based on boiler water quality requirement,
should be reduced to zero if possible, to cater
for the new vision and its requirements. If
mills are using town water supply the water
will contain residual chlorine and as such
mills are requested to find alternative water
source e.g. tube well containing chloride
free water. They may also look for a cheaper
method of chloride removal system from
their process water or boiler water source.
Mission 2. High process temperatures are
required when processing high FFA oil but
if the FFA of the CPO is low the refining
temperat ure can be lowered. This would
require improved agricultural practice of
supplying fresh FFB to the mills so that the
FFA of the CPO would remain at below 2%.
This may not be a very practical solution
during rainy season when crop evacuation
could pose problems. Mills can only process
what is delivered to the mill. The plantation
also has many problems associated with
issues arising from shortage of labour.
Mission 3. It has been proven that the
washing of CPO can bring down the chloride
level but it generates significant amount of
effluent.
ANALYTICAL METHODS
The first method developed for measuring
3-MCPD was GC-MS or the Weisshaar
method, but this method was discontinued
as it was found to produce false readings
as in this method the glycidol was also
converted to 3-MCPD to give erratic values.
Many methods were developed but finally
two methods emerged as popular; the direct
and indirect methods. Even these methods
did not give uniform readings.
In the direct method each fatty acid ester
had to be identified and quantified using

liquid chromatography-mass-spectrometry
like LC-MS/MS, LC-TOMFMS etc. This
method was found to be not practical for
monitoring routine analysis due to the cost
and time of analysis. The multi-step indirect
method was found to be easier and cheaper
when compared to the direct method.
Three indirect methods were established
by German Society of Oils and Fats (DGF
Standard Methods, C-VI 18 (10), SGS
(Kuhimann, 2011. Eur J. Lipid Sci. Technol,
113:335-344) and Unilever Ermacora and
Hrnciric, (2013, J. Am. Oil. Chem. Soc.,
90:1-8). The American Oil Chemists Society
has accepted all the three indirect methods.
In this method the samples were subjected
to four step analysis; 1) transesterification to
release chloropropanediol, 2) liquid-liquid
separation from the esterified sample, 3)
derivatisation, and (4) quantification by gas
chromatography-mass-spectrometry is the
popular method used in most laboratories.
SAFE MCPD LEVELS
Dr Helle Knutsen, the Chair of European
Food Safety Association‘s (EFSA) expert
panel on Contaminants in the Food Chain
(CONTAM) has set a tolerable daily intake
(TDI) of 0.8 microgram kg-1 bodyweight
D-1 for 3-MCPD in 2016. She said that the
CONTAM panel did not set a safe level
for glycedol ester (GE) because there was
sufficient evidence that GE is genotoxic and
carcinogenic.
The panel also revealed that then levels
of GE in palm oils and fats have become half
between 2010 and 2015 due to voluntary
measures taken by the producers.
European Union (EU) and The Joint Food
Standards Australia New Zealand (FSANZ
set the legal limit for food products as 0.02
mg kg-1 for Soy & Oyster sause.
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Datasheet
Approximate Fuel Consumption - Diesel Genset
N Ravi Menon*
kW

20

30

40

60

75

100

125

135

150

175

200

230

250

300

350

1/4 load
-1

litre hr

gal hr

1.3

0.29

6

1.6

1.8

2.4

2.6

3.1

3.3

3.6

4.1

4.7

5.3

5.7

6.8

7.9

400

8.9

600

13.2

500

750

1 000

1 250

1 500

1 750

2 000

2 250

11

16.3

21.6

26.9

32.2

37.5

42.8

48.1

-1

1.32

0.35

0.40

0.53

1/2 load

litre hr
9

1.8

2.3

2.9

3.4

0.57

4.1

0.73

5.4

0.68

0.79

0.90

1.03

1.17

1.25

1.50

1.74

1.96

5

5.9

6.8

7.7

8.8

9.5

11.3

13.1

14.9

2.42

18.5

3.59

27.4

2.90

4.75

5.92

22

36.4

45.3

7.08

54.63

9.41

72.2

8.25

10.58

63.2

81.1

-1

gal hr
1.98

0.40

0.51

0.64

0.75

0.90

1.10

1.19

1.30

-1

3/4 load

litre hr
1.3

2.4

3.2

3.8

4.6

5.8

7.1

7.6

8.4

1.50

9.7

1.94

12

1.69

2.09

2.49

2.88

3.28

4.07

4.84

6.03

11

13.6

16.1

18.7

21.3

26.4

31.5

39.3

8.01

52.1

12.02

77.8

9.96

13.90

15.88

17.84

65

90.7

103.5

116.4

-1

Full load

litre hr-1

gal hr-1

0.53

2.9

0.64

0.84

4.8

gal hr
0.29

0.70

1.01

1.28

1.56

1.67

1.85

2.13

2.42

-1

1.6
4

6.1

7.4

9.1

9.8

10.9

12.7

14.4

2.64

16.6

3.54

21.5

2.99

4.11

4.69

5.81

6.93

8.64

11.46

14.30

17.11

19.95

22.77

25.60

Source: www.dieselserviceandsupply.com, colorado with some addition.

18

25.1

28.6

35.7

42.8

53.4

71.1

88.8

106.5

124.2

141.9

159.6

0.35

0.88

1.06

1.34

1.63

2.00

2.16

2.40

2.79

3.17

3.65

3.96

4.73

5.52

6.29

7.85

9.41

11.75

15.64

19.53

23.43

27.32

31.21

35.11

* Malaysian Palm Oil Board (MPOB),
6, Persiaran Institusi,
Bandar Baru Bangi,
43000 Kajang, Selangor, Malaysia.
E-mail: nravi@mpob.gov.my

PALM OIL ENGINEERING BULLETIN NO. 122

63

AQUA ECOTECH SDN BHD

64

PALM OIL ENGINEERING BULLETIN NO. 122

D

ue to the increased cost of printing, the advertisement rate is RM 848 (inclusive of
6% GST) per issue for an A4 size page of black and white, whereas the cost for
colour is RM 1060 (inclusive of 6% GST). 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. Astimar Abdul Aziz ext: 4406 • Ir. 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

123

Apr - Jun 2017

30 Apr 2017

30 May 2017

124

Jul - Sept 2017

30 Jul 2017

30 Aug 2017

125

Oct - Dec 2017

31 Oct 2017

29 Nov 2017

126

Jan - Mar 2018

30 Jan 2018

27 Feb 2018

REPLY-SLIP
Dr. Astimar Abdul Aziz/Ir. N. Ravi Menon
Engineering and Processing Division
Palm Oil Engineering Bulletin
MPOB
6, Persiaran Institusi
Bandar Baru Bangi
43000 Kajang, Selangor
PALM OIL ENGINEERING BULLETIN ADVERTISEMENT – FULL PAGE ADVERTISEMENT
Palm Oil Engineering Bulletin.
Company:
Address:

E-mail:

Tel. No.:

Contact Person:

Issue No.:

2. The artwork is attached/will be sent on
3.

Fax No.:

for your further action.
for RM
) being payment for the advertisement fee.

(

4. Thank you.

✃

(Signature and Date)

MPOB PALM OIL ENGINEERING BULLETIN - FULL PAGE

ADVERTISEMENT

(Company stamp)

* Made payable to ‘MALAYSIAN
BOARD’. BULLETIN NO. 122
PALMPALM
OIL EOIL
NGINEERING
Advertisement Reply Form received on/after 1 April 2015 will be subjected to 6% Goods and Services Tax (GST)
as imposed by the Malaysian Government.
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F

ollowing a decision by the Editorial Board to further increase the role of Palm Oil Engineering Bulletin to serve the
industry better, a new addition called Palm Oil Mill Vendor’s List has been introduced similar to Telekom Yellow
Pages to assist mill engineers to know where to source materials or services pertaining to the industry. In order to
make this useful, we need the co-operation of the mill engineers/managers to persuade their vendors to advertise
in the Vendor’s List for a nominal fee of RM 106/year (inclusive of 6% GST). If you have any queries, please
contact the following at MPOB.

Tel: 03-87694400

Fax: 03-89262971

Ir. Ravi Menon ext. 4467 or e-mail: nravi@mpob.gov.my
Ms. Lim Soo Chin ext. 4676 or e-mail: milleng@mpob.gov.my

REPLY SLIP
Dr. Astimar Abdul Aziz/Ir. N. Ravi Menon
Engineering and Processing Division
Palm Oil Engineering Bulletin Advertisement
MPOB, 6, Persiaran Institusi, Bandar Baru Bangi, 43000 Kajang, Selangor, Malaysia.
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:
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 separators
Bearings/belts/bushes
Bio-compost/biomass/bioproducts
Boiler spares/control/others
Boiler suppliers
Bunch crushers
Castings
Civil engineering
Cleaning - general
Condition monitoring/services
Control/automation/spares
Conveyors/chains/elevators/belts
Dust collectors
Diesel engines/services/spares
Dynamic balancing
Edible oil processing system
Electric motors/electrical systems
Expansion joints
Fabrication works

Fans
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
Plate heat exchanger
Pollution control/safety systems
Power plant
Pressure vessels
Processing system

Pumps/services
Renewable energy
Screw press/parts
Scrubbers/biogas
Sludge separators/decanters
Steam turbines/generators/spares
Sterilizer/parts
Storage silos
Vacuum pumps
Valves/seats
Water treatment
Waste water treatment
Weighing machines
Welding equipments/spares
Wheel loaders/spares

Signature:

Company Stamp

Name:
Date:
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Fax:

Company stamp
(Company Stamp)
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✃

MPOB PALM OIL ENGINEERING BULLETIN - VENDOR’S LIST

ADVERTISEMENT

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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STAMP

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