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F or some unknown  reasons,  in-
sufficient attention has been  giv-
en to important factors that are 

directly responsible for improving mill’s  
oil extraction rate.  Recently, during an au-
dit visit to three palm oil mills, the writer 
was surprised to note that the loose fruit 
recovered was less than 1%.  Most of the 
crop belonged to the over-ripe category 
and that  could have easily shed about 200 
loose fruits per bunch.  It is difficult to say 
what exactly would have happened to the 
missing  fruits as a high percentage of the 
crop was delivered by the smallholders. 
It will be interesting to find out whether 
the fruits will rot under the palm or it will 
land in another mill with which the trad-
ers have established commercial links. 
The loose fruits can be separately collected 
in polypropylene bags and sold as a spe-
cial commodity to mills that are willing 
to buy them at a premium price.  This is 
good business venture   as the oil content 
in the loose fruits can go up to as much as 
60% while the innermost fruits will have 
about half the oil in the fruits on the outer 
layer.

Let us discuss a hypothetical situation 
when a palm oil mill has access to pur-
chase crop comprising 50% regular bunch-
es and 50% loose fruits.  In this case, the 
mill’s extraction rate can be expected  to 
rise to  a whooping  40% based on 20% oil 
in the bunch and 60% in the fruits. When 
crude palm oil (CPO) price escalates, it is 
quite possible that the private millers may 
be tempted to be selective about the crop 
composition they choose to process.  The 
profits can be very high if the loose fruit 
contribution is high. As it may be diffi-
cult to find high percentage of fruits in 
the consignments these days possibly due 
to its segregation and sale of them as a 
separate commodity, they may purchase 
fruits from special agents who deal with 
only fruits. If the smallholders are given 
the encouragement,  they can separately 
pack all the loose fruits and sell them  to 
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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.

the special dealers at an attractive price while  
loose fruit-free bunches can still be sold to 
their regular dealers. It is a win-win situation 
for the dealers as well as the smallholders at 
the expense of the independent millers who 
will end up with very low oil extraction rate. 
This is just a hypothesis that can take shape if 
there are compromising parties who want to 
increase their income.

This practice can be categorised as a legal 
transaction and the mills that buy also are 
licensed to operate. Whether the mills may 
want to declare the actual oil extraction rate is 
a different issue.

Assuming that the above situation is real, 
we need to have a method of having a fare 
business transaction. The fruit bunches de-
livered to the mills must contain a loose fruit 
component of at least 8%.  But this may not 
be easy to enforce.

The mills under review had their own 
estates that supplied the crop varying from  
30% to 70%  and they could only deliver loose 
fruits less than 0.2% compared to 0.3% from 

the smallholders.   This leads to the conclu-
sion that in this analysis, the problem was 
caused by an acute shortage of workers. The 
smallholders as well as the estates do not 
seem to have recovered any loose fruits at 
all. Whatever loose fruits that were delivered 
could have detached during unloading or 
handling process.

If the above  activity is widespread within 
Malaysia,  it may be an uphill task to   im-
prove our national oil extraction rate.  Per-
haps a  positive effort is needed  by authori-
ties to recruit the adequate   foreign labour 
to collect all the precious loose fruits con-
taining maximum oil,  that are currently rot-
ting in the field doing  good to no one.  It is 
pointless to aim for increased yield and  oil 
extraction rate, when the essential element, 
the labour is conspicuously missing in the 
productivity equation. The first step towards 
achieving this is an accurate assessment from 
the whole industry on the labour require-
ment for performing the routine harvesting 
based on three rounds per month and the ad-
ditional labour requirement for the collection 
of all loose fruits in the field. If the labour 
supply is in order the oil extraction rate will 
take care of itself.
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Training & Seminars

MPOB TRAINING PROGRAMME SCHEDULE 2013

CODE 
NO. TITLE DATE VENUE

A COURSES 

1 OIL PALM

A1.1 Kursus Kemahiran Menggred Buah Sawit

Peperiksaan Bil. 17 (Semenanjung) 23 Okt *

Peperiksaan Bil. 16 (Sabah) 20 Nov *

A1.2 Kursus Operator Mekanisasi Ladang

Tahap 1 dan 2 Mac PLASMA Keratong, 
Pahang

Tahap 1 dan 2 Sep PLASMA Keratong, 
Pahang 

A1.3 Kursus Pengurusan dan Penyelenggaraan 
Tapak Nurseri Sawit

Bil. 4: Wilayah Utara 10 – 11 Sep Grand Court, 
Teluk Intan, Perak

Bil. 5: Wilayah Tengah 24 – 25 Sep De Palma Hotel, Kuala 
Selangor, Selangor

2 PALM OIL

A2.1 Diploma in Palm Oil Milling Technology 
and Management (DIPOM)

Exam Semester III 2 – 3 Sep MPOB HQ

A2.2 The 27th MPOB Oil Palm Products Surveying 
Course

2 – 6 Sep Premiere Hotel, 
Klang, Selangor

A2.3 The 26th MPOB Oil Palm Products Surveying 
Examination 

Oct* *
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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.

A2.4 Kursus Penyelia Kilang Minyak Sawit

Peperiksaan

23 – 27 Sep

11 Nov

PLASMA Lahad Datu, 
Sabah

PLASMA Lahad Datu, 
Sabah

A2.5 Kursus Pengendali Makmal Kilang Minyak Sawit 30 Sep – 10 Okt MPOB HQ

A2.6 Kursus Kemahiran dan Pengetahuan Asas 
Rawatan Tertiari Efluen Sawit

Wilayah Sarawak
Wilayah Semenanjung

24 – 26 Sep
29 – 31 Okt

*
*

A2.7 Kursus Penyelia Bengkel Kilang Sawit 30 Sep – 4 Okt MPOB HQ

A2.8 2nd Introductory Course on Oleochemical  (ICOC) 6 – 7 May MPOB HQ

A2.9 Kursus Drebar Enjin 7 – 11 Okt MPOB HQ 

B MPOB CONFERENCES AND SEMINARS

1 33rd Palm Oil Familiarisation Programme 1 – 8 Sep Sheraton Hotel, 
Kuala Lumpur

2 2013 International Conference on Oil Palm and the 
Environment

24 – 25 Oct MAEPS, Serdang

3 PIPOC 2013 19 – 21 Nov KLCC, Kuala Lumpur

4 5th MPOB-IOPRI International Seminar on Sustaina-
ble Management of Pests and Ganoderma Disease 
in Oil Palm

22 – 23 Nov KLCC, 
Kuala Lumpur

Training & Seminars

Note: *To be confirmed.
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* Malaysian Palm Oil Board, 6, Persiaran Institusi, 
Bandar Baru Bangi, 43000 Kajang, Selangor, Malaysia.

 E-mail: nravi@mpob.gov.my  

Measuring Woes Associated with MSPO Audit 
Compliance

N Ravi Menon*

M
SYNOPSIS

easurements associated with 
palm oil extraction process 
are often categorised as some-
thing difficult, if not impos-

sible by some palm oil mill owners and its 
top management. They often underestimate 
the importance of accurate measurement of 
product losses in order to improve the over-
all performance of the mill operation ulti-
mately leading to improved productivity. 
As today’s technology has a lot to offer with 
the vast product line that is at our disposal 
to choose from, millers are in a better posi-
tion than what it was a few decades ago. 
However, the new technologies for prod-
uct quality and process efficiency do not 
seem to be penetrating the palm oil indus-
try fast enough to match the rapid change 
that is taking place in other edible product  
processing plants. Any suggestions to im-
prove the prevailing obsolete mill practices 
are often met with recalcitrant responses 
that appear to be based more for the sake of 
opposing rather than based on clear think-
ing. Even a simple suggestion to tighten 
the steam joints to prevent steam leakage, 
in essence a good milling practice,  is mis-

construed as imposing additional burden 
on the millers claiming that it will require 
the measurement of the leaking steam and 
that it is almost an impossible task. If there 
is steam blowing out from a flange joint, 
the natural thing any miller would do is 
to tighten the bolts on the flange coupling. 
There is no necessity to quantify the steam 
that has blown out.  No miller would like to 
produce the steam and allow it to leak not 
because it will increase the greenhouse gas 
(GHG) and cost of production. The focal 
point is why produce something and waste 
it. In this article, an attempt is made to dis-
seminate to the industry some of the com-
mon-sense approaches to regulate wastage 
of resource materials. Some simple meas-
uring techniques are also recommended 
for quantifying essential by-products and 
losses for improving the overall milling ef-
ficiency. 

THE NEED FOR MONITORING STEAM 
WASTAGE

A well-operated mill will only allow the 
steam to blow out through the steam re-
ceiver relief valve when there is reduced 
demand for steam.  Even in a case of this 
nature,  by proper steriliser sequencing, re-
lief valve setting and fuel feed control, the 
steam blow off can be minimised if not to-
tally prevented. 
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The steam continuously passing through 
a closed valve, steam trap, relief valve, non-
return valve, isolating valve and punctured 
steam range can be termed as criminal of-
fences in the  court of steam. This can hap-
pen only through negligence on the part of 
the mill maintenance team. Measurement 
of this steam alone will not solve the prob-
lem. What a mill management should em-
phasise is that such a steam wastage should 
not happen irrespective of whether the  
mill wants any kind of certification or not.  
This requirement has all along been part 
of the good milling practice (GMP) and all 
mills should have this incorporated in their 
standard operating procedures (SOP). This 
is not a new requirement. If however, mills 
want to continue with any environment 
polluting practices that contravene the De-
partment of Environment’s (DOE) regula-
tions and still want Malaysian Sustainable 
Palm Oil (MSPO) certification, the MSPO 
certification would be ultravires as it vio-
lates the statutory requirements.  Then it is 
the prerogative of the DOE to act according 
to whatever legislation is in force to prevent 
environmental pollution. It makes no differ-
ence whether such actions are specifically 
mentioned in the MSPO document or not, 
as MSPO, just like any certification body 
shall recognise every government regula-
tions as no certification body has the man-
date to over-ride government regulations.

EXISTING MEASUREMENTS AND 
ADDITIONAL REQUIREMENTS

Let us survey the  existing measuring equip-
ment in the mills and list out the addition-
al ones  needed to comply with the MSPO 
requirements. We also have to investigate 
whether the equipment acquisition would 
entail  exorbitant funding in order to dispel 
any  such imaginary fears in the minds of 
the mill owners. 

Weighing Machines

All the mills are equipped with weigh-
ing bridges approved by the Department 
of Weights and Measures. The Department 

certify this equipment annually, being a 
mandatory requirement. The weighing 
machine can be considered as the most im-
portant weighing machine in the palm oil 
mill. It is used for the following weighing 
operations and the seriousness of weighing 
of each product is indicated by star rating 
in Table 1.

Fresh Fruit Bunch Cages

The fresh fruit bunch (FFB) cages are 
loaded by operating the hopper doors and 
manual judgment is used to perform the 
cage filling operation. In a 5 t cage,  it is as-
sumed that it is holding 5 t FFB. However, it 
may contain less or more than the assumed 
5 t.   This weight is only an approximation.  
After the processing is over, the weight of 
the FFB processed is calculated or comput-
ed using a simple calculation as flows. 

The FFB processed is equal to (the 
weight of the unprocessed FFB brought for-
ward from the previous day + FFB received 
on the day) – (the weight of unprocessed 
FFB carried forward to the next day). The 
last item is an approximation computed by 
measuring the number of filled FFB cages 
not processed x the standard weight of FFB 
in a cage. It is not necessary for  this figure 
to be very accurate.

STERILISER CONDENSATE

Measuring Technique

The steriliser condensate is seldom 
measured by mill. For some mills, a read-
ing taken once a year or one obtained from 
another mill (sometimes industry norm) 
is used as the condensate produced by the 
mill. The actual mill value could deviate 
considerably from this adopted figure. The 
volume of condensate produced can gives 
a good indication of the high over-ripe 
bunches  processed or excessive sterilisa-
tion cycle adopted by the mill. This infor-
mation can be used to control the sterilisa-
tion regime to reduce oil loss in the empty 
fruit bunch (EFB). The declared reason for 
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TABLE 1. THE STAR RATING OF AREAS WHERE MEASUREMENT IS TAKEN

Fresh fruit bunch (FFB) delivered to the mill ★ ★ ★

FFB (unprocessed) carried forward to next day (calculation based on the 
cages not yet processed  x average cage weight)

★

Crude palm oil (CPO) shipped out from the mill ★ ★ ★

Palm kernel  shipped out from  the mill ★ ★ ★

Empty fruit bunch dispatched out from the mill to own estate or traded ★ ★

Empty fruit cages back log (23% of FFB processed) - (EFB weighed out) ★

Palm kernel shell out from the mill own estate or traded ★ ★

Diesoline delivered to the mill ★ ★ ★

Fertiliser purchased by affiliated estates (as service to the estate).  
Counter check by estate document

★ ★ ★

Sludge oil out from the mill ★ ★ ★

Any other miscellaneous item, e.g. scrap metal sales ★ ★

non-measurement of this important piece of 
information is that there is no datum head 
to accommodate a basculator for its meas-
urement. The steriliser is located at a lower  
level or almost the same level as the  con-
densate pit making it impossible to install 
a gravity feed system. Another justification 
by private millers for non-measurement is 
that it is an unnecessary waste of time that 
gives no returns. 

The Necessity for Condensate Measure-
ment

When different sterilisation regimes are 
tried out, it is useful to evaluate the con-
densate produced as the absolute oil loss in 
the condensate is what a miller should be 
interested in, not just the oil content in the 
sample. To illustrate this point, let us con-
sider an oil loss of 0.7% on sample in mill 
A and in another mill B, the loss is 1.0%.  
Which mill is performing better? Most top 
management personnel may unwittingly 
vote for A.  No one can answer this correct-
ly unless the condensate measurement is in 
place. If we know that mill A produces 22% 

condensate as a percent  to FFB and mill B 
produces 12%  condensate as a percent to 
FFB, a judicial assessment can be made that 
the mill B is performing better than mill A 
despite its higher losses on the sample, i.e. 
0.12% vs. 0.154% as a percent to FFB pro-
cessed. Many of the top management policy 
and decision-makers could well be in a situ-
ation illustrated here as many modern look-
ing processing establishments do not have 
fully functional laboratories. One manager 
in a private mill even declared that labo-
ratory analysis is an unnecessary waste of 
time.

Condensate to FFB Ratio

Condensate measurement, at whatever 
datum level it is located, should not be an 
issue when condensate measurement is giv-
en sufficient importance as a tool for process 
control. The condensate can be pumped 
into another pit through a flow meter and 
its daily reading can be documented and 
compared when different sterilisation re-
gimes are tried out.  The condensate to FFB 
ratio also can tell us the efficiency of heat 
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transfer from the steam to the bunches. It 
can also tell us the amount of steam blown 
out of the steriliser (wasted steam) without 
imparting its enthalpy of condensation to 
the bunch. 

Optimising Condensation

If all the steam admitted to the steriliser 
has managed to condense, it means that the 
steam has done a good job of heating the  
bunches effectively. If after the sterilisation 
cycle has been completed and we continue 
to keep the bunches in the steriliser until 
all the steam has condensed then theoreti-
cally it will be almost impossible to have 
any hard bunches. This may require an 
additional steriliser to accommodate  that 
rest period for each steriliser but it may be 
worth the while because we are reducing 
a considerable amount of greenhouse gas 
(GHG)  that otherwise would reinforce the  
already excessive GHG present  in our at-
mosphere. When translated into figures, the 
steam used in a 60 t hr-1 mill is about 36 t 
hr-1.  If 20% of it is condensed the remaining 
steam blowing out into the atmosphere is 
still a formidable 29 t hr-1.  If we look at the 
national level, it is about 42 million tonnes 
of  steam per year. The emission of meth-
ane from the effluent ponds contributes to 
an addition of about 28 billion cubic centi-
metres of carbon dioxide equivalent. This is 
certainly a cause for concern.

THE FRUIT CONTENT IN THE BUNCH

Fruit to Bunch Ratio

Currently, there is no provision or any 
interest displayed by mills to measure the 
fruit to bunch ratio, an important compo-
nent of a fruit bunch. The fruit to bunch ra-
tio can gives a good indication of the oil in 
the fruit and the bunch as well.  It can also 
indicates whether the plantations have been 
applying sufficient fertiliser to the palms.

The fruit to bunch ratio can also convey 
vital information to the plantation own-

ers or investors. Based on the data from six 
agencies compiled by Rajanaidu  and Jalani 
(1983), the average fruit to bunch ratio was 
65.71%.  If this ratio dropped to say 60% 
then it can mean several things like a drop 
in pollination efficiency, or most likely the 
fertiliser meant for the palms would have 
gone somewhere else and the top manage-
ment can monitor fertiliser applications 
more closely.

Mesocarp to Fruit Ratio

Another important observation is the 
fruit to mesocarp ratio that can be related 
to fertiliser application and to a certain ex-
tent the intensity of rain fall. The average 
value for this is 77.27% in the study by Ra-
janaidu and Jalani (1983).  It is worthwhile 
to record these values at least on a yearly 
basis to observe its relevance on oil extrac-
tion rate (OER). This involves considerable 
man hours if done manually  by shaving  
off the mesocarp but can easily be stripped 
by using a simple motorised machine that 
can separate out the mesocarp. By weigh-
ing the nuts, the mesocarp weight can be 
established  by subtracting  the nut weight 
from the weight of the fruits. This is a use-
ful analysis to assess the quality of outside 
crop. An experienced engineer can also 
roughly assess this ratio by checking the 
depth a knife blade that can sink into the 
fruit mesocarp. This can vary from 1 mm 
to 1 cm and this depth can roughly indicate 
the expected OER from such fruits.

PALM FRUIT NUTS

Methods of Measurement

Until now, most mills do not seem to 
have an accurate method of weighing the 
nuts. As the weight of wet  and dried nuts 
will be different, it is important to weigh 
the nuts after drying. There are many ways 
of  measuring the nut production rate. Nuts 
from nut drying silo may pass through a 
basculator using an electronic counter.
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Alternatively, nuts travelling on a belt 
conveyor can be weighed to get accurate 
measurement of nuts.  Wet nuts may also 
be weighed and with a correction factor the 
true weight of the dry nuts can be obtained.

An intermediate buffer nut silo mount-
ed on load cells located above the nut silo 
could also serve as an accurate measuring 
device.

PALM KERNEL

Palm kernel is best weighed using load 
cells mounted under each production silos 
which are capable of giving  accurate read-
ings. The current practice by some millers  
of taking soundings in the bulking silos is 
not only labour-intensive and unscientific 
but also gives unreliable readings.

PALM KERNEL SHELL

The difference in weight between the nut 
and kernel will gives the weight of total 
shell.  As cracking of the nuts generate light 
particles that can be separated out by us-
ing suction fan, the particles separated are 
called low tension dust particles or LTDS. 
The larger particles are generally separat-
ed by using the wet separation or multiple 
stages of dry separation. 

PULVERISED KERNEL DUST  

Most mill engineers are not aware of the 
large volume of pulverised kernel dust 
(PKD) which  the present ripple mills are 
churning out and remain undetected as  it 
finds its way mostly to the LTDS shell or 
the  fibre cyclone. These nut crackers work 
on the principle of the grinding action of 
the ripple surface against the rotor rods. 
This results in the production of vast quan-
tities of PKD. Currently, the PKD trapped 
in LTDS shells or mespocarp fibre are com-
busted without being quantified. This can 
be weighed by sieving the cracked mixture 
before it is subjected to LTDS separation to 
enable the process engineer to at least quan-
tify  the kernel loss for the sake of creating 

an awareness of such a loss. The recovered 
PKD is kernel that can be marketed as fod-
der if a market is created for it. 

LOW TENSION DUST SEPARATION 
SYSTEM  

The cracked mixture  is subjected to a win-
nowing separation using an induced draft 
fan. Most of the shell is expected to be sepa-
rated by this winnowing system. However,  
in some mills, it separates only about 20% 
of the total shell. Efforts must be made to 
maximise the dry shell separation with-
out compromising kernel loss in the  shell. 
There is no proper method of weighing this 
shell  which is separated by the dry sepa-
ration system in most of the mills with the 
result that it is not performing as it should. 
The light shell discharged from the LTDS 
cyclone cannot be weighed in a reasonable 
time as the large volume discharged from 
the cyclone can be difficult to manage, even 
when the unit is as low as 1 min. Neverthe-
less, attempts must be made to monitor the 
LTDS shell separated in unit time at least 
half yearly to evaluate the performance of 
the LTDS separating system.

The preferred measurement is a buffer 
silo sitting on load cells so that the total 
LTDS production is quantified.  In existing 
mills, this installation would require some 
alterations of the fuel platform. Some care 
should be exercised if any attempt is made 
to raise the location of LTDS cyclone as any 
alteration to the height of the LTDS duct-
ing would affect separation efficiency. The 
other alternative is to place the buffer silo 
underneath the cyclone necessitating the 
silo body to extend below the fuel platform 
and the shell conveyor to be made into an 
inclined one instead of the horizontal con-
figuration usually seen in mills.

WET SHELL

Wet shell can be easily weighed with the 
help of load cells if it is discharged into a  
storage silo. The accurate measurement of 
the shell produced by the mill may become 
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a focal point when production of renewable 
energy gains momentum. The production 
and its availability for renewable energy 
(RE) power generation have national signif-
icance and the data should be freely accessi-
ble to potential entrepreneurs as well as the 
green energy corporation.
   

EFFLUENT  MEASUREMENT

The total effluent production can be classi-
fied under: (a) steriliser condensate, (b) final 
effluent  and (c) hydro-cyclone or clay-bath 
separator. The final effluent usually rang-
es from 45% to 50% of the FFB processed, 
the steriliser condensate from 15% to 20% 
and the clay-bath/hydro-cyclone about 
5% making a total of about 70%. For some 
mills, this figure can be as high as 120% of 
the FFB processed as the wash water also 
appear to have been added to the effluent. 
Currently, most mills make use of bascula-
tors to measure the effluent production rate. 
Sophiscated measuring equipment availa-
ble for fluid measurement failed to perform 
for long when used for effluent measure-
ment probably because of the high effluent 

Figure 1. A method showing the installation of flow meters in a palm oil mill.

temperature or the high percentage of sus-
pended solids in the effluent.

WATER USAGE AND ITS 
MEASUREMENTS

The  water usage is generally confined to:  
(a) boiler feed make-up, (b) hydro-cyclone/
clay-bath, (c) wash water including office 
use and (d)  domestic water supply. Sepa-
rate meters have to be installed on each of 
the distributing branches of utility immedi-
ately after the pressure sand filter so that all 
the readings can be taken at the same time. 
It is also preferable to have a master flow 
meter preceding the individual meters to 
act as a check for the accuracy of the meters 
as indicated  in Figure 1. The  meter installa-
tion should be done in a professional way.

It is important to monitor the water us-
age in each of the branches to reduce water 
wastage and  detect water leakage especial-
ly the domestic water supply line (a com-
mon occurrence). The smaller meters are 
inexpensive and efforts should be made to 
measure the water usage in different areas 

DISTRIBUTION BRANCHES

BOILER FEED 
MAKE-UP

DOMESTIC SUPPLY

H/CYCLONE/CLAY-
BATH
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as the readings would help to reduce water 
wastage particularly water leakage.

In a place like flocculation tank (water 
clarifier), the thickness of the sludge blan-
ket is maintained at a certain level by drain-
ing out the excess floc. This can be quan-
tified by having a meter at the inlet and 
outlet. The difference in the meter reading 
would gives the amount of water drained. 
Likewise, the pressure sand filter   should 
also has two meters to evaluate the water 
wasted for back washing. All these readings 
will help the mill engineers to monitor and 
control water wastage.

STEAM LEAKAGE

Steam leakage should not be related to 
only its impact as GHG.  It is a  bad milling 
practice if mill management allows steam 
to blow out of flange joints, valves, relief 
valves and other equipment. This issue can 
be taken up under poor maintenance and 
not under GHG even though steam is quali-
fied to be labelled as a GHG.  The mill own-
er or the management must understand 
with full clarity the fact that steam should 
not be wasted without getting some work 
out of it.

Steam should Not Leak from any Part of 
the Processing Plant

The leakage of steam should be consid-
ered as an abnormal occurrence and not the 
other way around.  This should clearly be 
understood by the whole industry. It costs 
money to produce steam and the stored up 
energy in it  should not be allowed to go to 
waste. Some mill owners believe that MSPO 
will make it a mandatory requirement to 
quantify the leakage steam and that will 
be an impossible task for the millers. There 
is no such requirement.  If MSPO auditors 
marked the leakage of steam from a flange 
joint as an ‘observation’, the mill mainte-
nance team can rectify the defect within 10 
min and the ‘observation’ can be negated 
even before the auditors leave the site. It is 
as simple as that!

Steam being a GHG, its leakage into the 
atmosphere also contributes towards global 
warming even though it may not significant 
enough to cause any immediate catastro-
phe. In addition, another GHG, carbon di-
oxide is produced during the combustion of 
the biomass for generating this steam. Both 
these can be prevented by just stopping the 
leakage. If millers take the trouble to clarify 
the dirty river water and  make it suitable 
to be used as a boiler  feed water by soften-
ing it and pressure filtration and generate  
steam using licensed operators and engi-
neers, it does not make business sense to al-
low it to blow out into  the atmosphere.

Steam Pressure Relief Valves

The leakage or premature lifting of the 
relief valves can also be observed in some 
mills. This can be prevented in many ways. 
Pressure build-up in steam receiver occurs 
when there is no steam demand by the ster-
ilisers possibly caused by poor sequencing 
of the sterilisation cycle. This can be pre-
vented by ensuring that there is a steam de-
mand at all times from one or more of the 
sterilisers.

The steriliser sequencing shown in Figure 
1 is not necessarily the best and the millers 
are urged to sequence the valve operation 
to suit their own sterilisation regime which 
may vary from what is shown in Table 
2.  The principle is to ensure that there is 
a continuous steam demand to prevent a 
pressure rise in the steam receiver.

MSPO stipulates that leakage of steam 
is an auditable event as it implies that the 
mills having such problems have to im-
prove its maintenance performance by pre-
venting such occurrences. Let us consider 
some common events in palm oil mills.

Steam traps in most of the palm oil mills 
do not trap steam; in fact steam can be seen 
blowing out of the steam trap in most of 
the mills. The function of a steam traps as 
the very name implies is to trap the steam 
and when large quantities of steam pass 
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through the traps and the mill personnel 
display indifference to it, it is a matter of 
concern. The defect, in most cases could 
be minor in nature like a foreign particle 
lodged on the discharge valves is prevent-
ing it from reseating. A sensible remedy for 
this is to open the traps on a routine basis 
say half yearly and clean them.

Steam traps in most palm oil mills were 
found to be defective due to lack of rou-
tine maintenance.  The irony of the whole 
issue is that some mill engineers actually 
believed that the steam blowing out of the 
steam traps was a clear indication of the 
healthy condition of the steam trap!  The 
mills should seriously consider the steam 
trap maintenance as an important part of 
the SOP. The steam traps must be opened 
up at least once a year with internals in-
spected and cleaned to ensure that the mov-
ing parts are operational.

All isolating valves, relief valves and 
non-return valves should also be opened 
up and internals cleaned up to ensure that 
they are in a healthy condition.

GREENHOUSE GAS MEASUREMENT

The combustion of any type of fuel includ-
ing oil palm biomass releases carbon di-

oxide when combusted.  However, many 
people seem to be not well versed with the 
terminology associated with the nature of 
carbon dioxide produced by biomass com-
bustion. The carbon dioxide molecules pro-
duced by the combustion of any one of the 
thousands of combustible material are iden-
tical. It is one and the same.  All are GHG 
with the same potency. Then the question 
may be asked as to why it is selectively ex-
empted from being branded as a GHG. 

The rationale for such exemption is that 
the carbon dioxide produced by biomass 
combustion is neutralised by the very trees 
the biomass had its origin when the palm 
fronds absorb the carbon dioxide in the day 
time for photosynthesis so that there is no 
net gain in the carbon dioxide produced.  
In contrast, even though the fossil fuel like 
coal, crude oil, natural oil  etc. had its origin 
in trees as the carbon dioxide neutralisation 
took part millions of years ago, they cannot 
be termed as renewable energy source.

Based on the aforesaid exposition of the 
biomass generated carbon dioxide, it is clas-
sified as a good carbon dioxide. Perhaps the 
more appropriate terminology would be 
exonerated carbon dioxide or CO2e. In any 
audit trials, there is no requirement for its 
measurement. But its quantification and 

TABLE 2.  STERILISER SEQUENCING TO AVOID FREQUENT 
RELIEF VALVE LIFTING AND STEAM BLOW OFF

No. Steam  
in  1

Steam out
1

Steam  
in  2

Steam 
out  2

Steam in
3

Steam out
3

Door open

S.1 0000
Time start

0015 0020 0035 0040 0120 0135

Steam in
3

Steam out Door open Steam in
1

Steam out 
1

Steam in
2

Steam out
2

S.2 0040 0120 0135 0000
Time start

0015 0020 0035

Steam out Door open Steam in Steam out Steam in Steam out Steam in

S.3 0120 0135 0000
Time start

0015 0020 0035 0040

Note: S = steriliser.
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TABLE 3.  BIOMASS CARBON AND CARBON DIOXIDE PRODUCTION RATE

Components Percentage kg/kg fuel Percentage kg/kg fuel

Carbon 46.396 0.46396 57.909 0.57909

Hydrogen 9.283 0.09283 12.600 0.12600

Nitrogen 0.391 0.00391 0.343 0.00343

Oxygen 43.930 0.43930 19.148 0.29148

Total 100 1.00 100 100

Ratio by weight Ratio by weight Ratio by volume and weight

C + O2 = CO2 2 H2 + O2 = 2 H2O Nitrogen: oxygen ratio 

12 + 32 = 44 4 + 32 = 36 -

Oxygen to carbon ratio 
= 32/12 = 2.667

Oxygen: carbon ratio = 32/4 = 8 79.1/20.9 = 3.78 by volume 

Carbon: carbon dioxide ratio
= 44/12 = 3.667

Hydrogen to water ratio = 36/4 = 9 76.8/23.2 = 3.31 by weight 

Fuel kg/kg fuel Mesocarp fibre Palm kernel shell

Theoretical carbon to 
carbon dioxide 

Carbon fraction: 046396 kg
Oxygen required:
0.46396 x 2.667 = 1.23738 kg
Carbon dioxide produced:
0.46396 x 3.667 = 1.701341 kg
Ratio of carbon to carbon dioxide:
1.70341/0.46369  - 3.67

Carbon fraction: 0.57909 kg
Oxygen required: 
0.057909 x 2.667 = 1.544433 kg
Carbon dioxide produced:
0.57909 x 3.667 = 2.123523 kg
Ratio of carbon to carbon dioxide:
2.123523/057909 = 3.67

The actual ratio shown below is 18 times less than the theoretical value shown above 
for palm biomass fuel. 

 Hydrogen to water Hydrogen fraction: 0.09283 kg 
Oxygen required: 
0.09283 x 8 = 0.74264 kg
Water produced:
0.09283 x 9 = 0.83547 kg
Ratio of hydrogen to water:
0.83547/0.09283 = 9 

Hydrogen fraction : 0.1260 kg
Oxygen required:
0.1260 x 8 = 1.008 kg
Water produced:
0.1260 x 9 = 1.134 kg
Ratio of hydrogen to water:
1.134/01260 = 9

Note: Raw Fuel Combustion in Actual Test 

Combustion of 520 kg fibre (37% moisture) + 150 kg shell (12% moisture) produced 41.28 kg of carbon dioxide.
Fibre to shell ratio: 3.5. Carbon dioxide to fuel ratio: 670/41.28 = 16.23 in raw form … (1)
This means that 16.23 kg fuel is required to produce 1 kg of carbon dioxide.
In dry form = 328 kg fibre and 132 kg of shell.  Carbon dioxide to carbon ratio = 11.14 in dry form .. (2)
In terms of carbon = 152 kg carbon from fibre and 76.4 kg of carbon from shell.
Total carbon = 228.4 kg carbon.  In this case, carbon dioxide to carbon ratio  = 228.4/41.28 = 5.53 .. (3)
Carbon to carbon dioxide ratio: 5.533 kg carbon is needed to give 1 kg of CO2.

Source: Loh et al. (2012).
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display would be credit points for the mills. 
The measurement is relatively simple in-
volving no cost. 

The carbon dioxide calculation is based 
on an actual trial conducted in a palm oil 
mill and the carbon dioxide values  were  a 
far cry from what conventional calculations 
would suggest. In a palm oil mill boiler, 
the combustion of 520 kg of mesocarp fibre 
(37% moisture) and 150 kg of palm kernel 
shell (12% moisture) produced 41.28 kg of 
carbon dioxide. This gives a fibre and shell 
fractions at 78% and 22%  and fuel (raw) to 
carbon dioxide ratio of 16.23 (670: 41.28). 
More details are given in the datasheet sec-
tion in this issue of the Palm Oil Engineer-
ing Bulletin. This means that 16.23 kg of fuel 
comprising mesocarp fibre and palm kernel 
shell at the ratio of 78% and 22% on com-
bustion produced 1 kg of carbon dioxide. 

This figure may be taken for approximate 
calculations. If more accurate calculations 
are desired, the carbon to carbon dioxide 
ratio of 5.53 should be used, i.e. the combus-
tion of 5.53 kg of carbon will produce 1 kg 
of carbon dioxide calculations as shown in 
Table 3.
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Steam as a Greenhouse Gas  
N  Ravi Menon*

I t cannot be denied that steam or 
cloud is a greenhouse gas (GHG). The 
formation of cloud and its eventual 
condensation is a natural process that 

is beneficial to humanity as it is responsible 
for the rain which we get. We certainly do 
not want to touch on that as  it is beyond 
our capacity to interfere with nature.

However, we can stop the leakage of 
steam from faulty valves and steam traps. 
During our Code of Practices (CoP) audit 
visits to palm oil mills, we noticed the fol-
lowing:

• the steam isolating valves were passing 
when the steam feed pump was in shut 
position;

• the 21 bar-g steam range feeding steam 
into steam turbine had holes on it and 
steam was seen blowing out while  the 
hot condensate was dripping down to 
the floor;

• almost all the steam traps installed in 
the mills which we visited were mal-
functioning. The job of a steam trap as 
implied by its very name is to drain 
only the condensate and to trap  the 
steam. When mills were asked on the 
frequency of overhauling carried out on 
the steam traps the answer was, never 
done even in 20 years. The steam con-

* Malaysian Palm Oil Board, 6, Persiaran Institusi, 
Bandar Baru Bangi, 43000 Kajang, Selangor, Malaysia.

 E-mail: nravi@mpob.gov.my  

tinuously blew out of the trap as though 
it was the normal occurrence. In most 
cases, the malfunctioning of the steam 
was due to the accumulation of sludge 
or foreign objects that prevented the 
valve from shutting after the discharge 
of condensate. The faults that could oc-
cur are wearing away of the discharge 
holes or valves or some parts within the 
trap; and 

• the premature release of steam from the 
steam relief valves. The steam should 
not blow out of a relief valve. If it does, 
it simply means the valve is worn and 
need lapping until it seats fully. It may 
also be due to the faulty setting of the 
valve.

All the defects can be corrected easily 
by the mill artisans on the non-processing 
day. The cost and time needed to rectify the 
defects are very minimal. The maintenance 
tasks should be considered as routine main-
tenance and not major work needing a for-
tune to rectify.  

By ignoring the steam leakages and re-
sorting to no action, the mills are positively 
contributing towards the following addi-
tional GHG, without being aware of it.

• The controllable release of steam, a 
GHG to the atmosphere.

• Secondary emission of CO2, another 
GHG that is produced when biomass is 
combusted; it does not serve any use-
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ful purpose. If every mill is committed 
to stop this waste, it could make signifi-
cant contribution towards reducing the 
adverse impact on the environment.

We do agree that the exhaust steam 
blowing off from the sterilisers using the 
current operational procedure cannot be 
stopped immediately. But the exhaust 
steam still contains substantial amount of 
heat energy that could only be realised by 
putting it into good use, if we manage to 
condense the exhaust steam. In such a case, 
the large quantity of the latent heat of con-
densation, that is wasted now, can be uti-
lised for pre-heating fresh fruit bunch. This 
can be considered under the continuous im-
provement, without branding it out right as 
something impossible.   

It is possible to establish a reasonably 
accurate mass of the steam discharged into  
atmosphere. The steam input is based on 
the mass flow rate of the steam produced 
by the boiler. All we need is to measure the 
steriliser condensate. Then using the well-
documented  mass balance of fresh fruit 
bunch (FFB) components  before and after 
sterilisation, the weight of exhaust  steam 
can be established. This measurement does 
not involve any cost, but provide  useful 
data for the mill engineer.

The steam produced by the evapora-
tion of moisture contained in the fuel is not 
necessary to be considered in the present 
context as it does not come in the picture. 
Whether the moisture in the fuel is heated 
up to reduce the moisture content within 
the boiler or in a pre-combustion chamber 
does not make any difference to the steam 
generated via the evaporation of the mois-
ture. If any mill wants to document (for re-
cord purposes) the steam produced by the 
evaporation of the moisture, it is a simple 
calculation involving the only moisture 
content of the fuel before combustion, the 
enthalpy of evaporation at atmospheric 
pressure  and the mass of fuel burnt.  

So far no palm oil buyer, trader or non-
government organisation have criticised 

the palm oil industry for emitting too much 
steam to the atmosphere. That does not 
mean that we should not consider reduc-
ing this emission as we know very well it 
is a GHG. It can still fall under attempts to 
reduce GHG emission. At the moment,  the 
buyers are most likely not aware of the role 
of steam in the GHG equation.  If we can 
possibly improve the situation, we must try 
it before the buyers start using this as weap-
on to discredit palm oil. 

Leakage steam can be included as a con-
trollable GHG except for the steriliser blow 
off steam until a viable system is available 
to arrest the free escape of steam. If not in-
cluded, no one should try to rectify faults 
related to steam leakage.

Biomass composition can be based on 
the normally established proportion of FFB 
that is well-known to the industry. The mills 
need only to establish the values say once 
a year. All that is needed is the production 
rate per unit time, involving no expenses at 
all.  Mills are not expected to be 100% accu-
rate as there are bound to be un-burnt bio-
mass that will be discharged together with 
the clinker. Mills are only expected to docu-
ment   how the measurements were made.  
There are no expenses involved in this 
measurement. The empty fruit bunch is al-
ready weighed when it goes out of the mill. 
The shell can be easily measured knowing 
the production rate of the nuts. Many mills 
have inexpensive basculators that can give 
reasonably accurate measurement. Some 
mills even use load cells for this measure-
ment. Mesocarp fibre can be obtained by 
measuring the mass flow rate in unit time. 
It is not necessary to carry out this meas-
urement on a daily basis.  By documenting 
the biomass consumption per hour with ‘x’ 
number of presses in operation a base line 
data can be established and this can be ap-
plied for computing the daily consumption. 
The mills can adopt any system it prefers to 
establish a method of documenting the data 
on fuel usage. This data will also be useful 
for the mills when it considers grid con-
nected renewable energy (RE) power gen-
eration.



PALM OIL ENGINEERING BULLETIN NO. 107 31

Feature  Article

Boiler Maintenance  Check  List
Yeo Chai Seng*

Da = daily             Wk = weekly              Mt = monthly                      Yr = yearly 

Description Preparation Activities Maintenance frequency
Da Wk Mt Yr

Boiler use  and   
sequencing

- Isolate  water wedged boilers and
re-sequence other boilers

X - - -

Visual  inspec-
tion

Prepare check list for all 
visual inspections

Inspect all items and mark in the check 
list

X - - -

Lubricate all 
components

Prepare check list as 
recommended by the 
manufacturer

Ensure all components are  lubricated  
and marked in the list

- - - X

Check steam 
pressure

Keep an accurate master 
gauge  to be safely 
maintained by the 
manager

If too low, compare with the turbine 
gauge. If suspected faulty/check with 
master gauge. If okay sudden increase 
in steam demand could be the cause. 
Record all abnormal occurrences that 
are the likely causes

- - - X

Check unstable  
water level

Record past history like 
when two sterilisers are 
simultaneously loaded, 
water level heaves

Assign the possible cause and suggest 
a remedy in the log book like re-se-
quencing steriliser operation

- - - X

Test gauge  
glasses

List the correct method of 
testing and the frequency. 
Also record actions to be 
taken if water level is not 
visible 

Must be done in each shift. 
Test both for steam and water with 
drain open in each case. Ensure all 
valve handles are in vertical position, 
indicating the drain valve is shut with 
steam and water valves are in open 
position

- - - X

Designate Appropriate Staff for Inspection

* Sime Darby Plantations Sdn Bhd, Level 5, Main Block, 
Plantation Tower, No. 2, Jalan PJU 1A/7,  

 Ara Damansara, 47301 Petaling Jaya, Selangor, 
 Malaysia.
 E-mail: yeochaiseng@gmail.com
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Check blow 
down valves

List out checking proce-
dure and location of blow 
down valves

Perform blow down operation and 
inspect its effectiveness

- - - X

Boiler log books List the names and 
frequency of entries and 
suggested action  when 
readings deviates from the 
norm

1. Boiler pressure and temperature
2. Fuel type and approximate ratio
3. Feed water temperature, volume
4. Steam production rate
5. Furnace draft
6. Flue gas temperature

- - - X

Boiler water 
treatment

List the required safe range Check test results and propose correc-
tive actions to obtain  normal values

X - - -

Safety valves List the set pressures for 
boiler drum and super 
heaters

Ensure that the super heater pressure 
setting is lower  than that of steam 
drum

- - - X

Check water 
level control

- Stop feed water pump and ensure 
that water level do not drop below the 
recommended level

- X - -

Boiler house 
and  engine 
room

Steam and water pipes, 
mountings, valves, etc.

Carry out inspection to ensure that 
all the steam and water isolating and  
non-return valves do not pass includ-
ing safety and  relief valves.
Also ensure that the steam does not 
blow through  flange joints or pass 
through steam traps

- X - -

Combustion air 
flue gas

Combustion chamber, 
air and flue gas ducting,  
dampers, gauges, seals, etc.

Check for air ingress into ducting or 
chambers with negative pressure. 
Check also for air leaking out of 
chambers or ducting having positive 
pressure.
If the boiler furnace indicates a posi-
tive pressure and  fire is not seen to be 
blowing out then the vacuum gauge 
is faulty and it should be recalibrated. 
The vacuum should be MINUS 6 mm 
water gauge

-

-

X

X

-

-

-

-

Draft fans and 
motors

Fan blades and  gas temper-
ature. Higher temperature 
will increase gas volume 
needing  higher fan speed. 
Motor power is propor-
tional to the cube of the fan 
speed

Check dust collection as it will cause 
pitting and erosion. 
Check fan casing alignment.
Check fan bearing temperature.
Check flue gas temperature. Do not 
allow a rise in temperature

- - X -

Steam drum/ 
water drum

Internal inspection Check for grooving, pitting, cracks, 
corrosion and erosion

- - - X

Outside the 
steam drum

- Check for leakage and corrosion.
Ensure mountings are securely 
mounted

- - - X

Furnace Refractory, tubes Check refractory for defects.
Examine tubes for distortion.
Check super heater tubes  and sup-
ports for distortion  and wastage, 
excessive slagging  (due to poor fuel or 
combustion) that also can cause tube 
wastage

- - X -

Description Preparation Activities Maintenance frequency
Da Wk Mt Yr

Designate Appropriate Staff for Inspection (continued)
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ased on the carbon to carbon di-
oxide ratio of 5.53: 1 kg of  car-
bon dioxide, an attempt is made 

to co-relate carbon  to the actual raw fuel 
needed to produce 1 kg of carbon dioxide at 

Palm Oil Mill Carbon Dioxide Production Rate: 
Ready Reckoner, Chart and Equation

different proportions of mesocarp fibre and 
palm kernel shell. This to help  the millers 
to compute the good carbon dioxide which 
their mills are producing  using renewable 
energy.

N  Ravi Menon*

B
 C =    0.2923 A,     D = 5.53 - 0.29A,   B = (5.53 - 0.29A)/0.53,   E = A + B  

A and B give proportions. The same are given as percentages under A/E % and B/E % for easy reference.

A C D B E A/E B/E A/E + B/E Carbon CO2

(kg) (kg) (kg) (kg) (A+B) (%) (%) (%) (kg)  
1 0.2923 5.2377 10.28 10.57 2.77 97.23 100.00 5.53 1
2 0.5846 4.9454 9.70 10.29 5.68 94.32 100.00 5.53 1
3 0.8769 4.6531 9.13 10.01 8.76 91.24 100.00 5.53 1
4 1.1692 4.3608 8.56 9.73 12.02 87.98 100.00 5.53 1
5 1.4615 4.0685 7.98 9.45 15.47 84.53 100.00 5.53 1
6 1.7538 3.7762 7.41 9.16 19.14 80.86 100.00 5.53 1
7 2.0461 3.4839 6.84 8.88 23.03 76.97 100.00 5.53 1
8 2.3384 3.1916 6.26 8.60 27.19 72.81 100.00 5.53 1
9 2.6307 2.8993 5.69 8.32 31.62 68.38 100.00 5.53 1
10 2.9230 2.6070 5.12 8.04 36.36 63.64 100.00 5.53 1
11 3.2153 2.3147 4.54 7.76 41.45 58.55 100.00 5.53 1
12 3.5076 2.0224 3.97 7.48 46.92 53.08 100.00 5.53 1
13 3.7999 1.7301 3.40 7.19 52.81 47.19 100.00 5.53 1
14 4.0922 1.4378 2.82 6.91 59.19 40.81 100.00 5.53 1
15 4.3845 1.1455 2.25 6.63 66.11 33.89 100.00 5.53 1
16 4.6768 0.8532 1.67 6.35 73.64 26.36 100.00 5.53 1
17 4.9691 0.5609 1.10 6.07 81.87 18.13 100.00 5.53 1
18 5.2614 0.2686 0.53 5.79 90.89 9.11 100.00 5.53 1

18.5 5.4076 0.12245 0.24 5.65 95.75 4.25 100.00 5.53 1

* Malaysian Palm Oil Board, 6, Persiaran Institusi, 
Bandar Baru Bangi, 43000 Kajang, Selangor, Malaysia.

 E-mail: nravi@mpob.gov.my  
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Basis: 1 kg of dry mesocarp contains 
0.46396 kg of carbon and for shell 0.57909 kg 
of carbon. When converted to the raw mes-
ocarp and shell at 37% and 12% moisture 
respectively, becomes 1.5873 kg and 1.13636 
kg of the same carbon. The carbon per kg 
of the raw material will be (0.46396/1.5873) 
0.2923 kg and (0.57909/1.13636) 0.5096 kg, 
respectively.

The equation relating this to the required 
carbon can be written as:
0.2923 A + 0.5096 B = 5.53  (where, A and B 
are proportions of mesocarp fibre and palm 
kernel shell).  We may assign different val-
ues for A  and compute the corresponding 
values for B to satisfy the equation. For any 
value of A, the corresponding value of B      

                     5.53 - ( 0.29 x A)
              =  
                                0.53

A general formulae for carbon dioxide 
emission may be derived as follows:

0.2923 A kg  fibre + 0.5096 B kg shell = 5.53 kg 
carbon = 1 kg carbon dioxide.

where, A and B represent the proportion of 
fibre and shell in the fuel mixture.  The A/E 
and B/E give the same proportions in per-
centages. e.g. when A=16, B=1.67, i.e. 73.64% 
and 23.36%, respectively.

Fibre and shell proportions need for 
combustion to give constant CO2 emission 
in a palm oil mill boiler furnace. 
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Company: 

Address: 

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

2.  The artwork is attached/will be sent on                                                        for your further action.

3. Please find enclosed *crossed cheque No.:                                  for RM 
 (                                                                                      ) being payment for the advertisement fee.

4.  Thank you.

              
                 (Signature and Date)                                                                 (Company stamp)
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# * Made payable to ‘MALAYSIAN PALM OIL BOARD’.
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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 100/year.  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. Lim Weng Soon/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:                                        Fax: 

Please find enclosed a crossed cheque No.:                                         Bank:

for RM:                                    (Ringgit Malaysia)

drawn in favour of  MALAYSIAN PALM OIL BOARD

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

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

Signature:      

Name:  

Date:                                                                                                          Company stamp

ADVERTISEMENT

F

#

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

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

Address:   

Question/Comment:

Signed:                                                                                            Date:  

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

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

STAMP


