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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.



PALM OIL ENGINEERING BULLETIN NO. 107 13

Feature Article

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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