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he water footprints (WF) are 
beginning to make their impact 
at global level particularly in the 

developed nations. The recent study 
conducted by the Conservancy partner, 
Water Footprint Network (WFN)  reveals 
unexpected findings to ordinary people. 
The focus here is not the water usage 
by the industrial sector as what anyone 
would expect but the agricultural sector 
amounting to 92% of the global water 
usage that would easily dwarf the former. 
In Malaysia, where natural rubber was the 
main crop in the fifties, the WF was 13 748 
m3 t-1 but now it has been taken over by 
palm oil (refined) whose WF is only 4971 
m3 t-1.  The WFN also reports that one-
fifth of the WF are in the exported goods 
and in this context, our palm oil export 
would also help us to export its WF to 
the consumer nations especially as we do 
export significant quantity of our palm oil 
(more than 90%).

Based on the WF analysis carried out 
by the WFN, the poor nations which 
import a large quantity of agro products 
will end up generating more WF than 
the rich nations. The rich nations being 
the exporter of the goods can be in a 
comfortable WF zone with a good income 
from the exports.  The developed nations 
also can increase yield by the application 
of sufficient fertilisers for increasing yield 
which their counterparts in the poor 
countries will not be able to match even 
though the water consumption in both 
cases could have been the same. In such 
situations, the call to reduce the WF may 
suppress the yield resulting in the people 
ending up poorer than before. 

In tropical countries which faced 
frequent storms and heavy floods like 
Malaysia, the WF watch is only justified 
during the dry spells. Those months under 
heavy rain can be segregated out as WF-
free periods where such WF monitoring, 
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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.

their control and monitoring during wet 
months would defy logic. This period also 
could be assigned a negative value so that it 
can be reduced from the WF computed for 
other periods. This way the importers can 
have a realistic WF on the products imported.  

There are two methods adopted for 
WF computation, i.e. bottom-up and the 
top-down. The bottom-up approach is to 
consider the sum of all products consumed 
multiplied by their respective product WF.  In 
the top-down approach, the WF of national 
consumption is calculated as the total use 
of domestic water resources plus the gross 
virtual water import minus the gross virtual-
water export. These computation methods 
may not be able to do full justice to situations 
like flood or other calamities. 

 
In a nation, which survives mainly on 

one major crop, e.g. oil palm and more than 
50% of the palm oil is exported, its virtual-
water export can be easily computed. If 

the country’s major (more than 50%) agro-
based import is rice its virtual water import 
based on rice should be sufficient to assess 
its gross WF.  The other products grown 
but not exported need not be analysed or 
be controlled as they are essential products 
for local consumption and not meant for 
export.  Likewise the WF of imported goods 
which are essential products and are low in 
volume may be ignored.  Probably every 
nation can identify products that fall under 
high volume brackets and conduct analysis 
based on them instead of considering every 
single item.

Whatever confusion that could arise from 
any of the methods used for computing 
WF, the concept of preserving water is a 
useful practice and should be cultivated. 
Any attempt to forcefully reduce the WF 
of an agro-based economy may produce 
unfavourable and undesired results because 
no farmer will want to flood the field with 
river water  or control the downpour of 
torrential rain.
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1 OIL PALM 
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Bil. 8: Peperiksaan (Sabah) Ogos* *
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For enquiry or further information, please contact:

HRD & Conference Management Unit
Tel. No.  :   03-8769 4400 ext. 4865, 4860, 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.

Note: *To be confirmed.
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Palm Oil Mills and Oil Extraction Ratio

Jatinder Raj* and N Ravi Menon**

SYNOPSIS

his article that appeared in the Engi-
neering Bulletin No. 70 has summa-
rised the gist of the dilemma faced by 

palm oil millers from day one the modern 
palm oil mills made their debut in Malaysia 
or for that matter anywhere in the world. 
The refusal of some planters to accept the 
reality of where the mill oil is coming from, 
the national oil extraction rate (OER) will 
remain low. It is absolutely pointless to 
expect the fruit bunches to create more oil 
than what it contains. As far as oil synthe-
sis is concerned, the moment a bunch is 
harvested, it cannot produce any more oil. 
Despite the oil palm planters having this 
knowledge, they still continue to point 
their fingers at the mill and put the blame 
on them when the mill OER drops. If we 
are sincere in our efforts under the National 
Key Economic Area (NKEA) to increase our 
national OER, the focus has to shift from the 
mill to the estate.  This article is republished 

so that the industry can use the information 
to increase the national OER. The millers 
are kindly requested to convey the informa-
tion to all the contributing estates. 

INTRODUCTION

Palm oil mills do not make palm oil.  Oil is 
made in the field. Plantation management 
can maximise the oil content of the bunches 
by good agricultural practices.  Palm oil 
mills however, can reduce the oil losses to 
a minimum but not eliminate them entirely.

This article is intended to clear the mis-
conception that the palm oil mills are solely 
responsible for the OER.  Many plantation 
owners and investors surprisingly are led 
to believe the myth that efficiently operated 
mills are capable of extraction ratios far in 
excess of the actual oil content of the bunch 
itself. Can the  plantation management be 
so ignorant that they actually believe the 
mill is capable of synthesising oil from the 
biomass that they send to the mill.  It is un-
likely that they believe in it. Nevertheless, it 
is not unusual to hear comments like a cer-
tain mill operates efficiently (efficient man-
ager) compared to another mill (inefficient 
manager) coming from them. The basis is of 
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course the efficiently operated mill gives an 
OER of  21% and the inefficiently operated 
mill gives only 18% OER despite the glaring 
fact  that the former mill has 1.8% oil loss to  
fresh fruit bunch (FFB) compared to the less 
fortunate mill giving only 1.3%. Even the 
mill managers who later become controllers 
or directors think  alike as can be seen by 
the way they set OER targets for the mills 
under them. The figures seem to be plucked 
from the air rather than based on scientific 
principle.

FACTORS AFFECTING MILLING OER

This information will be very useful for the 
new planters who wish to understand the 
fundamentals involved in oil extraction.  
Let us analyse the various factors affect-
ing the mill OER which the planters must 
be aware of. The mill OER is very much re-
lated to the following factors and possibly 
other unknown factors.

Fruit type. i.e. dura, tenera, etc. Although 
DxP is the planting material predominantly 
planted in Malaysia, there are significant 
quality variations from one breeder to an-
other.  The percentage of dura contamina-
tion also vary from one plantation to an-
other and possibly from one field to another 
and these have significant impact on the 
mill OER.
 
Age of the palm. There are differing views 
on this. Palm age may or may not have a 
significant impact on the oil content of the 
fruit other than the inevitable loss of loose 
fruits in the field due to the scattering ef-
fect of the fruits to a wider area in the field 
resulting from the landing of usually very 
large bunches from the tall palms.

Pollination efficiency. This affects both 
OER and kernel extraction rate (KER). Un-
der pollinated bunches will give low fruit 
content in bunches. Heavy rainfall can re-
duce pollination efficiency as the weevils 
may take cover in heavy downpour and re-
duce their pollination activity.
 

Bunch ripeness.  It is a well acknowledged 
fact that ripe bunches have more oil content 
in them than the unripe ones. The oil con-
tent in the crop is proportional to the per-
cent of ripe bunches in them. The newly re-
cruited harvesters are sometimes unable to 
detect ripe bunches and during their initial 
job engagement tend to harvest unripe and 
under ripe bunches.

Loose fruit collection. The loose fruits in 
the field are generally expected to be in 
the region of 10% - 12% and well operated 
plantations may deliver about 8% but there 
are plantations which deliver as low as 2% 
loose fruits to the mills and such mills have 
to be content with low OER performance.

The trash content. The loose fruit consign-
ment delivered to the mills may sometimes 
contain as much as 10% trash and the ad-
ditional weight of the trash in the form of 
sand and stones will depress the mill OER 
significantly. No system of weight compen-
sation exists yet in any plantation company. 
Most plantations appear to be comfortable 
with the bonus offering of the extra weight 
added on their actual bunch weight.
   
Fertiliser application.  During lean peri-
ods of depressed palm oil pricing, the small 
plantation companies tend to cut fertiliser 
application by half like one application in-
stead of the two applications for the year. 
This lowers the mesocarp thickness of the 
fruit and the resulting consequence is low 
OER. 

Soil type where the palm is planted. This 
is related to the fertiliser available for the 
palm. In some soils the plant nutrition is 
already present in large quantities like vol-
canic soils in which case higher yield and 
good mesocarp development can be expect-
ed.

Intensity of rainfall in the field.  Palms 
thrive well if there is sufficient rainfall 
throughout the year. Very low rainfall can 
depress the OER a few months later. Hence, 
the impact on OER is significant.
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The mill management has absolutely no 
control over any of the above factors. The 
plantation management is fully aware of 
these factors, yet they seem to be closing 
their eyes on these. As most of the top man-
agement positions, like directors level, have 
been and still are exclusively reserved for 
the plantation personnel, perhaps this mis-
conception is a convenient tool to continue 
the culture. 

The OER of a fruit bunch depends on:
• all the above factors; and
• the mill oil extraction efficiency.

The oil extraction efficiency of a mill is 
determined by analysing the various oil 
losses during processing. The typical data 
of a well-operated mill are given in Table 1.  
The desired values are obviously the lowest 
in the range and it is impossible to achieve 
them as there are such performers in Ma-
laysia.

The oil loss due to spillage is measured 
by sampling the mill effluent leaving the 
mill to the effluent ponds. The difference 
between this value and the total oil losses in 
the mill is classified as spillage even though 
physically no such spillage need to occur 
in the mill. However, occasionally spillage 
may take place arising from leakage, tank 
overflows, cleaning of machines etc.

OIL LOSS COMPUTATION 
TECHNIQUES

The oil losses appearing in the mill process 
control records can be very confusing to 

planters, the owners of the company and 
anyone else other than the millers. These 
values are absolutely useless to them as 
they fail to convey any message to them. It 
can only serve the mill for implementing re-
medial actions in process control. The own-
er only wants to know the OER and the oil 
loss as a percent to the FFB processed. He is 
not interested in knowing the oil losses as a 
percent to dry matter as he cannot translate 
them into ringgit and sen.  The oil loss pre-
sented as a percent to dry matter can only 
serve to frighten the owner.

In this context,  it is interesting to note 
that some laboratory supervisors and to 
some extent even the mill managers do not 
seem to know how to convert oil losses ex-
pressed as percent of dry matter to percent  
of the FFB processed. In this computation, a 
number of assumptions are made and they 
can cause errors in the values obtained. The 
usual assumptions (not necessarily very ac-
curate) are the ratio of different components 
of the bunch as a percent by weight to the 
FFB processed  (Table 2).

METHOD TO DETERMINE OIL CON-
TENT OF FRESH FRUIT BUNCHES (FFB)

The most practical method of determining 
the oil content of FFB is to compute the mill 
OER and add to this all the known oil losses 
expressed as a percent of FFB. This is due to 
the very large variation of FFB received by 
the mill each day.  A statistically significant 
sample size required to extract oil in the 
laboratory is very large and as such is not 
practical. 

TABLE 1. SOURCES OF OIL LOOSES IN A PALM OIL MILL
(% to fresh fruit bunch)

Source of oil losses Desired values Typical range
Steriliser condensate
Empty fruit bunches
Press cake fibre
Nuts
Separator sludge
Spillage in the mill 

0.10
0.40
0.37
0.08
0.45
0.00

0.10-0.12
0.40-0.45
0.37-0.60
0.08-0.10
0.45-0.60

0.00

Total 1.40 1.40-1.87
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If the potential oil content of a bunch is 
25%, then why no palm oil mills are capable 
of achieving this ratio? This is due to the oil 
loss in the plantation and mill.

Oil Extraction in a Palm Oil Mill

At present,  palm oil is extracted from 
FFB by mechanical means. All liquids from 
the FFB bunch are squeezed out and the oil 
separated from the solids and other liquid 
matter. As the oil extraction process basi-
cally is a mechanical process, we can never 
achieve an extraction efficiency of 100% un-
like the solvent extraction process that can 
give almost 100% oil extraction.

Mills with oil losses at 1.3% and an ex-
traction ratio of 20% can get an extraction 
efficiency of about 94%.  Some studies have 
shown that the maximum possible extrac-
tion efficiency in a mill seldom exceeds 
92%. The OER in the mill depends to a large 
extent on the oil content in a FFB bunch and 
the oil loss in the mill. Mill management 

Figure 1. Oil loss and oil extraction rate of a mill.

has no control on the total oil content in a 
bunch, except control the oil loss.

Therefore the only way to measure the 
efficiency of a palm oil mill is by examin-
ing the oil loss in the mill, and not by the 
OER. This means that a mill with a lower 
OER is not necessarily more efficient than a 
mill with a higher OER. Figure 1 shows oil 
loss and OER of a mill.

In Figure 1, the variation of oil loss in the 
mill (red line) is not related to the OER (or-
ange line) but OER is very closely related to 
the total oil in FFB (blue line). The mill man-
ager is responsible for the oil loss in the mill 
and the plantation manager responsible for 
the OER and FFB. If the above statement is 
true, why  the  palm oil mill managers do 
not calculate the total oil loss to FFB? 

There are a few reasons and these could 
be:
• mill managers do not know how to 

calculate the total oil losses to FFB;

TABLE 2. APPROXIMATE RATIOS OF FRESH FRUIT BUNCH (FFB) COMPONENTS

Bunch components % to FFB Common
Steriliser condensate 10-15 10
Empty fruit bunch 21-23 23
Cyclone fibre 12-14 13
Nut 11-13 12
Oil 19-21 20

Oil loss
Oil extraction rate
Total oil in FFB

O
il 

to
 F

FB
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TABLE 3. MONTHLY OIL LOSSES AND OIL EXTRACTION RATE (OER) IN A MILL

Months Oil loss to FFB (a) OER % (b) Total oil to FFB  (a) + (b)
Jan 1.80 17.67 19.47
Feb 1.90 18.50 20.40
Mar 1.92 18.80 20.72
Apr 1.95 18.06 20.01
May 1.80 19.05 20.85
Jun 1.75 18.53 20.28
Jul 1.89 19.21 21.10

Aug 1.87 18.80 20.67
Sep 1.91 18.26 20.17
Oct 1.92 19.50 21.42
Nov 1.90 19.80 21.70
Dec 2.00 20.12 22.12

Note: FFB – fresh fruit bunch. 

• mill owners do not want to spend 
money for process control equipment 
required to measure mass flow that is 
required to calculate oil loss to FFB; 
and  mill managers do not have a clear 
understanding of palm oil processing 
and process control.

CONCLUSION

The authors would like to suggest to mill 
owners and senior plantation management 
to look at the real causes and responsibili-
ties of low oil extraction to enable them to 

focus on the correct issues to increase OER 
in the industry. Finger pointing at others 
does not produce the correct result.

The mill can only strive to bring down 
the oil loss to FFB shown under (a) in Table 
3 but the gain in OER will not be significant. 

Mill managers should strive to upgrade 
their knowledge on process control or suf-
fer the consequence of being blamed for 
things that they have no control of. Excel-
lent process control knowledge is available 
from many publications. 
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Network. 

T
INTRODUCTION

his article was extracted from 
a dialogue session between the 
public and Ruth  Mathews and 

Arjen Y Hoekstra that appeared in the 
Wikipedia and summarised to disseminate 
the important message it contains to the 
millers. The views expressed in this article 
are mainly from Ruth Mathews, Executive 
Director and Arjen Y Hoekstra, Scientific 
Director of Water Footprint Network 
(WFN). As the original report is very 
lengthy, thus only selected sections were 
extracted for this article. 

The millers may have to contribute 
what they can to implement some of the 
suggestions given in this article. All  of us 
are aware of the fact that many countries 
are facing water shortage but no one would 
have thought that Malaysia also would  
be one of them. People in Selangor  faced 

An Introduction to Water  Footprints for Millers**

N Ravi Menon*

the worst water shortage quite recently 
and that should not have happened in a 
country blessed with abundant rain water 
that recently  caused  the worst floods in 
the east coast,  making thousands of people 
homeless.

 The editor of this Bulletin together with 
other Code of Practice (CoP) auditors were  
also  caught in the midst of a highway that 
formed an island near Kuantan with all ex-
its cut off  by floods for nearly 10 hr.  For-
tunately there was a restaurant within the 
isolated island where we sought refuge.  All 
these incidents may point towards a possi-
ble  human negligence in the proper man-
agement of our natural resources. Nature 
can react with a violent fury at one time but 
can become calm and soothing at another  
time.  This article gives an insight into the 
many aspects of water usage and recom-
mends a sensible approach on how to man-
age water on a global level as it cannot be 
treated only on  a national level because of 
the international trade of products that give 
rise to migration of  water footprints (WF). 

 Palm oil millers may find this article 
useful as they also directly deal with the 
palm oil mill effluent discharge and pol-
lute the water courses which when not pol-
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luted are categorised as blue WF but mill-
ers can turn them into grey WF.  When the 
mills take in water from the river they are 
consuming blue WF but if they take in rain 
water they are consuming green WF. This 
article was compiled for those mill engi-
neers who have no time to read related ma-
terial in the website. The palm oil mill engi-
neers would have been hearing a lot about 
WF as this term appears to be increasingly 
getting into the limelight these days in an 
arena that was until recently dominated 
by the greenhouse gases (GHG) and the 
carbon footprints. WF are also expected to 
influence the marketability of palm oil as a 
factor while the plantation will be dealing 
with all the three – green, blue and grey WF.

THE CONCEPT OF WATER FOOT-
PRINTS

The WF concept was introduced in 2002 by 
Arjen Y Hoekstra from UNESCO-IHE as an 
alternative indicator of water use. The con-
cept was refined and accounting methods 
were established with a series of publica-
tions from two lead authors, A K Chapa-
gain and A Y Hoekstra from the UNESCO-
IHE Institute for Water Education, now at 
WWF-UK and University of Twente in the 
Netherlands respectively.  In this article, the 
Global WF Standard developed by the Wa-
ter Footprint Network was used. 

The WF for any nation is defined as the 
total amount of fresh water that it used to 
produce the goods and services consumed 
by the people of that nation. The WF of na-
tional consumption can be assessed in two 
ways.

• The bottom-up approach is to consider 
the sum of all products consumed multi-
plied by their respective product WF. 

• In the top-down approach, the WF of na-
tional consumption is calculated as the 
total use of domestic water resources 
plus the gross virtual water import mi-
nus the gross virtual water export. 

The table in the datasheet section is not a 
complete list to account for all the items we 
consume but the full list is available at the 
website. The definition appears to be rea-
sonable.  Since we export a large volume of 
palm products, our net WF as a nation will 
diminish to a great extent as only what we 
consume is debited to our WF account.  If a 
poor country has no exports coupled with 
low agricultural yield, its WF is bound to be 
excessively high. High yield through good 
fertiliser application and agricultural prac-
tices coupled with generous export appear 
to be a good formula for a well-regulated 
WF which unfortunately does not come 
within the ambit of many poor nations.  But 
if it does the WF also could rise to negate 
the gain. 

IMPACT ON PALM OIL MILLS

Fortunately, WF of palm oil at  4971 is rea-
sonable when compared to soyabean  at 
4190, and  groundnut oil, sunflower oil and 
rapeseed oil  at 7529, 6792 and 4301 respec-
tively  among some of the  edible oils.  Palm 
oil will not be standing alone if there is a 
battle to fight against any attempt to dis-
qualify it under the WF issue if any. As the 
plantation industry in the near future will 
be required to spend a lot of their energy 
and time on reducing their WF, this article 
would be of help for the millers to contrib-
ute their share of reducing the WF so that 
eventually wastage of water can be reduced 
from what it is today although it may not 
have much impact on the WF of palm oil 
as a whole. Remember water, air and GHG 
share global concerns.

Many of us may think that by control-
ling the water used for taking a shower, 
watering the lawn or washing the cars will 
reduce WF of a nation while millers with 
their massive floor washing exercise on 
non-processing days would think of curtail-
ing that activity to reduce their mill’s WF. 
The answer is none of these activities would 
produce any significant solution for cutting 
down the WF of palm oil.  The action front 
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is not the palm oil mill but the plantation 
that supports the palms.  But as most of our 
palm oil is exported, our national WF will 
remain low.  The mill may contribute to less 
than 10% of the water consumed compared 
to what the estate is contributing.  The es-
tate and mill consumptions are mainly from 
the groundwater that falls under blue WF.

WF COMPUTATION METHOD

Now let us see what the WFN found out 
in their elaborate study on 250 prominent 
rivers of the world and about close to three 
million people associated with these rivers. 
According to the report, researchers used 
plots (first assessment) measuring 10 km by 
10 km and (second assessment) used 1.5 m x 
1.5 m and the nature of water consumption 
from the groundwater, surface water and 
rainfall from these plots were recorded. The 
documentation of WF helped the research-
ers to allocate the water usage for different 
types of crops, human consumption, use by 
the industrial sector, water subjected to pol-
lution, water wasted etc.  The unexpected 
results were an eye opener to them.  Even 
though the WF of an agro-based product 
was observed to be very high in a particular 
plot, its export results in its  non-consump-
tion  by the local residents, could result in 
a  welcome  reduction of its WF in that plot 
of land.  Many poor countries are reported 
to have higher WF than the developed na-
tions as the latter export their products 
along with the WF to the poor nations who 
now end up with high imported WF.  If WF 
is used as a marketing tool or as a limiting 
factor for market access poor nations may 
end up with an additional burden. 

WF PER CAPITA

According to the report published by the 
WFN based on the bottom-up approach, 
the global average WF is found to be 1385 
m3  yr-1  capita in the period 1996 - 2005 (se-
ries of articles published by Mekonnen and 
Hoekstra, 2011). There are large differences 
between countries. In the USA, the average 

WF is 2842 m3 yr-1 capita whereas in China 
the average WF is 1071 m3 yr-1 capita. Crop 
yield is closely related to WF, but the ad-
ditional water and fertiliser usage will also 
raise the WF giving no big advantage in 
terms of WF. 

It is the duty of all nations to ensure that 
the WF of every product which the coun-
try produces is sustainable.  According 
to the report, it can be done by a planned 
schedule drawn by the government of na-
tions that can spell out the allowable reduc-
tion of it’s WF in every x-year cycle. This 
should only be applicable on the products 
made in a country and not the average WF 
consumption of that nation derived from 
the bottom-up approach or top-down ap-
proach as these approaches have to import 
elements the control of which is beyond the 
jurisdiction of the importing nations.

CASE STUDY ON COCA-COLA

The coca-cola who believed that their WF 
was very low at about 2% was surprised to 
know that more than 70%  of their WF was 
in the agricultural ingredients like sweet-
eners used to make their beverages.  They 
realised that it wasn’t enough to look only 
at their own operations. They also needed 
to look at their input and the WF of those 
input. 

According to Ruth by seeing a snapshot 
of their true water use all along the supply 
chain, they saw how they were linked to 
watersheds around the world through their 
product. It really opens up the perspectives 
of companies to understand their relation-
ship to river basins, water use and sustain-
ability around the world. 

WF CAN HELP NATIONAL DECISIONS

Ruth says that by studying the WF, it  can 
be used to help governments to make deci-
sions by identifying the most suitable crop 
that can produce most efficiently – the high-
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est yield  with minimum water usage.  Ruth 
proposed two solutions:

(i)   If a country wants to preserve its water 
resources, it can import water-intensive 
crops instead of growing them in the 
country, in effect putting the water bur-
den outside or;  

(ii)  If a country wants to be water inde-
pendent, this report can help highlight 
how limited water resources can best be 
allocated. Ruth believes that the WF of 
nations report can be used by both in-
dividuals and companies.  It is particu-
larly valuable to a conservation organi-
sation like the Nature Conservancy and 
its members, because it offers a more 
informed understanding of the link be-
tween individuals and the health of riv-
er basins around the world.

WF OF NATIONS AND HUMANITY

The WF of consumption in a country de-
pends on two factors: what and how much 
do consumers consume and what the WF of 
the products consumed. The latter depends 
on the production circumstances in the 
places of origin of the various commodities. 
Some poor countries have very high WF for 
national consumption combined with low 
agricultural yields and high WF per unit of 
harvested crop for some developing coun-
tries. 

Both  Ruth   and  Arjen  gave their views 
on the importance of WF of nations in or-
der to assess their  WF usage so that they 
can bring about effective controls among 
themselves or through intergovernmental 
discussions for imported goods. 

Arjen pointed out that although the WF 
of a nation might be lower the consump-
tion of imported goods that can contribute 
towards an increased WF from the food 
and the goods the nation imports. It might 
be imported from a high WF nation expe-

riencing poor yield coupled with excessive 
pollution or water shortage due to drying 
rivers. The whole supply chain have to be 
scrutinised to find out a solution to reduce 
the WF.

Arjen  and  Mesfin M  Mekonnen also 
conducted a desktop study on the WF of 
many nations  (termed WF of humanity) 
and segregated and quantified the volume 
of rain water (green WF),  ground water 
(blue WF) and polluted water (grey WF).  
The WF of nations took into account 
the approximate WF involved in the 
agricultural production as well as the 
consumption of the people of the nations in 
this study conducted in 2011 by Arjen and 
Mesfin M  Mekonnen. The WF of nations 
are given in Table 1.  

If all the palm oil mills in Malaysia have 
zero effluent discharge, the grey WF of 
Malaysia can be brought down by 52 800 m3 
and the virtual WF of our exported palm oil 
would diminish to some measure.

THE VIRTUAL WF

The virtual WF of 18 of the largest exporters 
are given in Table 2. United States lead with 
314 g3 yr-1 with Germany the lowest at 64 g3 

yr-1. WF export also indicates export of agri-
cultural and industrial products.

The results of the study are given in Ta-
bles 2 and 3. The WF of humanity in the 
period 1996 - 2005 are given in Table 3. The 
data are shown in millimetre per year on a 
1.5 m x 1.5 m grid. 

In all countries, the WP related to 
agricultural production takes the largest 
share in the total WF within the country. 
China and the United States have the largest 
WF in their territory related to industrial 
production; 22% of the global WF related 
to industrial production lies in China and 
18% in the United States. Belgium is the 
country in which industrial production 
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TABLE 1.  WATER FOOTPRINTS (WF)  OF NATIONS

WF for 1996-2005 Total
(g3) % Green

(%)
Blue
(%)

Grey
(%)

Agriculture
(%)

Global annual average

Production for export

Total virtual (trade)

Global average

USA consumption

China consumption

India consumption

Cereals

Meat

Milk products

9 087 

1 817 

2 320 

1 385 

2 842 

1 071 

1 089 

2 453 

2 000 

 636

 100

20

26

15

31 

12

12

27 
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74

-
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-

-

-

-

-

-

-

11

-

13

-

-

-

-

-

-

-

15

-

19

-

-

-

-

-

-

-

92

-

-

-

-

-

-

-

-

-

TABLE 2. THE MAIN VIRTUAL WATER EXPORTERS AND IMPORTERS

Largest exporters g3 yr-1 Largest importers g3 yr-1

United  States 314 United States 234
China 143 Japan 127
India 125 Germany 125
Brazil 112 China 121
Argentina 98 Italy 101
Canada 91 Mexico 92
Australia 89 France 78
Indonesia 72 United Kingdom 77
France 65 Netherlands 71
Germany 64

TABLE 3. THE COUNTRIES WITH THE LARGEST TOTAL
WATER FOOTPRINTS (WF)

Largest  WFP 
nations

WF within
Territory 
(g3 yr-1)

Blue and Grey Nations Water footprints

China
India

1 207
1 182

Largest  blue 
WFP India 243 g3 yr-1 (24% of global blue)

Wheat 33%, rice 24%, sugar-cane 16%

United States
Brazil

1 053
482

Largest grey 
WFP China 360 g3 yr-1 (26% of global grey)
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takes the largest share in the total WF 
in the country. The WF of industries in 
Belgium contributes 41% to the total WF 
in the country; agricultural production still 
contributes 53% here. 

According to the WFN only about  80% 
of the total WF is available for domestic use 
(Table 4). The rest are exported.

Gross international virtual water flows 
(109 m3 yr-1) (1996–2005) is given in Table 5.

As a global average, the blue and grey 
shares in the total WF of internationally 
traded products are slightly larger than in 
the case of domestically consumed prod-
ucts, meaning that export goods are more 
strongly related to water consumption from 

and pollution of surface and groundwater 
than non-export goods. The green compo-
nent in the total WF of internationally trad-
ed products is 68%, whereas it is 74% for 
total global production. The international 
virtual water flows are given in Table 6.

The WF of the national consumption is 
given in Table 7. Agriculture takes most of 
the WF.

The largest global consumers are China, 
India and the United States. Their share are 
given in Table 8.

The national consumption being not 
a benchmark for realistic assessment of a 
nation’s WF was computed on per capita 
basis, as presented for high WF nations in 
Table 9.    

TABLE 4. GLOBAL EXPORT OF WATER FOOTPRINT (WF) (1996 - 2005)

 g3 yr-1 %
Total WF of all the three sectors 9 087 100
Export of total WF for production of good for export 1 762 19.40 
Export of agricultural products 334.78 (19%) -
Export of industrial products 722.42 (41%) -
Global domestic WF 7 325 80.60

TABLE 5. INTERNATIONAL VIRTUAL WATER FLOWS

Sectors  (1996 - 2005 sensus) Quantity
Global sum of international virtual water flows 
related to trade, agricultural and industrial products 

2 320  g3 yr-1

(68% green, 135% blue, 19% grey)

Virtual water flows related to international trade in 
crops and  derived crop products

76%

Virtual water flows related to trade in animal 
products 

12%

Virtual water flows related to trade in industrial 
products

12%

Global virtual water flows related to domestically 
produced merchandise

1 762  g3 yr-1 (19% of total)

Feature Article
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TABLE 6. WATER FOOTPRINT (WF) RELATED TO TRADE AGRICULTURE AND 
INDUSTRIAL PRODUCT 

International virtual water flows related to trade %

International virtual water flows relate to trade in oil 
crops (including cotton, soyabean, oil palm, sunflower, 
rapeseed, and others) and derived products (half of this 
is cotton products)                                                                            

43.0

Trade in soyabean product    22.0
Cereals 17.0
Industrial products 12.2
Coffee, tea, and cocoa 7.9
Beef/cattle products 6.7

TABLE 7. THE WATER FOOTPRINT (WF) OF GLOBAL CONSUMPTION IN 
THE THREE SECTORS 

Global consumption over the period 1996 - 2005 m3 yr-1

Global annual average WF related to consumption 1 385

Consumption of agricultural products  at 91.5% 1 267

Consumption of industrial products at 4.7% 65

Consumption of  domestic water use at 3.8% 53

TABLE 8. THE LARGEST GLOBAL CONSUMERS

Countries  g3 yr-1

China 1 368
India 1 145
United States 821

TABLE 9. WATER FOOTPRINT (WF) BASED ON PER CAPITA 
OF SOME NATIONS

WF based on per capita of some nations  g3 yr-1

United Kingdom (low due to low WF for beaf at 9 900 m3yr1) 1 258
United States (high due the high WF of bovine meat at 14 500 m3y-1) 2 842

Developing nations
Democratic Republic of Congo 552
Bolivia 3 468
Niger 3 519
Mongolia 3 775

Feature Article
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WF for low WF nations with a popula-
tion exceeding 5 million consumption is 
shown in Table 10, that gives a realistic view 
of the WF. The global average blue WF of 
consumption is 153 m3 yr-1  per capita, which 
is 11% of the total WF. The variation in blue 
WF per capita across countries is huge, 
much larger than the variation in total WF 
per capita whereas the largest total WF per 
capita (Mongolia) is about seven times the 
smallest total WF per capita (Democratic 
Republic Congo), the difference in the case 
of the blue WF is more than a factor hun-
dred. 

EXTERNAL WATER DEPENDENCY OF 
COUNTRIES

All external WF of nations together consti-
tute 22% of the total global WF. The share of 
external WF, however, varies from country 
to country. Some European countries, such 
as Italy, Germany, the United Kingdom, 
and  the Netherlands have external WF con-
tributing 60% - 95% to the total WF. On the 
other hand, some countries, such as Chad, 
Ethiopia, India, Niger, Democratic Republic 
of Congo, Mali, Argentina, and Sudan have 
very small external WF, smaller than 4% of 
the total footprint.  The water scarce coun-
tries and their external dependency rate are 
given in Table 11.

Notes by the Authors

In the estimation of the WF of consumer 
products, we considered a huge amount of 
different agricultural commodities sepa-
rately, whereas industrial commodities were 
treated as one whole category.  Although in 
this way, the study shows no detail within 
the estimation of the WF of production and 
consumption of industrial products, we jus-
tify the choice in this global study based on 
the fact that most of the WF of humanity is 
within the agricultural sector. 

The data presented in this article  are de-
rived on the basis of a great number of un-
derlying statistics, maps, and assumptions.  
Due to  all basic sources include uncertain-
ties and possible errors, the presented WF 
data should be taken and interpreted with 
extreme caution, particularly when zoom-
ing in on specific locations on a map or 
when focusing on specific products. Basic 
sources of uncertainties are, for example, 
the global precipitation, temperature, crop, 
and irrigation maps that we have used and 
the yield, production, consumption, trade, 
and wastewater treatment statistics on 
which we relied. Underlying assumptions 
refer, for example, to planting and harvest-
ing dates per crop per region and feed com-
position per farm animal type per country 
and production system.

 

TABLE 10.  WATER FOOTPRINT (WF) OF NATIONAL CONSUMPTION: POPULATION 
LARGER THAN 5 MILLION

WF based on per capita 
of some nations

m3 yr-1

Turkmenistan 740
Iran 589
United Arab Emirates 571
Egypt 527
Libya 511
Tajikistan 474
Saudi Arabia 447
Pakistan 422
Global average 153

Feature Article

See page 33
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TABLE 11. WATER SCARCE COUNTRIES AND EXTERNAL
WATER FOOTPRINT (WF)

External dependency (%)
Malta 92
Kuwait 90
Jordan 86
Israel 82
United  Arab Emirates 76
Yemen 76
Mauritius 74
Lebanon 73
Cyprus 71

Another assumption has been that WF of 
industrial production and domestic water 
supply are geographically spread accord-
ing to population densities. The reporting 
about uncertainties in the basic datasets 
that we had to rely on is very poor, particu-
larly if we want to get a quantitative picture 
of the uncertainties. The basic datasets we 
have used together with our own assump-
tions do not give rise to the expectation that 
our data include a specific bias in some di-
rection.  Our estimates of global crop water 
consumption are in the middle of the range 
that one gets if considering different stud-
ies for consumption and international trade 
data, there are no alternative global data-
bases than the ones we used.  These data-
bases do not yet include uncertainly infor-
mation.  Despite the uncertainties, we think 
that the current study forms a good basis 
for rough comparisons and to guide further 
analysis. 

CONCLUSION

The study provides important information 
on the WF of nations, disaggregated into 
the type of WF (green, blue, or grey) and 
mapped at a high spatial resolution.  This 
article shows how different products and 
national communities contribute to wa-
ter consumption and pollution in different 

places.  The figures can thus form an im-
portant basis for further assessment of how 
products and consumers contribute to the 
global problem of increasing freshwater 
appropriation against the background of 
limited supplies and to local problems of 
overexploitation and deterioration of fresh-
water bodies or conflict over water. Once 
one starts overlaying localised WF of prod-
ucts or consumers with maps that show en-
vironmental or social water conflict, a link 
has been established between final products 
and consumers on the one hand and local 
water problems on the other hand. Estab-
lishing such links can help the dialogue 
between consumers, producers, intermedi-
ates (like food processors and retailers), and 
governments about how to take and share 
responsibilities to reduce the WF where 
most necessary. 

HISTORY

The WFN is an international learning 
community (non-profit foundation under 
Dutch law) that serves as a platform for 
connecting communities interested in 
sustainability, equitability and efficiency of 
water use. The organisation has two work 
programmes: a technical work programme 
and a policy work programme. In addition, 
there is a Partner Forum which offer 
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Complete and Powerful Solutions for Palm Oil Industry

SINGAPORE 
Sumitomo (SHI) Cyclo Drive Asia Paci�c Pte. Ltd.
(Asia Paci�c Headquarters) 
15 Kwong Min Road, Singapore 628718 
Tel:       +65 6591 7800
Fax:      +65 6863 4238
Email: inquiry@sumitomodrive.com.sg

THAILAND 
SM-Cyclo (Thailand) Co. Ltd.
195 Empire Tower Unit 2103-4
21th Floor South Sathorn Road
Yannawa, Bangkok 10120, Thailand
Tel:       (66) 2670 0998
Fax:      (66) 2670 0999
Email: inquiry@sumitomodrive.com.sg

BELGIUM 
(World Headquarter)
Hansen Industrial 
Transmissions NV 
Leonardo da Vincilaan 1
2650 Edegem - Antwerp
Belgium

W H Y  H A N S E N  I N D U S T R I A L  G E A R B O X E S ?

Gear drives matched to the application 
For proven reliability under the most severe conditions

Superior design
For maximum sti�ness of all components under load

Carburised and ground gearing
For strength, torque capacity, surface durability and low noise

Continuous oil circulation through bearings
For long trouble-free working life

Unique Oil-LockTM system 
For maintenance-free sealing

Drywell on vertical down shafts 
For prevention of oil leakage

Re�ned internal housing 
For simple and complete oil drainage

Inspection cover above the oil level 
For easy inspection and service on the spot
 

Optimal micro-gear geometry,  no tip-to-root interference
For smooth gear meshing, reduced friction losses and low noise

In-depth engineering support and complete documentation
For one-stop-shopping 

Local stocks & service capability 
For reduced downtimes

(a subsidiary of Sumitomo Heavy Industries, Ltd.)

www.sumitomodrive.com 

MALAYSIA   
SM-Cyclo (Malaysia) Sdh. Bhd
Kuala Lumpur (Head o�ce)
No.7C, Jalan Anggerik Mokara 31/56
Kota Kemuning, Seksyen 31
40460 Shah Alam, Selangor, Malaysia
Tel:       03-5121 0455
Fax:      03-5121 0578
E-mail:  smmasupport@smma.shi.co.jp

Sabah & Sarawak
1st Floor, MDLD 7151, 
Bandar Sri Perdana Phase 3, 
91100 Lahad Datu, Sabah
Hp: 019-380 2909
Hp: 019-335 0455

Penang
No. 2945, 1st Floor Jalan Prai, Taman 
Inderawasih 13600  Prai, Penang 
Hp: 019-470 3737
Hp: 019-650 2909

Johor
24-02, Jalan Ros Merah 2/17
Taman Johor Jaya 81100 JB Johor
HP:      019-238 6101

INDONESIA
PT SM-Cyclo Indonesia
Factory & Warehouse
Jalan Sungkai Blok F 25 No. 09K, Delta Silicon 5, 
Lippo Cikarang Bekasi 17530
Ph:  +62-21-2961 2100
Fax: +62-21-2961 2211
Email: inquiry@sumitomodrive.com.sg
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partners of the WFN a way of receiving, 
contributing and exchanging knowledge 
and experience on WF.  

The blue WF is the volume of freshwa-
ter that evaporated from the global blue 
water resources (surface water and ground 
water) to produce the goods and services 
consumed by the individual or commu-
nity. The green WF is the volume of water 
evaporated from the global green water 
resources (rainwater stored in the soil as 
soil moisture). The grey WF is the volume 
of polluted water that associates with the 
production of all goods and services for the 
individual or community. The latter can be 
estimated as the volume of water that is re-
quired to dilute pollutants to such an extent 
that the quality of the water remains at or 
above agreed water quality standards.

Being sustainable means using blue 
water wisely and not making grey water.  
Humans have polluted much water. Some 
rivers have so much rubbish in places that 
boats are pushing its way through the rub-
bish, for example, the Lake Karachay in 
Russia. It was the dumping site for radioac-
tive waste, the water under the rubbish has 
chemicals from factories and toilets.

International Standard

In February 2011, the WFN, in a global 
collaborative effort of environmental or-
ganisations, companies, research institu-
tions and the United Nation, launched the 
Global WF Standard. ISO is working on a 
procedural standard on how to incorporate 
WF in a product life cycle analysis. This ISO 
standard will be linked to the Global WF 
Standard, which can be applied for differ-
ent sorts of WF assessment: for products, 
companies, countries or river basins.

Life Cycle Analysis (LCA) of Water Use

LCA  is a systematic, phased approach 
to assess the environmental aspects and 
potential impacts that are associated with a 

product, process or service.  Life cycle refers 
to the major activities in the course of the 
product’s life-span from its manufacture, 
use, and maintenance, to its final disposal, 
including the raw material acquisition re-
quired to manufacture the product. Thus, 
a method for assessing the environmental 
impacts of freshwater consumption was de-
veloped. It specifically looks at the damage 
to three areas of protection: human health, 
ecosystem quality, and resources. The con-
sideration of water consumption is crucial 
where water-intensive products (for exam-
ple agricultural goods) are concerned and 
need therefore to undergo a LCA. In addi-
tion, regional assessments are equally nec-
essary as the impact of water use depends 
on its location. In short, LCA is important 
as it identifies the impact of water use in 
certain products, consumers, companies, 
nations, etc, which can help reduce the 
amount of water used.

Water Footprint of Products

The WF of a product is the total volume 
of freshwater used to produce the product, 
summed over the various steps of the pro-
duction chain. The WF of a product refers 
not only to the total volume of water used; 
it also refers to where and when the water is 
used. The WFN maintains a global database 
on the water footprint of products: Water-
Stat.

An individual’s daily diet of fruits, veg-
etables and grains requires more than 1500 
litres (396.3 US gal) of water, as compared 
to 3400 litres (898.2 US gal) needed for a 
daily diet rich in animal protein.   Research 
by the Cranfield University calculated the 
amount of water required to produce vari-
ous common foods in the United Kingdom 
are given in Table 12.

Water Footprint of Individual Consumers

The WF of an individual refers to 
the sum of his or her direct and indirect 
freshwater use. The direct water use is the 

Feature Article
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water used at home, while the indirect 
water use relates to the total volume of 
freshwater that is used to produce the 

TABLE 12. THE HOUSEHOLD WATER USAGE OF COMMON ITEMS IN THE 
UNITED KINGDOM 

Product Litres US gallons
1 cup of tea 32.4 8.6
1 imperial pint of beer 160 42.3
1 glass of wine 120 31.7
1 glass of milk 200 52.8
1 kg (2.2 lb) of beef 15 000 3 963
1 kg  (2.2 lb) of poultry 6 000 11 585.1
250 g (8.8 oz) packet of M&M’s 1 153 1 304.6
575 g (20.3 oz) jar of Dolmio pasta sauce 202 153.4

TABLE 13. THE AVERAGE WATER FOOTPRINTS (WF) OF SELECTED NATIONS

Average WF for global and some nations Per person/year (m3)

Average resident (global) 1 385  
Average resident in the United States 2 842 
Average resident in China 1 071 
Average resident in India 1 089 
Average resident in United Kingdom 1 695 

goods and services consumed. The average 
WF of  the individuals in some countries 
are given in Table 13.

Feature Article
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Ad
T Energy Industries Sdn Bhd

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 
with a capacity above 350 MW. BioGasclean 
has more than 90 references in SE Asia and 
over 50 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 remov-
al process.

BioGasclean has compared to other gas clean-
ing 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!

BioGasclean Asia Co., Ltd.
2/22 Iyara Tower 7th Floor
Chan Road, Soi 2, Kwaeng Thungwatdorn
Khet Sathorn, Bangkok,10120, Thailand
Tel. (+66) (0)2-286-1157
www.biogasclean.com
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Perkin Elmer Sdn Bhd

See what advanced solutions can do for you. At PerkinElmer, we think about the needs of 
your lab today and tomorrow. Optimize your laboratory’s potential. Let us show you how.

 

INNOVATIVE SOLUTIONS FOR YOUR LABORATORY

PinAAcle™ 900
AASpectrophotometer

Optima™ 8x00 Series ICP-OESNexION® 300 ICP-MSAAnalyst™ 200

AxION® 2 TOF MS
with AxION DSA System

Flexar™ SQ300MS Clarus®  SQ8 GC/MS TurboMatrix™  Headspace &
Thermal Desorption 

®

0008 AMD0006 ATS0058 CSDO/SNHC II seireS 0042

Spotlight™ 400 FTIR 
Imaging System 

LAMBDA™ 1050 UV/Vis/NIR
Spectrophotometer

Frontier™ FTMIR / NIR
Spectrophotometer

Spectrum Two™

FTIR Spectrometer

  

Atomic Absorption
ICP Optical Emission
ICP Mass Spectrometry
Sample Digestion

Gas Chromatography
GC Mass Spectrometry
Liquid Chromatography
Headspace and Thermal Desorption

DSC
TGA
DMA/TMA
Simultaneous TGA/DTA
CHNS/O and N2 Analyzers

High-speed FT-IR Imaging
FT-IR, FT-NIP & FT-FIR
Spectroscopy
Raman Spectroscopy
UV / VIS and UV / Vis / NIR
Spectrophotometers
Fluorescence Spectroscopy  

Atomic Spectroscopy

Chromatography

Molecular Spectroscopy

Thermal and Elemental Analysis

Perkin Elmer Sdn. Bhd. ( Instruments & Life Sciences )
#2.01 Level 2, Wisma Academy, Lot 4A, Jalan 19/1, 46300 Petaling Jaya, 
Selangor, Malaysia.Tel : 03-79491118  Fax : 03-79491119  

Visit us at www.perkinelmer.com
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Titbits

his dish using palm oil can be a 
very useful to a man  who is  mar-
ried but wife is away visiting her 

parents or on a study course. You still need 
to eat but the nearest restaurants are kilo-
metres away and you are not in a mood 
to go that far because you are tired after a 
hard day work. Of course you have Mrs 
Maggie’s Mee in your rack, the emergency 
heavenly food but consuming it three days 
at a stretch may be boring.  You had also 
been reading about the harmful effects of 
fast food and when you consume the hot 
and spicy Maggie noodles you feel you may 

Cooking with Palm Oil

TABLE 1.

No. Ingredients (1 kg fish) Qty No. Ingredients (1 kg fish) Qty

1 Senangin/tenggiri/ 
bawal 2 cm slices  
marinate 10 min

500 g 8 Tamarind juice  or  1 lemon juice 3 cm diameter

2 Pepper 10 ml 9 Fish curry powder 60 ml

3 Salt 10 ml 10 Chilli powder 15 ml

4 Palm oil 90 ml 11 Milk (fresh milk/coconut milk) 250 ml

4 Onion cut 1 big Saute (important operation)

5 Garlic - cut into slices 4 cloves 12 Mustard seeds 30 ml

6 Ginger (mature) slice 2 cm 13 Curry leaves few

7 Green chilli-cut small 
pieces

4 cm 14 Shallot (bawang kecil) cut into 
thin circular sections

6

get cancer.  How to come out of this as you 
do not have the basic skills in cooking and 
still want to have a nice and healthy meal.  
There is a solution.  Here we go!

 
Being in this industry, we also know how 

good palm oil is as a cooking oil. It does not 
turn rancid, so that the taste is always good 
even after refrigeration.

Let us make an easy fish curry that you 
can keep in the fridge for a few days with-
out loosing its original charisma. The ingre-
dients are given in the Table 1.

T
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Titbits

1. Marinate the fish with pepper and salt 
and set aside for at least 10 min.

2. Grind the (1) ginger, (2) green chilli in a 
blender followed by, (3) tamarind juice, 
(4) curry powder and (5) chilli pow-
der.  In a saucepan pour, 4 tbs (60 ml) 
of  palm oil and  after heating add the 
sliced onion and  green chilli.

3. When the onion become transparent, 
add the ground paste  and top it up with  
enough water to make the total content 
about 1 litre. Let the ingredients simmer 
for about  10 min uncovered under a 
medium flame. Promote evaporation to 
thicken the gravy.

4. Now slowly add the marinated fish and 
cook covered for about 5 min under low 
flame. Do not stir violently as it may 
mess up the fish!

5. When the fish has cooked slowly add 
the milk (also can use non-sweetened  

evaporated milk) and simmer for anoth-
er 5 min  under low flame. If the colour 
is whitish add more curry powder to 
get a reddish brown colour when ready. 
Stop cooking and remove the saucepan.

6. IMPORTANT STEP TO GET THE 
MOST OUT OF THE PALM OIL.  In a 
wok, heat the remaining 2 tbs (30 ml) of  
palm oil and saute the mustard seeds,  
curry leaves and the sliced shallot in a  
low flame. Must be very careful to avoid 
burning the shallot slices, which must 
also be cut in circles so that the circles 
can separate. When they become almost 
dark brown, quickly add some of the 
fish gravy into it  and cut off the flame.  
Now transfer the sauted gravy into the 
sauce pan. 

7. QUALITY CHECK. If the aroma has 
travelled 20 m away you may have the 
right to call it a signature dish.
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Ad 
HSS Industrial Products Sdn Bhd

HSS INDUSTRIAL PRODUCTS SDN. BHD.
Address  |  Lot 64, Batu 4 ½ Jalan Bukit Pasir, 84300 Muar,
       Johor Darul Takzim, Malaysia. 
Tel      +606 953 2553 (HL)  |     Fax     +606 953 1378
Email    inquiry@hssip.com  |     Website  www.hssip.com

For more information, please contact :
Mr S.S Hon     +6012 631 3662

Ms K.L Hon    +6017 653 9991

NO AUGER
NO WATER
Sterilization Cycle < 100 Mins

SELF-DISCHARGE
VERTICAL STERILIZER

Turning Point of Palm Oil Mill Industry
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Datasheet

Crop
code

Product Water footprints  (m3 t-1)
Green Blue Grey Total

15 Wheat 1 277 342 207 1 827
Wheat flour 1 292 347 210 1 849

27 Rice/paddy 1 146 341 187 1 673
Rice husked 1 488 443 242 2 172
Rice flour 1 800 535 293 2 497

44 Barley 1 213   79 131 1 423
Malt not roasted 1 662 108 180 1 950
Beer made from malt  254   16   27   298

56 Maize (corn)  947   81 194 1 222
Maize flour  971   83 199 1 253
Maize starch 1 295 111 265 1 671
Maize oil 1 996 171 409 2 575

75 Oats 1 479 181 128 1 788
Oats rolled or flaked 1 998 245 173 2 416

116 Potatoes   191   33   63   287
Tapioca of potatoes   955 165 317 1 436
Potato starch 1 005 173 333 1 512

122 Sweet potatoes   324 5   53   383
125 Cassava (ubi kayu)   550 0   13 564

Tapioca of cassava 2 750 0   66 2 818
137 Yams   341 0    1   343
156 Sugar-cane  139   57   13   210

Refined sugar 1 184 487 111 1 782
176 Beans dry 3 945 125 983 5 053
181 Broad beans 1 317 205 496 2 018
187 Peas 1 453   33 493 1 979
191 Chick peas 2 972 224 981 4 177
201 Lentils 4 324 489 1 060 5 874
236 Soyabean oil refined 3 980 137   73 4 190
242 Groundnut oil refined 6 681 405 442 7 529
249 Coconut  oil, refined  829 1    5   834
254 Palm oil, refined 4 287 1 182 4 971

Palm kernel oil refined 5 202 1 198 5 401
260 Olive oil, refined 12 067 2 437 221 14 726
267 Sunflower  oil refined 6 088 299 405 6 792
271 Rapeseed oil refined 3 226 438 636 4 301
289 Sesame oil 19 674 1 183 936 21 793
328 Cotton seed oil 2 242 1 283 432 3 957
333 Linseed oil 4 730 268 170 5 168
373 Spinach   118 14 160   292
388 Tomato sauce   270 158 107   534
399 Brinjals (egg plants)   234 33   95   362
401 Chillies, peppers   240 42   97   379
402 Onions and shallots   176 44   51   272
414 Beans green   320 54 188   561
430 Okra   474 36   65   576
486 Bananas   660 97   33    790
656 Coffee roasted 18 153 139 633 18 925
661 Cocoa powder 15 492 3 141 15 636
667 Tea (green and black) 7 232 898 726 8 856

Source: FAOSTAT. Period: 1996 – 2005.

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

Tel: 03-87694400      Fax:  03-89262971

Dr. Lim Weng Soon  ext: 4406  •  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

115 Apr - Jun 2015 30 Apr 2015 31 May 2015
116 Jul - Sept 2015 30 Jul 2015 30 Aug 2015
117 Oct - Dec 2015 31 Oct 2015 29 Nov 2015
118 Jan - Mar 2016 30 Jan 2016 27 Feb 2016

REPLY-SLIP

Dr. Lim Weng Soon/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

1.  We confirm our intention to advertise in the MPOB Palm Oil Engineering Bulletin.  

Company: 

Address: 

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

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

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

4.  Thank you.

              
                 (Signature and Date)                                                                 (Company stamp)

D
#

* Made payable to ‘MALAYSIAN PALM OIL BOARD’.

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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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 

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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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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