
LEMBAGA MINYAK SAWIT MALAYSIA
MALAYSIAN PALM OIL BOARD

KEMENTERIAN PERUSAHAAN PERLADANGAN DAN KOMODITI
MINISTRY OF PLANTATION INDUSTRIES AND COMMODITIES

ISSN 1511-9734

Issue No. 134 (January-March 2020)



[ 2 ]   Palm Oil Engineering Bulletin No. 134

Feature Article

EITA Electric



Palm Oil Engineering Bulletin No. 134   [ 1 ] 

Biogas Capturing Facilities in Palm Oil Mills: 
Current Status and Way Forward

02
EDITORIAL

10
FEATURE  ARTICLES
Palm Oil Mill Effluent Treatment 
by Activated Sludge Process 
Using Submerged Mechanical 
Aerator/Agitator

16
Guidelines and 
Recommendations for MeSTI 
Certification Preparation for Palm 
Oil Mills

Contents

29
Possible Changes in Milling Technology 
via Industry 4.0

40
NEWS EVENT
Special Taskforce on Clean Air 
Regulations: MPOB Kick-off Technical 
Evaluation of Air Pollution Control 
System for Palm Oil Mill Boilers

Chairperson
Dr. Ahmad Parveez Ghulam Kadir

Members
Dr. Astimar Abdul Aziz
Ruba'ah Masri
Anita Taib

Secretary
Rohaya M Halim

Editorial Board

© Malaysian Palm Oil Board, 2020
All rights reserved.

No part of this publication may be reproduced, stored in a retrieval system, in any 
form or by any means, electronic, mechanical, photocopying, recording, or otherwise, 
without the prior written permission of the publisher.

Products and services advertised in this Palm Oil Engineering Bulletin do not connote 
endorsement by MPOB.

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

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

Website: www.mpob.gov.my



[ 2 ]   Palm Oil Engineering Bulletin No. 134

Editorial

This issue of Palm Oil 
Engineering Bulletin highlights 
recent improvements in palm oil                    
milling technology in compliance 
with the national regulations 
on environmental issues. The 
environmental quality regulations for 
palm oil mill effluent (POME), when 
first enacted had stipulated a level of 
5000 mg litre-1 for biological oxygen 
demand (BOD) as the first-generation 
discharge standard limit. However, 
the discharge limit was subsequently 
revised in stages and drastically 
reduced to the present limit of 100 
mg litre-1. It is anticipated that the 
discharge limit will be further reduced 
to 50 mg litre-1, and in places where 
wastes are discharged into rivers, the 
expected future limit will be at 20 mg 
litre-1. Typically, POME is pre-treated 
in an anaerobic lagoon until the 
BOD level is about 500 mg to 1000 
mg litre-1. Further BOD reduction 
by aerobic organisms requires 
efficient aeration and agitation. The 
submerged mechanical aerator/
agitator was found to be able to 
improve activated sludge process 
performance.

Food safety is an increasingly 
important  issue in the food supply 
arena. All the ingredients used 
to produce edible products must 
be traceable and should comply 

with specific  quality standards. 
Crude palm oil (CPO) produced 
in palm oil mills is mainly used for 
edible purposes after being refined, 
bleached and deodorised. Food 
safety assurance programmes have 
become mandatory pursuant to the 
Food Hygiene Regulations 2009. 
However, food safety assurance 
certification may be costly for 
most of the small and medium 
industries (SMI). Food safety is 
the responsibility of the Industry 
or in Malay, ‘Makanan Selamat, 
Tanggungjawab Industri’ (MeSTI) is 
a free certification scheme to fulfill 
the minimum regulation requirements 
introduced by the Ministry of Health. 
Although the standard is lower than 
that of other food safety assurance 
systems, MeSTI is easily achievable 
by palm oil mills,  with minimum 
expenditure requirement.

Global technology advancement 
has introduced many new innovations  
such as data digitalisation and 
internet of things (IoT) to greatly 
improve operations. Modern process 
control based on programmable logic 
control (PLC), fuzzy logic, artificial 
neuron network (ANN) have been 
developed to increase precision. 
Artificial intelligence (AI) enables 
complex modelling and automation. 
As a result, industrial processes have 

become more efficient than ever 
in terms of production cost, labour 
requirement, working environment 
and product quality consistancy. 
It is imperative for palm oil mills 
to embrace these transformative 
technologies  in tandem with 
Industrial Revolution 4.0 (IR4).

Environmental Quality (Clean Air) 
Regulations 2014 under the provision 
of the Environmental Quality Act 
1974 (Act 127) have reduced the 
particulate matter emission level limit 
from 400-150 mg Nm-3 and a five 
year grace period has been given 
for the compliance implementation. 
However, palm oil mills still strive to 
meet the new requirement because 
an effective advanced air pollution 
control system (APCS) has yet to 
be identified. These issues were 
brought to the attention of the 
Ministry of Plantation Industries and 
Commodities (MPIC) and Ministry 
of Environment and Water (MEW) 
after continuous engagement among 
palm oil mill representatives, boiler 
manufacturers, Department of 
Environment (DOE) and Malaysian 
Palm Oil Board (MPOB). The first 
technical meeting of the Special 
Taskforce on Clean Air Regulation 
2014 was held in August 2019. The 
Taskforce comprised representatives 
from the Palm Oil Millers Association 
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CALL FOR ARTICLES

Researchers are cordially invited to 
submit articles related to the palm oil 
industry for publication in Palm Oil 
Engineering Bulletin.

 The topics of interest are:

1.  Plant modifications or innovations 
that have improved the mill 
performance.

2.  Research findings that have 
enhanced oil extraction rate 
(OER) and product quality.

3.  Current issue facing by the 
industry and solution experience.

The published articles will be 
circulated throughout the industry and 
MPOB offices worldwide.

For enquires and submission, please 
email to: milling@mpob.gov.my/ 
rohaya@mpob.gov.my/fidos@mpob.
gov.my

(POMA), Malaysian Palm Oil 
Association (MPOA), Sarawak 
Oil Palm Plantation Owners’ 
Association (SOPPOA), Sawit 
Kinabalu as well as the DOE 
and MPOB. An in-house training 
programme was conducted by a 
registered Environmental Impact 
Assessment (EIA) consultant 
regarding stack emission sampling 
according to Malaysian Standard 
MS 1596:2003 (Confirmed 2013) 
(Determination of concentration 
and mass flow of particulate matter 
in flue gas for stationary source 
emissions). A technical evaluation 
study of various APCS at selected 

palm oil mills commenced after the 
training session. The study finding 
will serve as a practical guideline for 
millers prior to APCS installation.

The prosperity of the oil palm 
industry requires the commitment 
of all industry players to adhere 
to best practices along the entire 
value chain, including the milling 
sector.  All palm related players 
are urged to cooperate in efforts 
to intensify environmentally                       
sustainable practices and unlock 
opportunities to build a better 
tomorrow.



PalmitEco Engineering Sdn Bhd



Taner Industrial 
Technology Sdn Bhd
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Palm Oil Mill Effluent Treatment 
by Activated Sludge Process using 
Submerged Mechanical Aerator/Agitator

INTRODUCTION

The environmental quality regulations for palm oil mill 
effluent (POME) has reduced the biological oxygen 
demand (BOD) level to 5000 mg litre-1 as the first generation 
discharge standard limit. However, the discharge limit was 
subsequently revised and drastically reduced to the present 
limit of 100 mg litre-1. It is anticipated that the discharge limit 
will be further reduced to 50 mg litre-1, and in places where 
wastes are discharged into rivers, the expected future limit 
will be at 20 mg litre-1. The oxidation pond (lagoon) method 
has been conventionally employed for POME treatment for 
many years due to low construction and operation costs 
and easy maintenance. However, the anticipated new 
effluent discharge standard limits cannot be achieved by 
the oxidation pond process alone; therefore, an additional 
aerobe/activated sludge process (ASP) is recommended 
as a polishing treatment. 

POME is pre-treated in an anaerobic lagoon until 
the BOD level is about 500-1000 mg litre-1. It is then 
further subjected to BOD reduction by aerobic organisms 
(activated sludge). Efficient aeration and agitation during 
the aerobic reaction are essential to ensure significant 
BOD reduction. A surface aerator is normally employed 
as an air diffuser in the aeration tank. The air diffuser, if 
not properly operated could prevent stabilisation of BOD 
reduction. Instability of the aerobic organisms could occur 
due to excessive or insufficient aeration or deposition 
of sludge caused by insufficient agitation. A diffuser 
generates minute air bubbles and has high aeration 
efficiency in clean water. However, it is known to have a low 
vapour-liquid oxygen transfer rate in sewage. The reasons 
are because the diffuser only has an upward agitation 
stream and the oxygen retention time in the aeration tank 
is insufficient. The oxygen supply function is halted if the 

diffuser is clogged by some bubbles generated with the 
sludge, which does not occur in clean water. As sludge is 
deposited at the bottom of the tank, it is difficult to achieve 
a continuous stable aeration tank process (Figure 1). 

When the water level is high, the agitation does not 
reach the bottom of the aeration tank and aeration cannot 
be controlled. The uneven agitation flow velocity will result 
in concentration gradient of activated sludge within the 
tank and sludge deposition will occur at the bottom of 
the tank. Sludge deposition reduces the actual aeration 
capacity (reaction capacity) and aeration stability in the 
aeration tank, as well as complicates the agitation. In 
addition, air diffusers have the same aeration and agitating 
functions; thus, efficient processing is not achieved in the 
aeration tanks. Despite using the ASP, the aeration tank 
which is used as the key device becomes unstable. As 
a result, ASP is unable to fully function and a continuous 
BOD processing cannot be achieved. To resolve these 
problems, an investigation on the aeration and agitation 
states by the diffuser was carried out to achieve a stable 
BOD processing in the aeration tank of ASP. For efficient 
aeration and agitation, any improvements in the aeration 
tank using submerged mechanical aerator and agitator 
separating the ‘agitating function’ and ‘agitating diffusing 
function’ were examined.

Figure 1. Diffuser clogging.



Palm Oil Engineering Bulletin No. 134   [ 11 ] 

Palm Oil Mill Effluent Treatment by Activated Sludge 
Process using Submerged Mechanical Aerator/Agitator

CASE STUDY PROCEDURES

POME production of the polishing plant involved in the 
case study was 54 m3 hr-1 (1296 m3 day-1), with hydraulic 
retention time (HRT) of 1.8 days. The aeration system 
served as a process flow of a standard ASP having three 
aeration tanks as shown in Figure 2.

Characteristics of POME were analysed and are 
presented in Table 1. The high BOD and chemical oxygen 
demand values of the final discharge proved that the 
biological activities of the ASP malfunctioned optimally. 
As for ammonium, the nitrification was not complete due 
to insufficient oxygen supply in the aeration tank. The 
total nitrogen content was reduced owing to denitrification 
reaction resulting from insufficient agitation and adsorption 
caused by sludge deposition. Mixed liquor dissolved 
oxygen (MLDO) values were as low as 0.13-0.39 mg litre-1. 

TABLE 1. CHARACTERISTICS OF POME SOURCES

Source of POME
BOD 

(mg litre-1)
COD 

(mg litre-1)

Influent water to aeration 
tank no. 1

349 1 320

Final discharge 228 843
Note: BOD – biochemical oxygen demand, COD – chemical oxygen demand.

DESIgN PARAMETER

A case study of submerged mechanical aerator and agitator 
was conducted. The aeration capability was examined for 
the POME parameters shown in Table 2. The submerged 
mechanical aerator/agitator has the advantage in terms of 
power source separation for two main functions of aeration 
- air supply and agitation/aeration. It is also able to operate 
with flexibility either for aerobic agitation or anaerobic 
agitation. With a simple design for the ponding system, this 
process prevents scattered wastewater/sludge and is free 
from noise/vibration.

TABLE 2. DESIgN PARAMETERS OF CASE STUDY FOR 
POLISHINg PLANT

Parameter Unit
Design
value

Influent BOD mg litre-1 500

Effluent BOD mg litre-1 20

BOD removal rate % 95

MLDO mg litre-1 2.0

MLSS mg litre-1 2 500

Operating temperature of 
  waste water

oC 28

Aeration devise installation 
  water depth (as water depth)

m 3.6

Note: Target tank specification was based on L1=18.5 m, W1=18.5 m     (L2=11.3 
m; W2=11.3 m), WD=3.6 m for 1 tank; Number of aeration tanks - 3 
tanks;  MLDO - Mixed liquor dissolved oxygen; MLSS - Mixed liquor 
suspended solid.

The mixed liquor suspended solid (MLSS) and 
flow velocity were measured in the respective aeration 
tanks using submerged mechanical aerator/agitator 
to investigate the actual states of agitation. The 
measurements in the aeration tanks, as well as at the 
surface, middle, and bottom of the tank, were carried out 
using Yellow Springs Instruments (YSI) 58 membrane DO 
probe and Iijima Electronics Corporation IM 100 P probe. 
For the ASP evaluation using submerged mechanical 
aerator/agitator, inflow BOD of 200 mg litre-1 or higher 
was used as target. Comparative examination was 
performed with various water quality analyses, such as 
MLDO, BOD, COD, ammonium and total nitrogen (TN). 
The measurement of MLDO was taken at one point; the 
midway of the water depth in each of the aeration tanks no. 
1-3. The measurements of BOD, COD, ammonium, and 
TN were taken at six points: influent, aeration tanks no. 
1-3, after clarifier, and final POME discharge point. The 
measurements of suspended solid (SS) were recorded 
at two points: after clarifier and final POME discharge 
point. The aeration tanks in the polishing plants using ASP 
and diffuser were measured for their MLDO, MLSS and 
flow velocities at the surface and bottom of the tank to 
investigate their aeration and agitation. 

Figure 2. Specification of activated sludge method (ASM) for polishing plant.
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No.1 aeration tank No.2 aeration tank No.3 aeration tank
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TABLE 3. RESULTS OF DIFFERENT AERATION TANK CONDITIONS

Location Aeration device
Measurement items

MLDO
(mg litre-1)

MLSS
(mg litre-1)

Average flow velocity
(m sec-1)

M1 Diffuser
6.5 (Upper)
4.6 (Lower)

600 (Upper)
500 (Lower)

0.576 (Upper)
0.179 (Lower)

M4 Diffuser
7.42 (Upper)
0.11 (Lower)

120 (Upper)
40000 and more

(All parts of lower)

0.143 (Upper)
0.091 (Lower)

Note: Location - polishing plant; upper - surface area; lower - bottom area.

FINDINgS 

MLDO and MLSS, and Flow Velocity 

The results of MLDO, MLSS, and flow velocity of the 
aeration tank are shown in Table 3. Using the diffuser 
which was measured at location M1, the values obtained 
were 4.5-6.0 mg litre-1 MLDO, 500-600 mg litre-1 MLSS, 
and 0.179-0.576 m sec-1 flow velocity. Although the 
oxygen required for aerobic biodegradation was efficiently 
maintained when the MLDO values were within the range 
from 1-3 mg litre-1 by ASP, the aeration state of location M1 
demonstrated that excessive aeration with inappropriate 
state was performed. As a result, MLSS values showed 
a very low activated sludge concentration indicating that 
the sludge balance was disturbed by the shortage of 
aerobic organisms. There was a gap of flow velocity, which 
possibly showed that stirring by the diffuser was not fully 
performed.

Measurements at location M4 using the diffuser showed 
that MLDO values were 0.11-7.42 mg litre-1, MLSS value 
on the surface was 200 mg litre-1, and flow velocity values 
were 0.091-0.143 m sec-1. It was confirmed that excessive 
aeration was performed. The excessively low MLSS value 
was expected since ASP was not maintained. In addition, 
sludge decomposition of MLSS at 40 000 mg litre-1 or 
higher showed no agitation flow velocity at the bottom of 
the tank. Apparently, stirring was not sufficiently performed 
which reduced the aeration capacity (reaction capacity). 
Agitation using submerged mechanical aerator/agitator on 
both the surface and the middle layer was conducted with 
MLSS values ranging from 1350-1630 mg litre-1 as shown 
in Figure 3. Employing the submerged mechanical aerator/
agitator, the interior of the aeration tank was entirely 
agitated since the concentration distribution at the bottom 
of the tank (MLSS 1460 mg litre-1) was similar to those of 
the surface and middle layers.

Figure 3. Comparison of mixed liquor suspended solid (MLSS) condition in aeration tank.
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FLOW VELOCITY 

The flow velocity distributions of the submerged mechanical 
aerator/agitator (Figure 4) were 0.296 m sec-1 for bottom 
layer (lower), 0.307 m sec-1 for middle layer and 0.320 
m sec-1 for the surface (upper layer), with no significant 
difference. It was found that the entire liquid in the tank was 
agitated causing turbulence to each velocity waveform. 
It was therefore verified that there was no deposition of 
sludge at the bottom of the tank due to sufficient agitation.

The MLDO values for aeration tank no. 1 were 0.3 
-0.98 mg litre-1, 3.5-6.51 mg litre-1 for aeration tank no. 
2 and 6.0-7.59 mg litre-1 for aeration tank no. 3 (Figure 
5). In aeration tank no. 1, since oxygen consumption by 
biodegradation and nitrification reaction was in progress, 
MLDO values as low as 0.3-0.98 mg litre-1 were obtained. 
The changes in MLDO values in aeration tank  no. 2 
and 3 presumably resulted from oxygen consumption 
by respiration of the activated sludge in the tanks and 
decomposition of organic matters with low reaction rates 
in Aeration tank 3. This showed that MLDO values were 
improved by aeration in the submerged mechanical 
aerator/agitator. Herein, the standard control ranges of 
MLDO values by ASP were usually 3.0 mg litre-1 or lower. 
Submerged mechanical aerator/agitator can be managed 
by controlling the amount of air blown by the blower.

BIOLOgICAL OXYgEN DEMAND AND CHEMICAL 
OXYgEN DEMAND

The results for BOD and COD of POME after polishing 
treatment using submerged mechanical aerator/agitator 
are shown in Figures 6 and 7, respectively. Both the BOD 
and COD were found to be significantly reduced over 
time. Although the concentration of the influent was not 
constant, the results for BOD in the final discharge were in 
the range of 21-48 mg litre-1, and for COD were 74-231 mg 
litre-1. The BOD removal rate was greatly improved from 
84.1% to 93.1%. 

Based on the 97% to 99% nitrification reaction in 
aeration tank no. 2, the oxygen supply seemed to be 
adequate (Figures 8 and 9). The concentration of TN was 
lower in the aeration tank although it was under aerobic 
conditions. This was probably due to denitrification 
reaction resulting from partial anaerobic and aerobic 
conditions taking place simultaneously in the tank caused 
by fluctuating MLDO values. High rates of nitrification and 
denitrification could be achieved where both oxic (aerobic 
condition) and anoxic (anaerobic condition) environments 
are present (Davood Nourmohammadi et al., 2013). 
Aerobic denitrification is also majorly affected by dissolved 
oxygen as revealed by Bin Ji et al. (2015). The inside of the 
activated sludge flocs was also partially under anaerobic 
conditions. Clifford et al. (2010) reported that denitrification 

Figure 6.The variation of biological oxygen demand (BOD) concentration 
in aeration system.
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Figure 7. The variation of chemical oxygen demand (COD)  concentration 
in aeration system.
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Figure 5. The variation of mixed liquor disolved oxygen (MLDO) 
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of nitrate (or nitrite) may be found in deeper subsurface 
biomass (sludge) zones.

These results showed that oxygen required for 
nitrification reaction of ammonium content was insufficient 
with the surface aerator, but ammonium was greatly 
reduced from the viewpoint of oxygen supply. With the 
submerged mechanical aerator/agitator and separation 
of the ‘agitation function’ and ‘agitation diffusing function’, 
formation of a denitrifying atmosphere depending on 
the state of water quality was possible, while it was 
uncontrollable with the surface aerator. Therefore, it was 
considered that aeration performance which is suitable for 
the respective process could be produced.

Figure 10 shows that the SS concentrations of the 
treated effluents were 100 mg litre-1 or lower which created 

a satisfactory sedimentation separation performance as 
well as functioning as clarifier.

MICROSCOPIC ANALYSIS 

In order to confirm the state of activated sludge in the 
aeration tanks, the sludge was sampled and analyzed 
by microscopy (Figure 11). Although the flocs were 
rather small, the presence of protozoa such as Vorticella, 
Arcella, Trochilia and Euglypha was found in the flocs. 
The conditions of the treatment process were favorable for 
these protozoa. Madoni (2011) reviewed the occurrence 
of protozoa community in activated sludge plants and 
grouped the protozoans according to their species. The 
species of Vorticella, Arcella, Trochilia and Euglyha were 
commonly found in activated sludge.

With the presence of a variety of microorganisms which 
usually appeared when the process was successful, it was 
confirmed that sufficient degradation of organic matter 
took place along with nitrification. As the improvement 
in aeration was conducted by submerged mechanical 
aerator/agitator in which the ‘agitation function’ and the 
‘agitation diffusing function’ were separated, BOD levels 

were improved by adding ‘agitation diffusing function’ 
to the ‘agitation function’ of the submerged mechanical 
aerator/agitator and MLDO in the aeration tank.

CONCLUSION 

In this case study, optimal aeration state could not be 
controlled by the diffuser. The agitation state did not attain 
a complete state of mixing in the tank resulting in deposition 
of sludge at the bottom of the tank. Since these air diffusers 
had aeration and agitating functions performed by the 
same component, an efficient processing capability in the 
aeration tank could not be achieved. It was inferred that the 
aeration tank used as the core device was unstable even 
if ASP was employed, thus unable to continuously reduce 

Figure 11. Microscopic image of activated sludge.

Figure 8. The variation of ammonium concentration in aeration system.
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Figure 10. The suspended solid (SS) concentration of effluent.
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Figure 9. The variation of total nitrogen concentration 
in aeration system.
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the BOD. Using the submerged mechanical aerator/
agitator in which the 'agitating function' and 'agitating 
diffusing function' were separated, optimum aeration and 
stirring were achieved. From the results of MLSS and 
flow velocity using the submerged mechanical aerator/
agitator, the agitation state in the aeration tank was greatly 
improved. From the MLDO, the BOD reduction particularly 
improved from 34.7% to 93.1% as a result of accelerated 
removal rate by addition of the ‘agitation diffusing function’. 
Although POME improvement was attempted, stable 
POME process required a controlled operation flow of 
the whole ASP including the aeration tank. Submerged 
mechanical aerator/agitator which controlled the ‘agitation 
function’ and ‘agitation diffusing function’ allowed for 
construction of a stable ASP including variations in the 
inflow load change, and seasonal variations that can 
contribute to the POME treatment process.
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ABSTRACT

Crude palm oil (CPO) produced in the palm oil mills is 
mainly used as edible purposes after refined, bleached 
and deodorised. Thus, food safety assurance programs 
become mandatory pursuant to the Food Hygiene 
Regulations 2009. Food safety is the responsibility of the 
Industry (MeSTI) is a free certification scheme to fulfill 
the minimum regulation requirements introduced by the 
Ministry of Health. Although the standard is lower than 
other food safety assurance systems, MeSTI is easily 
achievable by palm oil mills with minimum expenditures 
requirement.

Keywords: certification scheme, edible, food safety, MeSTI, 
palm oil mill.

INTRODUCTION

In year 2018, Malaysian palm oil mills produced 19.52 
million tonnes of crude palm oil (CPO) and exported 
16.488 million tonnes of palm oil to worldwide market 
(MPOB, 2019). The CPO is refined to produce refined, 
bleached and deodorised (RBD) palm oil which is mainly 
used for edible purposes. Malaysian weather is optimal for 
bacteria growth such as salmonella which are manifested 
from unsanitary food preparation that causes foodborne 
diseases. The demand for safe food has led to food safety 
control. Thus, food safety assurance programs such as 
Good Manufacturing Practice (GMP), Hazard Analysis and 
Critical Control Point (HACCP) and ISO 22000 become 
mandatory pursuant to the Food Hygiene Regulations 
2009. Most of the refineries have already acquired one or 
more food safety assurance systems recognition but palm 
oil mills have yet to do so.

Ministry of Health (MOH) has established Food Safety 
and Quality Division under Department of Public Health to 
ensure that the food processing activities are in compliance 
to the hygiene and safety requirements. The division is 
also responsible for food safety monitoring through the 
supply chain, including any food related hazards and 
frauds. Food safety standards practiced in Malaysia are 
Food Act 1983, Food Regulation 1985 and Food Hygiene 
Regulation 2009.

‘Makanan Selamat Tanggungjawab Industri’ (MeSTI) 
is a certification scheme to fulfill the minimum regulations 
requirement introduced by the MOH. Although the standard 
is lower than other food safety assurance systems such as 
HACCP and GMP as shown in Figure 1, MeSTI is easily 
achievable with no certification fee.

Although CPO is not an end consumer product, Food 
Safety and Quality Division of MOH has encouraged all the 
palm oil mills in Malaysia to apply for MeSTI certification 
recently as palm oil originated from CPO is widely used 
as food ingredient which forms a supply chain. The 
certification is also in line with the traceability effort.

Figure 1. Various food safety assurance systems.

Implemented in 1998

• Based on demand
• Fee imposed

Implemented in 2007

• Based on demand
• Fee imposed

Implemented in 2012

• Targets SMEs
• Based on regulations
• FREE
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FOOD ACT 1983 (ACT 281)

Food act was gazette on 10 March 1983 and applies 
throughout Malaysia  to protect public against 
health hazards and fraud in food preparation, sale 
and consumption, and for matters incidental thereto 
or connected therewith. The following are some 
interpretations relevant to palm oil mill.

Food includes every article manufactured, sold 
or represented for use as food or drink for human 
consumption or which enters into or is used in the 
composition, preparation, and preservation, of any food 
or drink and includes confectionery, chewing substances 
and any ingredient of such food, drink, confectionery or 
chewing substances. This is relevant to CPO.
 

Food premises means premises used for or in 
connection with preparation, preservation, packaging, 
storage, conveyance, distribution or sale of any food, or 
relabeling, reprocessing or reconditioning of any food. This 
is relevant to palm oil mill.

Package includes anything in which or any means 
by which food is wholly or partly cased, covered, 
enclosed, contained, placed or otherwise packed in any 
way whatsoever and includes any basket, pail, tray or 
receptacle of any kind whether opened or closed. 

Premises include any building or tent or any other 
structure, permanent or otherwise together with the land 
on which the building, tent or other structure is situated 
and any adjoining land used in connection therewith and 
any vehicle, conveyance, vessel or aircraft and open space 
or place of public resort or bicycle or any vehicle used for 
or in connection with preparation, preservation, packaging, 
storage, conveyance, distribution or sale of any food. 

Preparation includes manufacture, packaging, 
processing and any form of treatment. 

Sell or sale refers only to sale for human consumption 
or use and includes barter and exchange, offering or 
attempting to sell, causing or allowing to be sold, exposing 
for sale, receiving, sending, conveying or delivering for sale 
or exchange or in pursuance of such sale or exchange, 
supplying any food where consideration is to be received 
by the supplier for such supply either specifically o r as part 
of a service contracted for sale, or having in possession 

any food for sale or exchange, or having in possession 
any food or appliance knowing that the food or appliance 
is likely to be sold or offered or displayed or exposed for 
sale or disposed of for any consideration, and includes 
electronic sale.

Vegetable substance means any plant or part of a 
plant, and includes stem, root, bark, tuber, rhizome, leaf, 
stalk, inflorescence, bud, shoot, flowers, fruit and seed, or 
an extract thereof. 

If the CPO is further processed to produce palm oil to 
be used as edible ingredient, the application is under the 
food act jurisdiction and the following section should be 
taken concerning all Malaysian palm oil mills:

Director may order food premises or appliances to be 
put into hygienic and sanitary condition

1. The Director or an officer authorised by him in this 
particular respect may in writing, order the closure 
forthwith not exceeding 14 days of any premises 
preparing or selling food where the Director or the 
officer authorised by him in this particular respect is 
of the opinion that such premises is in a condition 
that fails to comply with the sanitary and hygienic 
requirements and such that it is likely to be hazardous 
to health, and the proprietor, owner or occupier of the 
premises who fails to comply with the order commits 
an offence and is liable on conviction to imprisonment 
for a term not exceeding five years or a fine or both.

2. (a) No manufacturer or distributor of, or dealer in, 
any food specified by the Minister shall sell such 
food to any vendor unless a written warranty or other 
written statement is given that the food complies with 
the provisions of Act 281 or any regulation made there 
under.
(b) Any person who contravenes the provisions of 
subsection (1) commits an offence and is liable on 
conviction to imprisonment for a term not exceeding 
three years or a fine or both. 

Food Hygiene Regulations 2009

The regulations were made under provision section 34 of 
the Food Act 1983 (Act 281) on 28 February 2009. Palm oil 
mills should take concern the following regulations.

Food premises to be registered 

1. (a) An application for food premises registration shall 
be made to the Director in such form and manner and 



[ 18 ]   Palm Oil Engineering Bulletin No. 134

Feature Article

be accompanied with such information and particulars 
as specified.
(b) The Director may request orally or in writing the 
applicant to submit additional documents, information 
or particular as considered necessary for the 
registration purpose at any time after receiving the 
application.

2. (a) After considering an application under sub 
regulation 4(1) and on being satisfied with the 
information and particulars submitted, the Director 
may issue a registration certificate for food premises 
as prescribed in the Second Schedule.
(b) The fee for the registration certificate issued 
under sub regulation (1) shall be RM30.

3. A registration certificate for food premises shall be 
valid for a period not exceeding three years from the 
issuance date.

4. Application for certificate renewal for food premises 
shall be made in accordance with regulation 4 at least 
30 days before its expiry date.

5. Food premises proprietor, owner or occupier shall 
provide and make available a food safety assurance 
programme in the food premises.

6. Food premises proprietor, owner or occupier shall 
provide a food traceability system in the food 
premises which is able to identify one step back from 
where the food came and one step forward to where 
the food went at any specified food chain stage from 
production to distribution.

7. Food premises proprietor, owner or occupier shall:
• Ensure that the food premises comply with all 

requirements;
• Not employ or allow any food handler to work 

in the food premises unless the food handler 
has undergone a food handler training and has 
been medically examined and vaccinated by a 
registered medical practitioner as required under 
regulations 30 and 31 respectively;

• Maintain and be made available for inspection 
a training record, medical examination and 
vaccination certificate of every food handler 
employed by him or working in the food premises; 
and

• Maintain and be made available for inspection all 
records pertaining to food cleaning, packaging, 
processing, storing and distributing.

8. Food premises shall be located away from 
contamination sources including aeration ponds, 
septic tanks and waste disposal sites.

9. Food premises shall be designed and constructed as 
such to facilitate cleaning and disinfection.

10. Adequately protected potable water supply against 
any contamination.

Food premises cleanliness. 

1. (a) Food premises proprietor, owner or occupier 
shall keep the food premises free from any pest at all 
times.
(b) On becoming aware of any pest presence in the 
premises, food premises proprietor, owner or occupier 
shall forthwith take all practicable measures to destroy 
the pest and to prevent re-infestation.
(c) A pest control treatment shall only be carried out 
by using a suitable chemical, physical or biological 
agent and without posing threat to the food safety.

Proper refuse disposal.

1. All floors in food premises shall be:
• maintained in good condition, easily cleaned and 

where necessary, disinfected;
• of impervious, non-absorbent, washable and 

non-toxic materials unless the food premises 
proprietor, owner or occupier can satisfy the 
Director or an authorised officer that other 
materials used are appropriate; and

• adequately drained.
2. (a) All walls in food premises shall be:

• maintained in a good condition, easily cleaned 
and where necessary, disinfected; and

• of impervious, non-absorbent, washable and 
nontoxic materials and require a smooth surface 
up to a height appropriate for a food process 
unless the food premises proprietor, owner or 
occupier can satisfy the Director or an authorized 
officer that other materials used are appropriate.

(b) All angles between a wall and a floor in a food 
premises shall be sealed and curved to facilitate 
cleaning, where necessary.

3. Adequate natural or artificial lighting.
4. Suitable and sufficient ventilation.
5. All ceilings or where there is no ceiling, the interior 

roof surface and food premises overhead fixtures 
shall be constructed and in finished form which is able 
to prevent dirt accumulation and particles shedding 
and to reduce condensation and undesirable mould 
growth.

6. All doors in food premises shall be:
• easily cleaned and where necessary, disinfected; 
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• of smooth, non-absorbent surface and self-
closing.

7. (a) All furniture, fittings and food contact surfaces 
used or to be used for the preparation, serving, 
storage, conveyance or distribution of food in any food 
premises shall be well maintained and kept clean at 
all times.
(b) All furniture, fittings and food contact surfaces 
used or to be used in any processing area of food 
premises shall be of impervious material and easily 
cleaned.

8. Proper food storage.
9. Changing room shall be provided where necessary in 

food premises for the food handlers’ usage.
10. Adequate separate wash-basin for hand washing and 

food washing.
11. Toilet room not directly open to any room or 

compartment used for food storage, production and 
serving.

12. Adequate drainage facility.
13. Food handler training requirement.
14. Food handler medical examination and health 

condition.
15. Clean, suitable and proper clothing for food handler.
16. Food handler personal hygiene.
17. Food handler shall ensure that food premises where 

the food is handled are kept clean and free from 
rubbish, pest, dirt or soot, sweepings, ashes, wastes 
and cobwebs at all time.

18. (a) Food handler shall handle food and use food 
appliances and food containers in accordance with to 
the guideline requirements.
(b) Food handler shall cause all defective appliances 
to be discarded and removed from food premises.
(c) Food handler shall not keep, carry, spread or use 
any toxic substance that may expose any food for sale 
to the contamination risk.
(d) Food handler shall ensure that chemical additives 
used in preventing equipment and containers 
corrosion are used in accordance with good practice.
(MoH, 2009).

FOOD SAFETY IS THE RESPONSIBILITY OF THE 
INDUSTRY CERTIFICATION SCHEME

MeSTI certification scheme is applicable to all food 
manufacturing premises in Malaysia in order to comply 
with the requirements prescribed under the Food Hygiene 

Regulations 2009. The food manufacturing premises must 
be licensed by the local authority, registered with the 
Companies Commission of Malaysia and registered with the 
Ministry of Health through food premises registration. Prior 
to obtaining recognition, the food manufacturing premises 
will be coached in the development and implementation of 
the Food Safety Assurance Program. Technical coaching 
by the Ministry of Health is free of charge.

Field audit is inspection carried out by an auditor who 
is a Food Safety and Quality Division officer to assess the 
readiness level to comply with elements as shown in Table 
1 on the respective premises. 

TABLE 1. MeSTI CERTIFICATION ELEMENTS

Element Particular
1. Design and Facility
2. Food Handler
3. Training
4. Maintenance and Sanitation
5. Raw Material Control
6. Process Control
7. Packaging Control
8. Storage Control
9. Transport and Distribution Controls
10. Traceability Controls

Coaching in form of technical guidance will be given 
if applicant is found to be less prepared so that the Food 
Safety Assurance Program could be developed within six 
months. Corrective actions need to be taken for each non-
conformance, recorded in the corrective action request 
form (MeSTI-1/14) and handed over to the applicant after 
the audit. Feedback shall be submitted within three months 
from the field audit date for follow-up audit.

Follow-up audit is inspection carried out within 
three months of the assessment audit when all non-
conformances must be closed out within the period 
stipulated before certification is granted. Photographs or 
supporting documents evidence to justify the corrective 
actions taken need to be obtained.

After all the certification elements have been complied, 
final report will be prepared which should include the audit 
form (MeSTI-4/12-02), the verified processing flow chart, 
the corrective action request form (MeSTI-1/14) if any 
and evidence for corrective actions taken. The final report 
will be tabled during the MeSTI Certification Committee 
Meeting.
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MeSTI CERTIFICATION APPROVAL (NEW/RENEWAL) FLOW CHART

Note: Normal certification = 13 days (excluding coaching process)
: Fast- Track certification = 7 days
: The coaching process is not included in the certification process period.

Figure 2. MeSTI certification approval flow chart.
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The MeSTI Certification is valid for three years and 
complete renewal application form (MeSTI-1/12-02) should 
be submitted within three months before the certification 
expiry date.
 

Monitoring audit is inspection carried out on MeSTI 
certified premises to verify that all the elements are 
continuously implemented effectively. The corrective 
action request form (MeSTI-1/14) could be issued if any 
non-conformance is observed and the certification will be 
revoked if relevant corrective action taken within three 
months is unsatisfactory.

Food Safety and Quality Division headquarters, Ministry of 
Health should be notified if
• Company name is changed.
• Any major renovation on the building structure or 

design.
• New food products are manufactured.

Figure 2 shows the MeSTI certification approval flow 
chart. However, the certification could be suspended and 
revoked anytime. Suspension up to three months will 
be implemented prior to full revocation if the certificate 
holder premises or products produced by the certificate 
holder are no longer in compliance with the Food Act 
1983 and the regulations there under; violation any of the 
conditions stipulated by the Ministry of Health from time 
to time; or misuse the MeSTI logo as shown in Figure 3 
on non-food products. The certification is revoked if the 

food premises are moved to other location or have ceased 
operations; overdue non-conformance; or violating any 
of the conditions stipulated by the Ministry of Health from 
time to time (MoH, 2016).

CONCLUSION

Food safety in palm oil mill is an immense issue which is 
kept silence all this while based on fact that crude palm 
oil is not an end consumer product. Due to increasing 
food safety concern which also involves traceability, 
palm oil mill seems to be inevitable to acquire food safety 
assurance system recognition. MeSTI certification scheme 
introduced by the Ministry of Health is easily achievable 
with minimal expenditure. All relevant parties need to work 
together at this moment towards palm oil mill food safety 
program implementation in order to create better strides 
towards the establishment of palm products acceptance in 
globalization era.
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INTRODUCTION

This article is an updated version of the article published 
in Palm Oil Engineering Bulletin Issue No. 123 which 
discussed about the potential changes that would be 
welcomed in the palm oil industry especially on the 
mechanical design of the unit operation inside a palm oil 
mill. In this article, emphasis will be given towards Industry 
4.0 technologies that have great potential to improve and 
enhance the palm oil milling process to reach new heights 
and process efficiency. 

INDUSTRY 4.0

The palm oil milling process has been stagnant for decades 
without undergoing major development, especially on 
process control and automation. Current palm oil mill is 
based predominantly on concepts developed in the early 
1950s. There is no intensive upgrade in palm oil mill after 
the concepts stated in Mongana Report (C P, 1953) and 
Stork Review (1960). With the world moving towards 
Industry 4.0, the palm oil industry should also follow the 
same trajectory as they have proven to bring about positive 
changes in profitability, productivity, efficiency, customer 
experience and more for other industries. This is especially 
important to attract locals and younger generations to work 
in plantation sectors. At the moment, the palm oil industry 
is facing labor shortages and relies heavily on unskilled 
foreign labour.

There are mainly nine technology trends that form the 
building blocks of Industry 4.0: a) big data and analytics; 
b) autonomous robots; c) simulation; d) augmented reality; 
e) digitalisation and cloud; f) cybersecurity; g) horizontal 
and vertical system integration; h) additive manufacturing;          

i) internet of things (IoT). Most of these are not technologies 
that conventional palm oil mill typically utilises. Under 
normal circumstances, research and development on 
palm oil mills would normally involves topics such as oil 
extraction rate (OER) enhancement and free fatty acids 
(FFA) remediation. However, with the new norms of lower 
crude palm oil (CPO) price (MPOB, 2020), the palm oil 
industry should be looking at disruptive technologies that 
can change the current paradigm. Most importantly, we 
need to understand that Industry 4.0 is going to come 
regardless of our present action. Nowadays, it is the norm 
to see self-service kiosks which is a part of the fourth 
industrial revolution and Industry 4.0 at fast food restaurant 
and cinema. Without proper preparations and research, it 
could result in the palm oil industry being left further behind 
the curve. Hence, rather than pushing it away, it is better 
to prepare and embrace Industry 4.0 as part of the palm oil 
industry future goals.

Fresh fruit bunches (FFB) grading via machine 
learning

Until now, fresh fruit bunches (FFB) grading are 
performed manually by competent and experienced FFB 
graders who manually collect samples and evaluate the 
FFB based on fresh fruit bunch Grading Manual (MPOB) 
(2020) via visual observation. FFB grading is the front-line 
assessment in any palm oil mill to measure raw material 
ripeness and freshness. The quality of the raw material 
will determine the yield of oil produced at the end of the 
process. However, the sample size is only about 30% 
of the whole load which means only 50 to 100 bunches 
are assessed per load. In other words, there are more 
ungraded FFB than graded ones for each load. Besides 
that, most of the samples are picked from the top part of 
each load. If the quality of the FFB at the bottom portion of 
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the load is significantly different from the top-half, it means 
that the grading quality of the load will be inaccurate and 
can lead to misrepresentation towards the OER of the day. 

By utilising multi-spectral camera for image capture 
and suitable machine learning algorithm, we can teach the 
machine to identify the quality of each FFB which can then 
be sorted according to their quality. This would be beneficial 
during the sterilisation process where specific recipe can 
be chosen for the sterilisation of FFB. At the moment, most 
mills are using mainly triple-peak sterilisation. However, if 
the FFB can be segregated according to their qualities, the 
sterilisation process can be further optimised to operate 
at an energy efficient setting, hence reducing the need 
for triple-peak sterilisation operation. Advance analysis 
such as this has the potential for better accuracies and 
can assess 100% of the bunches inside a moving scrapper 
conveyor. By doing this, manpower can be reduced and 
less argument will take place between estates and mills. 
Table 1 illustrates the hypothetical comparison between 
manual FFB grading and machine learning FFB grading.

TABLE 1. COMPARISON BETWEEN MANUAL FRESH FRUIT 
BUNCH gRADINg AND MACHINE LEARNINg FRESH FRUIT 

BUNCH gRADINg

Manual FFB grading Machine learning FFB grading

Manually operated by 
human

Fully automated system

30% of total load 100% of total load

No segregation Auto-segregation

INLINE OIL QUALITY MONITORINg VIA NIR

Other areas that can possibly be improved upon in palm 
oil mill are product quality and process losses analysis. 
Traditionally, all quality and losses analysis are carried 
out inside a laboratory. For example, FFA which is one of 
the most critical parameters in a palm oil milling process 
is typically measured via acid-base titration method that 
requires the use of chemicals as part of its Standard 
Operating Procedure (SOP). The method also requires 
tedious sample preparation and potentially include higher 
human error variability. However, the introduction of 

portable off-line near-infrared (NIR) spectroscopy has 
shorten the sample preparation time significantly and with 
less handling, human error factor has also been reduced 
(Yap and Abd Manaf, 2014).

Nevertheless, portable NIR is still an off-line 
measurement method and samples need to be taken from 
the production line to the laboratory. The sample travelling 
time delays the supervisors, engineers and managers 
from making a quicker response if the quality parameter 
is out of the control line. Recently, real-time, continuous 
measurement using inline NIR shows promise on 
delivering faster results with better data analytics (Yah et. 
al, 2018) while also eliminates sampling to be taken from 
the production line. Hence, operators can focus on other 
tasks instead of devoting too much time towards sampling. 
Additionally, inline measurement can also produce results 
at higher frequency than the other two methods which 
means engineers can take quicker rectification action 
and reduce non-conforming goods. Inline measurement 
coupled with suitable automation system can automatically 
respond to any process variation and meet the desired 
process optimization. Table 2 illustrates the comparison 
between the three different methodologies of quality and 
losses analysis.

ONLINE TRAININg

Digitalisation of information including training is one of the 
most critical components in Industry 4.0. Training is the 
process of enhancing the skills, proficiencies, capabilities 
and knowledge of people for doing a particular work. 
Continuous training is crucial for organisational growth 
and success as employee will become more efficient 
and productive if he or she is well trained. Without proper 
training, an organisation or company can be exposed to 
inefficient workforce that could bring down the quality and 
quantity of the services or products offered. For the most 
part, Industry 4.0 training revolves around virtual reality 
(VR) and augmented reality (AR) technologies. Training 
using VR would be done in an entirely digital environment 
that shuts out the physical world whereas training via AR 
mixes the real world with digitally enhanced information 
and allows users to practice new skills in realistic settings.
 

Unfortunately, the palm oil industry is still a step behind 
the curve in the field of training. Sime Darby have yet 
to genuinely digitalise trainings into module that can be 
accessed through the internet.  This type of training is also 
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TABLE 2. TITRATION METHOD COMPARED WITH PORTABLE AND INLINE NEAR-INFRARED (NIR)

Titration method Portable NIR Inline NIR

Require sampling Require sampling No need for sampling

Require chemical use Do not use chemical Do not use chemical

Tedious sampling preparation Simpler sampling preparation No sampling preparation

>10 min per result <5 min per result 10 - 60 sec per result

known as online training or e-training which is a valuable 
and cost-effective way for employees to obtain new and 
continuous education. Huge corporations and multi-
national companies benefited from online training in many 
ways, one being that all employees can take the exact 
same training program from anywhere they want, at any 
time, using any devices. This equates to decreased travel 
expenses since there is no longer a need for employees 
to travel to training site. Aside from travel expenses, other 
expenses such as accommodation, food and materials are 
no longer needed which is a big positive towards company 
cost-reduction initiatives.

Furthermore, everyone learns at a different pace and 
retains information differently. It is normal in a conventional 
classroom where a teacher moves too fast for some 
students but too slow for others. People who already 
know the information are bored and tuned out while those 
who are hearing the information for the first time struggle 
to keep up and get frustrated. On the other hand, when 
taking a course online, employee can go according to their 
own preference and pace.  Obviously, face-to-face training 
is still needed but the addition of online to the existing 
module can increase the effectiveness of the training. 
Plus, refresher training can also be done at less frequency 
using online module as the alternative. Table 3 illustrates 
the advantages and benefits of online training over solitary 
offline training.

TABLE 3. COMPARISON BETWEEN OFFLINE AND 
ONLINE TRAININg

Offline or classroom training Digital or online training

One-pace curriculum Self-pace curriculum

Fixed time and place
Anytime, anywhere and 
any devices

Limited reachability Unlimited reachability

Limited participants Unlimited participants

One-off class Infinite 

ONLINE LOgBOOK

The practice of writing lab analysis results into logbooks 
have been a longstanding exercise in any palm oil mill. 
These physical logbooks take a lot of space and require 
laborious effort for data extraction. The person also needs 
to be on-site and scroll open the logbook page by page to 
obtain the desired data. With the aid of cloud technology 
and software application, worker can key-in the data 
directly into the system while the data can be accessed 
by the relevant personnel from anywhere, at any time with 
using any devices. The data can then be used for analytics 
and prediction to further optimise the process. Table 4 
shows the comparison between physical logbook and 
online logbook.

TABLE 4. COMPARISON BETWEEN PHYSICAL 
LOgBOOK AND ONLINE LOgBOOK

Physical logbook Online logbook

Write results into logbook Key-in results into device

Require physical space
  for storage

Do not require physical 
  space for storage

Difficult for traceability Easier traceability

Need to be on-site for data 
  extraction

Data extraction from 
  the cloud

BIg DATA AND ANALYTICS

Traditionally, all mills record huge amount of data through 
various platforms and logbooks. These data are used from 
time to time for optimisation, review and research. With 
the astonishing rise of data science and analytics tools, 
more can be done with these data. Big data analytics is a 
complex process of examining and analysing huge amount 
of data sets in order to uncover hidden patterns, relevant 
trends, unknown correlation so that the organisation can 
make informed and data-driven based decision. Deep 
neural networks, TensorFlow, H2O.ai, MXNet, CNTK 2.0, 



[ 32 ]   Palm Oil Engineering Bulletin No. 134

Feature Article

Jupyter and BI tools such as Power BI and Tableau are 
some of the latest data analytics trends that can be used 
for this purpose. 

MODELLINg AND SIMULATION

Generally, all palm oil milling process is still not optimised 
at full capacity. The difficult part of this is because all mills 
have different design and unit operation resulted in different 
process flow. Hence, each mill would have different optimal 
process condition. In order to optimise parameter such as 
OER, all of the variables within the line need to be tested 
to the limit. However, the optimisation test would result in 
disruption to the OER performance of the tested mill and 
deteriorate the oil quality. Independent testing of each 
parameter would be arduous and consumed large amount 
of time. Additionally, the amount of possible combinations 
from all of the variables present within the process would 
be overwhelming. This is where modelling and simulation 
can be of service. Instead of performing actual physical 
experiments, all of that can be done virtually in a computer 
with suitable and capable software such as Aspen HYSYS, 
Aspen Plus, COCO and DWSIM. Software such as Aspen 
HYSYS contain ready-made library of unit operations 
that can be dragged and dropped into the layout. Then, 
the relevant process condition can be entered into each 
unit operation. Aside from that, there are also software 
such as MATLAB that requires the user to produce the 
mathematical equation and coding for the process from 
scratch.

Through the model, we can simulate, predict, extrapolate 
and manipulate all of the variables without worrying about 
any non-conformance goods coming out of the process as 
all of it is produced virtually. Additionally, once the model 
has reached satisfactory level of comparability with actual 
palm oil milling process, we can tinker with the model 
without lengthy process of modification or fabrication; 
saving precious money, time and work hours. Aside from 
mill optimisation, modelling and simulation can also aid in 
development of new technologies into the existing palm 
oil milling process as shown in Figure 1. For now, some 
of the new technologies are done via lab scale and then 
transferred to commercial mill. Most projects require 
additional step in the form of pilot plant stage before it can 
go directly towards commercialisation.

The higher the stage, the bigger the size of investment 
in terms of capital expenditure (CAPEX) and operating 

expense (OPEX). If the project goes south when it reaches 
the commercialisation stage, the lost would be astronomical. 
This will involve high CAPEX investment and disrupt mill 
operations along the way. Additionally, it will also require 
a lot of time for installation and commissioning. Instead of 
physically building the pilot plant, civil structure, spending 
lengthy amount of time on the project and performing 
actual experimentation; all of that can be done virtually 
in a work station computer with suitable and capable 
software. Modelling and simulation can be used in giving a 
tangible quantification of the project feasibility in bringing 
in money to the company. If it does not pass the modelling 
and simulation test, then it should be scrapped right away 
to prevent further losses.  Plus, we can also extrapolate 
the result and test the model thousands of times before 
deciding on the next step.

FULLY AUTOMATED MILL WITH ONLINE MONITORINg 
AND CONTROL SYSTEM
 
The palm oil industry is highly dependent on cheap manual 
labor. However, due to the 3D perception of it being 
dangerous, dirty and difficult, the locals have minimal 
involvement in the plantation sector. This issue has 
opened the door to foreign workers to work in the plantation 
sector especially in high labor demand operations such as 
harvesting, loose fruit collection and maintenance work. 
Nowadays, the labor shortage issue has become more 
serious as more Indonesians prefer to work for plantations 
in their hometown since they can obtain a slightly lower 
level of salary while being not too far away from their 
family. In any case, the palm oil industry cannot depend on 
cheap labor forever. Even China’s government is pushing 
towards a consumption-based economy to ensure a more 
socially inclusive and sustainable path of economic growth. 
In 2013, average monthly wages in China amounted to 
around USD600 which implies that Chinese wages are 
around three times higher than wages in Indonesia and 
Vietnam (Donaubauer and Drege, 2014). Additionally, 
families nowadays have fewer kids due to economic 
constraint and the younger generation tend to go for jobs 
in the urban community which makes this matter worse. 
Hence, the palm oil industry needs to be prepared with a 
potential remedy for labor shortage problem. Automation 
with centralised monitoring and control system can be the 
answer.

An automated system typically performs the 
manufacturing process with less variability than human 
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Possible Changes in Milling Technology 
via Industry 4.0
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Figure 1. Research and development pathway of new technologies.

labor resulting in greater consistency and predictability of 
product quality and quantity. With greater control of the 
process, errors and redundancies can be minimised. In 
addition, automation with Supervisory Control and Data 
Acquisition (SCADA) gives more data that can be used 
to measure all sorts of metrics and key performance 
indicators of the process. In this age of data science, 
machine learning and artificial intelligence (Ai), these data 
can be utilised to find hidden patterns and unexpected 
trends that can be utilised to create suitable business 
solution for process optimisation.

This is not the first time that the palm oil industry has 
tried to dip its toe into automation. We should learn from 
previous endeavors so that we can improve our chances 
this time round. In the past, the technology of sensors 
and actuators are not robust enough to withstand the 
working conditions in a mill. In addition, the cost of sensors 
and actuators are really expensive to be implemented 
throughout the mill. These have improved a lot with more 
economical and capable sensors and actuators emerging 
in the market. Connectivity of mill also needs to be 
improved at a level where the system can operate without 
lag. This was a big problem back then. However, it has 
since improved a lot with the evolution of new technologies.

Before this, there were not enough skilled technical 
workers to operate and execute preventive maintenance 
on machineries, network and automation. Depending 
wholly on external vendors is no longer viable in the long 
run. Hence, it is also essential that we equip our workforce 
with proper talents in these areas. Besides that, some of 

the machineries are not designed for automation. Some 
tweaking need to be done before the process can be 
automated as it will create a lot of problems when we want 
to transition it from manual to auto-mode. Before going 
for automation, manual processes need to be perfected 
in such a way that they would be robust enough to handle 
various kinds of conditions. 

CONCLUSION

Most of the recommendations presented in this paper have 
been used in other industries with incredible outcome. Even 
other vegetable oil producers especially from the western 
hemisphere are looking to improve their productions 
through the inclusion of Industry 4.0 technologies into 
their existing systems. The palm oil industry should also 
consider assessing the financial viability and effectiveness 
of these technologies in improving the eco-system of our 
process. For years, we have been fixated on improving 
the palm oil milling process through the same mechanical, 
chemical and biological means. These routes have 
literally become too saturated with only small windows of 
opportunity for improvement. On the other hand, Industry 
4.0 technologies revolves around technologies such as 
digitalisation, internet, automation, modelling and process 
control which holds untapped potential for the palm oil 
industry. The palm oil industry is actually still at the edge 
of Industry 2.0 going to Industry 3.0 which means there is 
a lot of catching up to do. Some of the recommendations 
in this paper such as online training is actually part of 
Industry 3.0 talking points but it is something that we need 
to attain before going for bigger challenges of Industry 4.0. 
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It is not going to be easy but we should start somewhere 
by considering to introduce any of these recommendations 
into our palm oil mills. The journey of a thousand miles 
begin with the first step.
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Special Taskforce on Clean Air 
Regulations: MPOB Kick-off Technical 
Evaluation of Air Pollution Control 
System for Palm Oil Mill Boilers
Nu’man Abdul Hadi*; Muzzammil Ngatiman* and Yahaya Hawari*
* Malaysian Palm Oil Board,
6, Persiaran Institusi, Bandar Baru Bangi, 43000 Kajang, Selangor, Malaysia.
E-mail: numan@mpob.gov.my

Boilers in palm oil mill are known to generate enormous 
amount of dust due to combustion of untreated biomass 
fuel for steam and power generation. Production of crude 
palm oil (CPO) through milling of oil palm fresh fruit bunch 
requires high-pressure steam, about 1-3 bar, mainly for 
sterilisation of fruit bunches and maintaining the processing 
line condition at above 90°C. Availability of boiler fuel is not 
a limiting factor for palm oil mills, as excessive amount of 
solid biomass waste-mainly pressed fibre, palm shell and 
empty bunch-are generated and utilised as boiler fuel. 
Combustion of solid biomass in water-tube boiler (most 
common for palm oil mills) generates coarse particles with 
more than 80% dust having particle size larger than 10 µm 
(Nur et al., 2005; Rashid et al., 1998).

Mechanical dust collector system such as vertical multi-
cyclone was generally used as it was suitable to handle 
coarse particles. It was also considered the best available 
technique for complying with the previous particulate matter 
(PM) limit of 400 mg Nm-3 in the emission smoke. However, 
with recent enforcement of Environmental Quality Act 
(Clean Air Regulation) 2014 with PM limit reduced to 150 
mg Nm-3, the current multi-cyclone system is no longer able 
to comply with the stringent limit, hence millers were urged 
to install advanced air pollution control system (APCS) 
such as mechanical re-cyclone, wet scrubber, horizontal 
multi-cyclone (Vorsep) and electrostatic precipitator (ESP) 
and bag filter (Figure 1).
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Figure 1. Various type of air pollution control systems for palm oil mills being evaluated.



Palm Oil Engineering Bulletin No. 134   [ 41 ] 

Special Taskforce on Clean Air Regulations: MPOB Kick-Off 
Technical Evaluation of Air Pollution Control System for 

Palm Oil Mill Boilers

However, the reported performances of the advanced 
APCS was based on other industries which have consistent 
fuel characteristics and were usually well treated prior 
to combustion. The reliability of the advanced APCS 
to comply with the new limit-more importantly, for many 
years of operations-is therefore doubted. The issues were 
brought to the attention of Ministry of Plantation Industry 
and Commodity (MPIC) and Ministry of Environment and 
Water (MEW) after continuous engagement among palm 
oil mill representatives, boiler manufacturers, Department 
of Environment (DOE) and Malaysian Palm Oil Board 
(MPOB) (Figure 2). The meeting which involved all related 
parties pertaining to the issue was held in March 2019 and 
it was agreed that palm oil mills be given an additional 30 
months period (until December 2021) to comply with the 
new regulation. Highlighted in this new regulation is the 
statement that palm oil mills are required to apply for ‘Lesen 
Pelanggaran Peraturan’ if their emission do not comply 
with the new limit of 150 mg Nm-3. At the same time, MPOB 
was given the responsibility to lead a taskforce to carry 
out technical evaluation study of various APCS at selected 
palm oil mills. The outcome of this study will serve as a 
practical guideline for millers prior to APCS installation.

Figure 2. Formation of a special taskforce on clean air regulations 
2014 in a meeting between ministries, government agencies and 

representatives from palm oil mills.

Figure 3. Isokinetic sampling equipment by AER Sampling LLC, USA 
used by the taskforce.

Figure 4. Theoretical classroom training for stack emission sampling.

Engineering and Processing Research Division of 
MPOB has planned to carry out this technical evaluation of 
various APCS by conducting frequent isokinetic sampling 
of emission smoke followed by measurement of its dust 
concentration using isokinetic sampling equipment by 
AER Sampling LLC, United States of America (Figure 
3). Assessment of boiler’s combustion configuration, 
fuels characteristics, routine maintenance of boilers 
and various other aspects will be included in this study. 
Consequently, a training program on stack emission 
sampling was conducted by AMR Environmental Sdn. 
Bhd.; one of the Environmental Impact Assessment (EIA) 
consultants registered with DOE. The training program 
includes theoretical classroom training (Figure 4), followed 
by hands-on practical training at actual sites in a palm oil 
mill (Figure 5). The stack emission sampling employed 
in this study follows Malaysian Standard MS 1596:2003 
(Confirmed 2013) (Determination of concentration and 
mass flow of particulate matter in flue gas for stationary 
source emissions). The method also agrees with methods 
set by US EPA (United States Environmental Protection 
Agency) (Method 1-5, 17) which covers isokinetic sampling 
of flue gas and determination of particulate emission from 
stationary sources with in-stack filtration method.

The first technical meeting of the Special Taskforce 
on Clean Air Regulation 2014 held in August 2019 agreed 
to carry out the evaluation of APCS at 16 palm oil mills 
as follows: wet scrubber (3 mills) Vorsep (5 mills), ESP 
1 field (1 mill), ESP 2 field (3 mills), ESP 3 fields (1 mill), 
ESP 4 field (1 mill), mechanical re-cyclone (1 mill) and 
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Figure 6. Isokinetic sampling of emission smoke and measurement of dust concentration at a palm oil mill using advanced APCS.

Figure 5. Hands-on training for stack emission sampling at a palm oil mill.

boiler optimisation (1 mill). Additional sites for technical 
evaluation of APCS could be later added based on 
necessity and further engagement with the committee 
members. The committee consists of representatives from 
Palm Oil Millers Association (POMA), Malaysian Palm 
Oil Association (MPOA), Sarawak Oil Palm Plantation 
Owners Association (SOPPOA), Sawit Kinabalu as well as 
DOE and MPOB.

A slight adjustment to the original technical evaluation 
schedule was made following the Covid-19 pandemic that 
forced the government of Malaysia to impose nationwide 

Movement Control Order (MCO). The first isokinetic 
sampling of emission smoke and measurement of dust 
concentration of ESP 1 field at palm oil mill was only able 
to be carried out in June 2020 when the MCO was relaxed. 
Isokinetic sampling main activities were including site 
preparation, positioning of sampling probe in the sampling 
port, manning the isokinetic sampling console and 
finally measurement of the dust concentration collected 
from the sampling (Figure 6). The team will continue its 
weekly assessment at the selected palm oil mills to fulfill 
the requirement of the taskforce. The evaluation study is 
expected to be completed by the end of December 2020.
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Rohaya M. Halim   Tel. No.: 03-8769 4457  •  Lim Soo Chin   Tel. No.: 03-8769 4676
E-mail:  milleng@mpob.gov.my

Advertising Schedule for MPOB Palm Oil Engineering Bulletin:

Rohaya M. Halim/Lim Soo Chin
Palm Oil Engineering Bulletin
Engineering and Processing Division
Malaysian Palm Oil Board (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.

* Made payable to ‘MALAYSIAN PALM OIL BOARD’ ✃

Issue Quarter Deadline for Registration
Deadline for
Submission of Artwork

135 Apr - June 2020 31 Apr 2020 31 May 2020

136 Jul - Sept 2020 31 Jul 2020 30 Aug 2020

137 Oct - Dec 2020 29 Oct 2020 30 Nov 2020

138 Jan - Mar 2021 31 Jan 2021 27 Feb 2021

MPOB PALM OIL ENGINEERING BULLETIN-FULL PAGE

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.

Thank you.

_________________________________
(Signature and Date)

_________________________________
(Company stamp)

AdvERTISEMEnT REPLY FORM
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Biogas Capturing Facilities in Palm Oil Mills: 
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