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POPSIG Newsletter, Issue 22

Editor’'s Message

2022 has been filled with a wide variety of POPSIG events. POPSIG takes this
great opportunity to thank our stakeholders and members for supporting us.

On 17 October 2022, IChemE announced that Sime Darby Plantation Research
Sdn Bhd won the IChemE Malaysia Palm Oil and Sustainability Awards 2022.
IOl Edible Oil Sdn Bhd received the Highly Commended prize at IChemE Ma-
laysia Palm Qil Award 2022. POPSIG warmly congratulated the two companies
for their excellent achievements in bringing positive impacts to the technological
development of palm oil industry.

The Oils and Fats International Congress (OFIC) 2022 organised by MOSTA
was officiated by the President of MOSTA YBhg Academician Tan Sri Emeritus
Professor Datuk Dr Augustine S H Ong. OFIC 2022 highlighted the potentials
and prospects of oil palm and its derived products.

NACES 2022 forum was organised with the theme of circular economy and in-
dustry symbiosis. The experts were invited to share what their organisations
have achieved and what further needed to be done.

In November webinar, Dr Mohd Lokman Ibrahim (Senior Lecturer at UiTM) pre-
sented the novel technique to convert PFAD to biodiesel by catalytic and photo-
catalytic processes. Mr Karthi Subramaniam (Senior Process Engineer at Des-
met Malaysia) delivered a talk at the student event in Heriot-Watt University Ma-
laysia, while Ir Dr Lim Chun Hsion (Assistant Professor at Heriot-Watt University
Malaysia) presented at the event in Xiamen University Malaysia.

POPSIG will reopen the applications for POPSIG Best Final Year Design
Award, Student Research Project Bursary, Student Bursary for Travel, Palm Oil
Video Competition, Infographic Competitions and many more from the first
quarter of 2023.

POPSIG would like to express our sincere appreciation to Desmet Malaysia
Sdn Bhd, Malaysian Palm Oil Council (MPOC), Kuala Lumpur-Kepong (KLK)
Oleomas Sdn Bhd and Malaysian Oleochemical Manufacturers Group (MOMG)
for their support to POPSIG. We wish everyone a very Happy New Year!

POPSIG gratefully acknowledges our sponsors

desmet “&© @ YMOMG

MPOC Malaysian Oleochemical Manufacturers Group
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SUMMARY

A Summary of the Opinion Piece

Malaysia and Indonesia are the largest exporters of palm oil products globally. In view of sustainability,
the industry is looking for ways to shift towards a circular economy. Circular economy involves the
circular flow of materials to help reduce, reuse, and optimise material production and consumption.
Therefore, the palm oil industry assumes an important role in producing sustainable palm oil products
and are positioned to advance circular economy practices in their operations. The palm oil value chain
covers three general stages: oil palm plantation, palm oil milling, and palm oil refining/processing.
Several current practices in each of these stages fall under the circular economy umbrella. This opinion
piece aimsto provides insight from the practitioner’s view on the industry’s current practices that are
circular, the opportunities for improved circular economy, and challenges that the industry must
tackle to expand circular economy further. Lastly, key recommendations are proposed at the end of this
opinion piece. This opinion piece points out areas where the industry can improve its resource efficiency
and minimise its waste. This is an important stride for the industry as it aligns with its current efforts to
make palm oil a more sustainablevalue chain.
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INTRODUCTION

A View on the Opinion Piece

002

In light of the world's shift to sustainable practices, circular economy has attracted significant attention
over the last few years. A circular economy entails the circular flow of materials to help reduce, reuse, and
optimise material production and consumption. Malaysia and Indonesia are the largest exporters of palm
oil products globally, covering over 36% of the world's vegetable oil consumption. The palm oil industry
has been a key economic contributor to these nations’ gross domestic product. It has played a significant
role in improving the economic welfare of people in these nations, lifting them out of poverty (New
Straits Times, 2017). Therefore, these nations assume an important role in producing sustainable palm oil
products and are positioned to advance circular economy practices in their operations. The palm oil value
chain covers three general stages; oil palm plantation, palm oil milling, and palm oil refining/processing.
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Several current practices in each of these stages fall under the circular economy umbrella. Despite
that, each value chain stage possesses unique opporetunities to further expand its circular economy
practices. Hence, it is important to identify the industry's current practices, opportunities, and barriers to
expanding its circular economy practices. This document provides insight on the industry's current
practices that are circular, the opportunities for improved circular economy, and challenges that the
industry must tackle to expand circular economy further. Doing this will allow the industry to improve its
resource efficiency and minimise its waste. This is an important stride for the industry as it aligns with its
current efforts to make palm oil a more sustainable value chain.
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THE KEY CONCEPT OF CIRCULAR ECONOMY

Circular economy is “a model of production and consumption, which involves sharing, leasing, reusing,
repairing, refurbishing and recycling existing materials and products as long as possible. In this way, the
life cycle of products is extended” [1]. A circular economy entails three key principles, which are 1)
eliminating waste and pollution, 2) circulating products and materials (i.e., recycling), and 3) regeneration.
In eliminating waste and pollution, waste and pollution is designed out of a given process. In other words,
a process is designed in such a way that it is able to eliminate waste and pollution at the start [2]. As for
recycling, the goal is to keep circulating materials within the process as a product. However, if the
product can no longer be used, it can be used as raw materials for another process [3]. Lastly,
regeneration involves regenerating nature by restoring its properties [4].
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CURRENT CIRCULAR ECONOMY
PRACTICES PRODUCTION

Currently, there are several Circular Economy Activities had been applied in the palm oil value
chain.The following provides a brief overview of the current practices in each value chain stage
and maps out their connection to circular economy.

PLANTATIONS

Strictly Confidential, For Recipient Only



POPSIG Newsletter, Issue 22

IChemE .

Palm Oil Processing
Special Interest Group

CURRENT CIRCULAR ECONOMY
PRACTICES PRODUCTION

Currently, there are several Circular Economy Activities had been applied in the palm oil value
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CURRENT CIRCULAR ECONOMY
PRACTICES PRODUCTION

Currently, there are several Circular Economy Activities had been applied in the palm oil value
chain.The following provides a brief overview of the current practices in each value chain stage
and maps out their connection to circular economy.
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PRACTICES PRODUCTION

Currently, there are several Circular Economy Activities had been applied in the palm oil value
chain.The following provides a brief overview of the current practices in each value chain stage
and maps out their connection to circular economy.
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OPPORTUNITIES FOR CIRCULAR ECONOMY

A Brief Story About The Opportunities

Other than the previously highlighted applications, there is potential for the palm oil industry to expand
its circular economy operations. The following summarises key opportunities for expanding circular
economy in the sector. These opportunities are included based on the eliminating waste and pollution,
recyle and regeneration principles in circular economy.
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OPPORTUNITIES FOR CIRCULAR ECONOMY

A Brief Story About The Opportunities

Other than the previously highlighted applications, there is huge potential for the palm oil industry to
expand its circular economy operations. The following summarises key opportunities for expanding
circular economy in the sector
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OPPORTUNITIES FOR CIRCULAR ECONOMY

A Brief Story About The Opportunities

Other than the previously highlighted applications, there is huge potential for the palm oil industry to
expand its circular economy operations. The following summarises key opportunities for expanding
circular economy in the sector
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PRODUCING BIODIESEL FROM USED
COOKING OIL

Used cooking oil (made from palm oil} can also

be used to to produce biodiesel. This

; addresses the disposal of used cooking oil info

LUCISE.E blﬂ'ﬂjﬂu - P|L]ﬂ|:.u the waterways and further reduces GHG

aqriculeure 2 'C_ . emissions.

“>=» PRODUCING BIODIESEL FROM e —
Li[0]Y REFINERY WASTES ;

Blending Palm Fatly acid Disfillates (PFAD)
into biodiesel enablescarbon footprint
reduction by its use in the transportation of
oil palm products and raw materials [].

PRODUCING NUTRIENTS, FOOD

@ INGREDIENTS, ADDITIVES
Mew process routes can also be factored to
increase the product pallet:

« Phospholipids of palm oil origin to produce

lecithin [7,8]
= POME to -carotene - a natural antioxidant.
« oPalm Pressed Fibre and PFAD to

focotrienol, tocopherols and tocomonoenols
by means of extraction [3,10].
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OPPORTUNITIES FOR CIRCULAR ECONOMY

A Brief Story About The Opportunities

Other than the previously highlighted applications, there is huge potential for the palm oil industry to
expand its circular economy operations. The following summarises key opportunities for expanding
circular economy in the sector
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CHALLENGES

A Brief Story About The Challenges

The opportunities presented previously provide a basis for further exploration in the industry.
However, these opportunities face challenges that need to be addressed. The following offers an
overview of focus areas where further improvements can be made in order to push the industry to
increase its circular economy activities.

e)

@ TECHNOLOGY MATURITY

The opportunities proposed may have high
potential but experience various levels of
maturity. Some of these technologies may
be at the development stage and are not
ready for industrial scale implementation.

~ LABOUR SHORTAGE

‘The expansion of circular economy and
waste valorisation practices may require
deployment of new technologies. This will
require more labour and expertise on site to
monitor and operate these technologies. At
the present time, the industry is facing
major challenges in securing labour for daily
operations. Automation and digitalisation
are an urgent need to address labour issues
[11).

HIGH COST OF NEW
== PROCESSING ROUTES

The cost of expanding operations in the palm
oil industry is still a key driving factor. New
technologies to implement further circular
economy pose a financial risk. This
discourages stakeholders in the palm ail
industry from investing in new processing
routes

Strictly Confidential, For Recipient Only
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CHALLENGES

A Brief Story About The Challenges

The opportunities presented previously provide a basis for further exploration in the industry.
However, these opportunities face challenges that need to be addressed. The following offers an
overview of focus areas where further improvements can be made in order to push the industry to
increase its circular economy activities.

QUANTIFYING CIRCULARITY

There is a need for a framework to quantify
circularity. In other words, it is important for the
industry to have a tested framework on what is
deemed as sustainable and acceptable circularity.
At the moment, frameworks are theoretical and
have not been tested in the palm oil industry.

There is also an underlying question on the
scope of circular economy within the industry -
Would circular economy requirements be imposed

on the industry, or will there be specific
requirements assigned to each company in the
industry?

&% TRACKING OF CREDITS

With regard to the POPC, the challenge is to
quantify the benefit for operators to cooperate.
These benefits may be monetary or
envionmental, but the uncertainty behind who
reaps the benefits is an important issue.

In the case of a POPC, operators may closely
integrate their operations to improve circular
economy and reduce emissions. Important
certification practices are gamning traction in the
industry (e.g., Malaysia Sustainable Palm Oil
Certification). Such certification incentivises

operators to move their operations towards
sustainable practices. However, the question
remains on who among these operators will
receive the premium or credit for such
operations, especially when sharing of
resources are involved

Strictly Confidential, For Recipient Only
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RECOMMENDATION

A Brief Story About The Recommendations

Key recommendations have been identified to address the focus areas discussed above;

;v e

Research and Development Support ‘
R&D support and subsidy/financing for new
technologies are necessary to help new processing

.
. ie
routes reach sufficient maturity for industrial

Tl v

Industrial Revolution 4.0

Labour shortages suggest that it is appropriate to
move the industry towards automation and
digitalisation. This will encompass the increasing
use of drones and robotics within in a framework
of IR 4.0 to perform operations in the industry.
This will help reduce the reliance on low-skilled
labour vacancies and focus on generating high
skilled opportunities to attract high skilled
workers to the industry. In conjunction with this,
labour upskilling programmes can be launched so
that current employees can access higher-level
skills.

Strictly Confidential, For Recipient Only
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RECOMMENDATION

A Brief Story About The Recommendations

Key recommendations have been identified to address the focus areas discussed above;

Performance Indicator

Key performance indicators for circularity should
be given attention so that the industry can better
understand what is required to achieve higher
levels of circular economy. Possible
considerations may include (but are not limited
to) overall process efficiency, percentage
circularity per unit product, net emissions or
water footprint per unit product.

Incentive

A monetary mechanism or framework must be put in
place to incentivise stakeholders to implement circular
economy including the utilization of new technologies.
Doing so will reduce the high cost of new processing
routes and increase involvement from stakeholders in the
industry. Such framework should explicitly also define the
scope for circular economy. This means that circularity
targets and the actors responsible for meeting them must
be clearly defined. In addition, the proposed framework
must facilitate the tracking of credits within the palm oil
value chain. Upon tracking, a fair mechanism must be put
in place to allocate the beneficaries of the premiums
received when implementing circular economy.

Strictly Confidential, For Recipient Only
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Webinar: Conversion of Refinery By-Product PFAD to Biodiesel

by Catalytic and Photocatalytic Processes

On 07 November 2022, Dr Mohd Lokman Ibrahim, Senior Lecturer at Universiti Teknologi MARA (UiTM), Malaysia delivered a
webinar to discuss about the photocatalytic reaction to convert PFAD into biodiesel. The webinar recorded 37 online partici-
pants.

With heterogenous catalytic reaction, Lokman demonstrated that the microwave and supercritical methanol systems increased
the esterification reaction rate of PFAD.

Photocatalyst offers low cost, environment friendliness, complete degradation of pollutants, no production of secondary pollu-
tions, and good performance for removing heavy metals in aqueous solution.

SOPB also launched and implements NDPE Policy throughout supply chain for the conservation of life on land. Internal career
development programme is provided to deliver decent work experiences. Palm biomass is recycled to produce renewable
energy. SOPB is committed to produce and sell high-quality products with sustainability certification.

Lokman emphasised that biodiesel needs to meet the international standard with the following reasons:

o Improve health and safety
3 i 0
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Figure: Schematic illustration of thermal and photocatalytic biodiesel production mechanism
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Figure 2: Fuel properties of PFAD biodiesel (Lokman, 2022)
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Webinar: National Chemical Engineering Symposium (NACES)

2022 Circular Economy Forum
By Ir Qua Kiat Seng

In this forum the panelists are from the major plantation
groups that have integrated operations across the supply
chain. They are committed to combating climate change and
its impacts. To this end they are already practicing reduce,
reuse and recycle. In some instances they have gone further
by exchanging waste and by-products with at least three par-
ties thereby meeting the definition of industry symbiosis.

In Malaysia industrial parks that promote industry symbiosis
are rare. In Sabah the POIC (Palm Oil Industrial Cluster) La-
had Datu is such a park that houses production of biodiesel,
refinery, fertilizer, palm kernel crushing, warehousing, power
plant, bulking installations, spent bleaching earth oil (SBEO)
extraction, palm pellet/fibre, packing of cooking oil, processing
and packaging of PKS & EFB etc. Recent site developments
see Shell buying up Ecooils Sdn Bhd (SBEO extraction) and
Gamalux Oils Sdn Bhd (also SBEO extraction) setting up a
new oleochemical plant.

The panelists say that geographic proximity is not a necessity
when it was pointed out that mills can be remote and refiner-
ies and oleochemical plants are located near ports. As the
throughput of refineries increased tremendously it became
near impossible to be supplied by just nearby mills. The mill
has to be close to the estate as they are handling a large vol-
ume of FFB to produce just 22% of oil. Circular economy
does not imply that it has to be local but where a material gets
reused as much as possible and there is a value is using that
material. So circular economy will still work whether it is re-

gional, national and even global.

It is possible to work as a cluster where several mills send
their biomass to a power generator near the grid. Mills are
often in remote areas far from the grid and the electricity com-
pany is reluctant to lay cables to these mills. The solution is
for the mills to send their biomass to the grid, literally, to green
the grid. The mills get paid and they help the nation’s net-zero
aspiration.
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There is abundance of palm biomass at nearly 180 million
tonnes per annum valued at least RM10 billion that is largely
unused. PKS is exported to Japan for their power plants and it
makes an ideal mixture with coal for co-firing, allowing the
plants to reduce their GHG footprint. Carbon pricing might in
the future make it attractive for PKS to be retained in Malay-
sia.

Mills have the potential to not only be net-zero but make the
electricity grid more green. Using a 60 tonne per hour mill as
an example, the biogas from the POME treatment can gener-
ate 6MW of electricity. As the mill needs only 1.5MW the ex-
cess 4.5MW could be exported to the grid. As a result the mill
does not have to burn EFB, MF and PKS which it can sell as
biofuel. It does not make sense to send PKS to Japan incur-
ring GHG emissions in shipping when it could be used to
make our grid greener eg co-firing our coal power plants and
helping Malaysia towards becoming carbon-neutral.

Industries should be willing to use the excess biomass. The
cement industry use coal and should be happy to use bio-
mass to reduce their GHG foot print. The Taiko bleaching
earth plant in Indonesia uses biomass. Unilever Oleochemi-
cals Indonesia uses PKS for their thermal oil heating.
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The just launched National Energy Policy (DTN) 2022-2040
under Action Plan A6 led by MPIC is to enhance and unlock
indigenous bio-based energy. The many stakeholders besides
those from the palm oil industry will promote industry symbio-
sis as the nation moves towards its carbon-neutral goal of
2050.

Biomass is not only suitable for energy. Non-energy applica-
tions include oil palm trunks for furniture and EFB for paper.

Leading companies like Sime Darby, IOl and KLK are already
practicing circular economy. Within the palm oil industry they
can show other players by their example that it can be done.
Outside the palm oil industry they are demonstrating how to
engage these players as stakeholders profitably whilst reduc-
ing their GHG emissions.
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Roadshow: Herriot-Watt University Malaysia

IChemE’s Palm Oil Processing Special Interest Group (POPSIG), in collaboration with MPOC, organised Palm Oil Educational
Roadshow at Heriot-Watt University Malaysia on 16 November 2022. The event recorded 20 participants.

The highlight of the event was the presentation by Mr. Karthi Subramaniam, Senior Process Engineer (Oleo Chemicals) at
Desmet Malaysia Sdn Bhd. His presentation title was Edible Oil Processing.

The speaker presented the differences between soft and hard oils, refining process involving water degumming, neutralisation,
bleaching and deodorisation. He also demonstrated the roles of chemical engineer in process design.

The participants shared their opinions about the sustainable technology to produce edible oils. Mr. Subramaniam also clarified
the operating pressure range of deodoriser and the importance of water degumming in the palm oil processing.
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Roadshow: Xiamen University Malaysia

IChemE’s Palm Oil Processing Special Interest Group (POPSIG), in collaboration with MPOC, organised Palm Oil Educational
Roadshow at Xiamen University Malaysia on 5 December 2022. The event recorded 30 participants.

The highlight of the event was the presentation by Ir. Dr. Lim Chun Hsion, Assistant Professor at Heriot-Watt University Malay-
sia. His presentation title was The Potential and Challenges of Industry 4.0 in the Palm Oil Industry.

The speaker presented the optimisation method using mathematical modelling on oil palm harvesting and evacuation path. He
also showed the challenges with smart computational technologies.

The participants shared their concerns about the drawbacks of the Industry 4.0 technology. Dr. Lim justified that the sustaina-
bility analysis was conducted based on ROl index, exposure time index and carbon footprint index.
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Article: Phycoremediation As An A Post-Treatment of Palm Oil
Mill Effluent (POME)

Written by Ng Sheng Tat
(USCI University)

POME is a brownish colloidal slurry generated from the palm
oil industry during the crude palm oil extraction phase. It pos-
es great environmental concerns due to its physiochemical
properties that do not align with the legal wastewater dis-
charge values set by the Department of Environment (DOE).
Typically, it composes of 40500 mg/L total solids, 4000 mg/L
of oily content, 50000 mg/L of Chemical Oxygen Demand
(COD), and 25000 mg/L of BOD (Biological Oxygen Demand)
(Tan, Wan Maznah, et al., 2022). COD is a measure of the
oxygen amount required in the chemical oxidation process to
break down the organic matter present in the water, while
BOD is a measure of the oxygen amount required by microor-
ganisms required to decompose organic matter through aero-
bic reaction. Annually, Malaysia alone produces approximate-
ly 50 million tons of POME and the trend is increasing due to
the increase in the demand for palm oil products (Akhbari et
al., 2019). Despite its detrimental environmental effects, the
most conventional treatment method applied to POME is open
ponding, which often fails to meet the legal requirements for
wastewater discharge and is characterized by a high retention
time of up to months. In Malaysia, more than 85% of POME is
treated using this method (Tan, Wan Maznah, et al., 2022). As
a result, a variety of post-treatment methods are being dis-
cussed to be implemented after open ponding treatment, as
shown in Figure 1 below. In this article, the phycoremediation
of POME will be discussed.

Phycoremediation is a biological treatment method that utiliz-
es macro- or microalgae to remove waste components in the
midst of encouraging the growth of the algae. The intuition of
treating POME via phycoremediation comes from the fact that
digested POME is a suitable medium for the growth of micro-
algae. Partially treated POME has excessive nitrogen and
phosphorus content which polluted the water supply. Algae
could utilize these organic and inorganic pollutants for their
growth, naturally circulating the nutrients. This approach is
cost-effective as it essentially does not require any auxiliary
energy for the treatment, generating no secondary pollution.
In a study comparing the suitability of Chlorococcum oleofa-
ciens, Chlorella sorokiniana, and Scenedesmus quadricauda
as the potential green microalgae for treating POME, it is
found that Chlorococcum oleofaciens has demonstrated an
exceptional growth rate of nearing 0.32 d-1 in lab scale treat-
ed POME, and successfully reduce the phosphorus, and nitro-
gen level up to 90 % removal, and achieve 65% of removal of
soluble chemical oxygen demand (SCOD) (Tan, Lalung, et al.,
2022).
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Treating POME using phycoremediation method is especially
attractive as the growth of algae in POME while utilizing the
waste components helps in mitigating global warming by us-
ing atmospheric carbon dioxide as the raw material for growth
(Tsai et al., 2017). As such, it helps in sequestrating carbon
and producing oxygen during its growth which is driven by
photosynthesis. The simplified nutrient uptake by a microal-
gae cell during photosynthesis is presented in Figure 2. The
resulting algae can be used as feedstock for fertilizers or bio-
fuel production. Recently, researchers have shifted their atten-
tion to investigate the feasibility of transferring the high-energy
state electrons produced during photosynthesis to an electron
mediator and subsequently an electrode. Upon completing the
circuit, bioelectricity will be produced making it a microbial fuel
cell (Ng et al., 2021). This is done by attaching a biophotovol-
taic (BPV) device to microalgae for power generation. There is
also rising attention to investigating if Haematococcus pluvial-
is and Chromochloris zofingiensis are suitable microalgae for
POME treatment (Fernando et al., 2021). This is because they
are the prospective sources of natural astaxanthin, which is
an antioxidant used for curbing Parkinson’s and Alzheimer’s
diseases, and even delaying the growth of cancerous cells
(Fernando et al., 2021). Wastewater as the medium for such
microalgae provides low-cost essential nutrients and water for
their growth while treating the wastewater. Figure 3 demon-
strates the positive growth of microalgae in different media.

Raw
POME

l Primary Treatment |—I Anaerobic System |

l

Secondary Treatment I—l Aerobic System |

}

Tertiary Treatment /

Post Physical Methods Physioch
. Methods
Chemical Methods
Biological Methods Bacteria |

Figure 1: Potential POME post-treatment methods to be ap-
plied (Tan, Wan Maznah, et al., 2022).

Phytoremediation
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The feasibility of treating POME using the phycoremediation
method is still in the infancy stage whereby there are a few
challenges that need to be overcome before its practical im-
plementation. The POME is a brownish-cloudy wastewater
with limited light penetration. The photosynthesis rate of algae
for their growth is highly dependent on the light intensity, and
for their maximum growth, the light intensity reaching the cells
should be enhanced. The easiest method is to pre-treat the
wastewater, which might be time, resource, or cost
consuming. For instance, diluting water for light penetration is
water-consuming and not practical as it reduces the concen-
tration of the nutrients that spurs the growth of the algae. The
growth of algae is highly sensitive to the environmental condi-
tion of the medium. Factors such as pH, temperature, and
nutrient concentration need to be optimized for the growth of
the algae. Most of the algae have optimum growth at a pH
range from 8.2 to 8.7, while the pH of POME may be as low
as 4, demanding a preliminary treatment before phycoremedi-
ation (Tan, Wan Maznah, et al., 2022). The growth rate of the
f the algae could be inhibited by the form of nutrients that is
not bioavailable, which the algae difficult to uptake those nutri-
ents. There is also difficulty in controlling the algal growth and
harvesting the algae biomass once they are implemented on a
large scale. This could lead to eutrophication if left uncon-
trolled.
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Figure 2: Nutrient uptake by microalgae in photosynthesis
(Tan, Wan Maznah, et al., 2022).

In a nutshell, phycoremediation is one of the potential solu-
tions to treat POME in light of its environmental friendliness
which is aligning with the goal of the circular economy. Never-
theless, findings from the research are much needed to imple-
ment this method on a practical scale. Researchers should
focus on finding a suitable species of algae that is well-suited
to survive and thrive in the POME environment. There is also
a need to investigate if phycoremediation could be used as a
stand-alone treatment without the need for pretreating the
POME. All the challenges mentioned above should be suffi-
ciently addressed so that the benefits of this treatment could
be fully leveraged.
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Figure 3: Growth curves of (a) H. pluvialis and (b) C. zofingiensis cultivated in Bold’s Basal Medium (BBM) and 2.5%, 5.0%
and 7.5% palm oil mill effluent (POME) (Fernando et al., 2021).
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Article: Overcoming the Uncertainties in Sustainable Palm Oil
Production with Machine Learning

Written by Yeow Teck Ann
(Xiamen University Malaysia)

Oil palm is one of the most valuable energy crops. Oil palm is found to have one of the highest oil productivity among all the
energy crops - producing 3.62 ton per hectare per year as shown in Figure 1 [1]. Palm oil is also an important manufacturing
raw material for many chemical and edible oil products. In addition to that, the fibrous palm biomass waste generated can be
supplied as the abundant raw material for thermal degradation energy generation. Due to such high commercial value, a surg-
ing trend in palm oil plantation has been observed.
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Figure 1: Comparison of oil productivity between energy crops [1,2,3]

The recent expansion of palm oil plantation has resulted in severe environmental impacts due to rapid deforestation. In the
effort to stop deforestation, the European Parliament has even voted to forbid the use of palm oil for biodiesel production [4].
Due to the international pressure, both Malaysia and Indonesia, the major palm oil players have passed Malaysia Sustainable
Palm Oil (MSPO) and Indonesia Sustainable Palm Qil (ISPO) scheme respectively to ensure the sustainability of palm oil pro-
duction. In Malaysia, the MSPO has been launched in 2013 to promote the production of Certified Sustainable Palm Oil
(CSPO). However, the monitoring of CSPO production faces challenges as its production is associated with high inconsisten-
cy and uncertainty. The production of palm oil starts from the plantation, followed by harvesting and milling of the palm fruit for
palm oil extraction. Different parameters need to be gauged at each stage, hence, generating different types of data. In gen-
eral, these parameters can be classified into two groups, in which the first group consists of those that affect the yield of palm
fruit bunch and the second group that consists of those that affect the quality of extracted oil and its oil recovery rate (OER) in
the milling process. Both groups have been summarised in Table 1 and 2 respectively with their effect studied to the overall
CSPO production.

The parameters listed in Table 1 and 2 are just a few of many that would influence the overall CSPO production. More com-
prehensive reviews of the influencing parameters could be found in [17] and [33]. As seen from both tables, each parameter is
being quantified differently thus they would result in the collection of different form of data. Such inconsistent set of data can-
not be easily interpreted by the conventional analytical tools and thus hindering the prediction for CSPO production. Therefore,
the adoption of Industrial Revolution 4.0 (IR 4.0) technologies by the palm oil sector for the handling of these complex datais
inevitable for forecasting purposes [40].
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Lately, machine learning has received a lot of attention and it has been applied successfully in many fields. Machine learning
algorithm exploits mathematical operations to train machines to ‘learn’ through data. The machine gains ‘experience’ by simply
learning the correlation between the input and output through mathematical operations while ignoring the mechanisms be-
tween them as shown in Figure 2. This simplifies the prediction process for complex problems. Since the production of CSPO
is associated with high uncertainties, machine learning will be helpful as it allows the researchers to estimate the outcome of
the problems without being needed to go through a series of intensive manual analysis. Most importantly, machine learning
does not restrict the type of input data unlike the conventional analytical tools. Apart from the empirical (numerical) data, data
in the image and audio format can also be fed to the algorithms, enhancing the flexibility for data collection. Therefore, ma-
chine learning could be one of the most important IR 4.0 tools to make the production of CSPO more predictable.

— T
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—
> A » Output
Training / Prediction
Xn F(x)
Input

Figure 2: The learning process of the typical ‘supervised’ machine learning algorithm

Several machine learning algorithms have been applied to forecast the production of palm oil. For instance, Bayesian network
trained by a range of environment, agronomic and management data for the prediction of oil palm yield had reached an accu-
racy of 75% [41]. The palm oil plantation owners could exploit this model to better monitor the production of oil palm based on
their desired yield level. Another study conducted to predict the ripeness of fresh fruit bunch (FFB) based on real FFB images
using artificial neural network (ANN) achieved overall accuracy of 70% [42]. The use of FFB images as the training data by the
ANN allows better prediction than the conventional linear regression model which relies on empirical input data. This would
allow the farmers in making more informed decision while avoid harvesting juvenile FFB. Despite that, the images of FFB are
more easily available than other empirical parameters and thus, accelerating the process for data collection and model train-
ing. In addition to that, the convolutional neural network (CNN) had been applied to classify juvenile and mature oil palm from
other crops, reaching accuracy of close to 96% and 93% respectively [43]. In essence, the machine learning algorithms could
potentially improve the production of CSPO by allowing the researchers in utilising various unstructured data that are easily
available from palm oil plantation fields and palm oil mills.

However, as a saying goes, ‘garbage in and garbage out’. If the data fed to the machine learning algorithms is not representa-
tive and accurate, it would result in poor prediction by these algorithms. Therefore, the quality of the collected data must be
assured. Instead of relying on labour for data collection which is prone to errors, Internet of Things (loT) sensors could be em-
ployed to collect data with higher precision. However, the affordability of loT sensors by the small-medium-enterprises (SME)
in the palm oil sector imposes challenges for the adoption of machine learning. In addition to that, most of the technicians in
the current palm oil sector are not familiar with such technology and would require intensive training. It is recommended that
the government should step in and provide the necessary assistance such as monetary and technical supports for these en-
terprises to overcome the technological transition.
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Table 1: Significant parameters that affect the palm fruit bunch yield

Parameter

Studied effect

Related references

Solar radiation The reduction in 3 MJ of solar radiation m"day‘1 due to haze | [5, 6, 7, 8]
would result in 15-20% annual fruit bunch yield loss.
Cultivating tempera- | The cultivating temperature at 20 and 17.5 ‘C would cause | [9, 10, 11]

ture

three and seven times slower seedling growth than at 25 “C.
At 15 °C, seedling growth will be inhibited.

Soil condition

Type of soil would affect the fruit bunch yield. For instance,
shallow soil could yield less than 30 ton ha™'year” of fruit
bunches, biochemically constrained soil could yield 20-30
ton ha''year” of fruit bunches. On the other hand, some
soils are not suitable for oil palm plantation such as course
and sandy soil, and heavy clays would result in large yield
loss.

5, 12, 13, 14, 15, 16]

Micro-nutrient sup-
ply through fertilisa-
tion

Micro-nutrient such as nitrogen, phosphorous, potassium,
boron, copper and zinc have significant impact to the growth
of the oil palm. Deficiency or over-supply of these nutrients
would result in imbalanced growth of oil palm. Detailed ef-
fect about each nutrient can be found in the reference.

[17]

Frond quantity of oil
palm

The quantity of frond would indicate the frequency of prun-
ing carried out on the particular oil palm. The more the
fronds are found on an oil palm, the less frequent the prun-
ing is done to it. Over-pruned oil palm tends to yield scarcer
fruit bunches. For instance, oil palm with frond quantity of 8,
16, 24, 32 and 40 yielded 2, 12, 19, 24 and 25 ton of fruit
bunches per hectare of land occupied.

[9, 18, 19]

Pest

The existence of pest would deteriorate the growth of oil
palm and eventually leads to fruit bunch yield loss. For in-
stance, in a year, leave-eating insect would cause up to
50% vyield loss, oryctes would cause about 50% yield loss
and rats would cause about 5% vyield loss.

[20, 21, 22, 23, 24, 25,
26]

Fruit bunch harvest-
ing interval

The yield of fruit bunches was increased by 5-20% when the
harvesting interval was reduced from 14 to 10 days.

[27, 28, 29, 30]

Ripeness ratio of
palm fruit

A ripe palm fruit would consist of 58.3% lipid content while
the under-ripe palm fruit would only consist 6% lipid and up
to 80% of water. However, current practice is that most
farmers reap palm fruit based on the observation of palm
fruit's colour which is rather subjective to one’s eyesight.
Inexperienced farmers tend to reap under-ripe palm fruit
resulting in overall oil yield loss.

[31]
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Loose fruits

Loose fruitlets are always found to be scattered in the ground
of the plantation area. These fruitless are detached naturally
from the fruit bunch and normally not collected. It was estimat-
ed that these loose fruitlets would have accounted for 4-6% of

[32]

Table 2: Significant parameters that affect the quality of extracted oil and its oil extraction rate (OER) in milling process

Parameter

Studied effect

Related

references

Time interval be-
tween harvesting of
palm fruit and fruit
reception at palm oil
mill

The total duration needed to deliver the palm fruits to palm oil
mill must be monitored stringently and kept at minimal. The
quality of oil extracted from fresh fruit bunch would deteriorate
as the result of oil hydrolysis by the naturally occurring lipase
found in the fruit bunches. On the other hand, the loose fruits
would also need to be milled as soon as possible to avoid oxi-
dation from taking place which deteriorate the quality of oil
extracted.

[32, 33]

Amount of impurities
in the oil extracted

The amount of impurities in crude palm oil extracted should be
limited. These impurities usually cause poor quality of the final
oil produced. Based on Malaysian standard, content of free
fatty  acid, moistures, glycidyl  esters  and 3-
monochloropropanediol should be limited at 5%, 0.25%, 1 ppm
and 2.5 ppm respectively.

(34]

Operating conditions
and duration during
the sterilisation of
fruit bunches

Typically, in the sterilisation of palm fruits will be carried out
with steam at 2-2.8 barg in the duration of 60-90 minutes.
However, such long duration of sterilisation process tends to
damage those loose and under-ripe fruits and their oil being
released into the condensate causing oil loss. Other research-
ers proposed that shorter sterilisation period with higher tem-
perature would increase the OER.

[17, 35, 36]

Operating pressure
during the pressing of
the palm fruitlets

After digestion, the pulverised fruitlets would be pressed for oil
extraction using either single or double-screw press. The pres-
sure of the press must be controlled so that it does not break
the nuts which contain high amount of lauric acid which is a
source of contamination to the oil extracted.

[37]

Solvent chosen for
residual oil recovery
from palm waste

The major palm waste produced from palm oil mill are the
empty fruit bunch (EFB), press fibre (PF) and POME sludge.
These three sources of waste would cause 1.6% of oil loss
and thus, it is imperative to recover the residual oil from them.
Most commonly applied recovery technique is the solvent ex-
traction. Therefore, the selection of solvent becomes critical.
For instance, recovering oil from EFB by applying n-hexane
would improve OER by 0.5% as compared to subcritical water
which improved only 0.34%.

[17, 38, 39]
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News: IChemE Malaysia Palm Oil Award 2022: Sime Darby Planta-

tion Research Sdn Bhd crowned the winner of the year while 10l
Edible Oils Sdn Bhd named Highly Commended recipient

As the world transitions into a low-carbon or carbon neutral
economy, businesses are driven towards ensuring that their
processes and production comply to relevant environmental
and sustainability standards. Sime Darby Plantation (SDP)
has long committed to sustainable practices and continue to
play a leading role in shaping a sustainable future for the palm
oil industry. Through its Research and Development initia-
tives, both direct and indirect environment as well as sustaina-
bility targeted outcome have been achieved in the past. One
of the innovative breakthroughs in milling process efficiency
improvement is a process developed by Sime Darby Planta-
tion Research (SDPR) and Novozymes, an enzyme develop-
er, on the application of bio-based enzymes to enhance oil
recovery. The combination of a bio-based raw material and
the expected increase in oil recovery aligns well to the overall
objectives of sustainable operations and carbon neutrality.
The enzymes in this innovation are designed to release
trapped residual oil in unbroken cells that are found in the
process fluids arriving from the mill's press operations. The
enzyme features thermophilic properties that enables dosing
into the Diluted Crude Oil (DCO) prior to entering the Vertical
Clarifier Tank (VCT). The key highlights of the innovation,
apart from the enzyme design, is the standalone dosing sys-
tem that consist of an enzyme skid, dosing pump, an inline
mixer and an automated process management system that
ensures optimum dosing rates and data analysis with minimal
human intervention. The enzyme treatment operates on a four
to six hour targeted “process window” that is available be-
tween the dosing point and separation process in the VCT.
The outcome is the realization of additional free oil at the top
layer of the VCT and reduced amount of trapped oil in the

Fresh fruit bunch

Sterilisation

Threshing

Figure 1: Process flow of enzyme application at palm oil mill.
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emulsion layer and tank underflow. The process can be easily
adopted due to relatively low investment cost on the retrofits
required to the existing milling process. Implementation of the
enzyme programme has been carried out on a commercial
scale at SDP oil mills since 2020. The measurement of suc-
cess of the programme is in the oil extraction rate (OER)
achieved at the respective mills. To-date, average OER incre-
ments of 0.72% have been recorded for the 10 SDP mills in-
stalled with the dosing system. Revenue generation from the
dosing programme is estimated at RM6.0 million/mill/year for
SDP and, potentially RM2 billion/year, if deployed in all oil
palm mills in Malaysia. On top of owning the intellectual rights
(IP) of the current enzyme dosing system, SDP continues to
develop solutions to enhance milling processes, especially on
the use of enzymes with robust features such as temperature
tolerance or satisfactory effectiveness at lower temperature
environments. The enzyme application methods would also
require further R&D work to explore effectiveness at the differ-
ent milling process stages. Recently, the SDPR bio-enzyme
team was acknowledged for their efforts in the enzyme devel-
opment programme at SDP. The team received IChemE Ma-
laysia’'s awards in 2 categories: Palm Oil and Sustainability.
As local winners of the award, SDPR is automatically shortlist-
ed as one of the contenders representing Malaysia for the
Sustainability Award at IChemE Global Awards which will be
held in Manchester, UK, on the 17th of November, 2022. The
award is a recognition and at the same time, a motivation for
the team to continue its journey towards rolling out more R&D
initiatives that will realize larger sustainable and environmen-
tal goals for SDP. It is a privilege and honour to represent
Malaysia and the Palm Oil Industry at an international event.
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Sime Darby Plantation Research
Sdn Bhd

Enzyme Application at Diluted Crude Oil

Project team :
* From left to right: Muliadi Mustaner,
Dr Shiraz Aris, Nik Suhaimi, Mohammed
Faisal, Hemavathi Silvamany, Aiman Hakim
* Not in picture: Nik Farid Mat Yassin, Dr Izhar
Khairi

Process flow of Enzyme application at Palm Oil Mill
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News: Congratulations YAB Dato’s Sri Haji Fadillah bin Haji Yusof
on his new appointment as the Deputy Prime Minister of Malaysia
and Minister of Plantation and Commodities
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YAB Dato’ Sri Haji Fadillah bin Haiji Yusof
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News: Congratulations YB Datuk Siti Aminah Aching on her new
appointment as the Deputy Minister of Plantation and
Commodities
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News: Congratulations YBhg Datuk Zurinah Binti Pawanteh on

her new role as the Secretary General of KPK

KEMENTERIAN PERLADANGAN
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Selamat
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YBhg. Datuk Zurinah binti Pawanteh
IKHLAS DARIPADA Ketua Setiausaha

WARGA KEMENTERIAN PERLADANGAN Kementerian Perladangan dan Komoditi
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News: Dr Viknesh Andiappan for being named as the Winner of

the Processes 2022 Young Investigator Award

Processes 2022 Young Investigator  pROCESSES 2022 YOUNG INVESTIGATOR
Award A A %

i

Nomination deadline (expired): 31 July 2022

hide description | download description WINNER ANNOUN ) HERE

Dear Colleagues,
We are pleased to announce that the winner of the Processes 2022 Young Investigator Award is Dr. Viknesh Andiappan.

Dr. Andiappan currently serves as an Associate Professor at the Swinburne University of Technology Sarawak Campus. His
research interests are in netzero energy supply chains, net-zero energy systems, process integration and optimisation, operations
research, sustainable agriculture planning and industrial symbiosis planning and optimisation. Dr. Andiappan received his Ph.D. in
2016 and has an outstanding publication record, comprising over 70 Scopus-indexed publications and presenting several papers
at various conferences. Viknesh Andiappan’s Scopus Scientific Citations number is 707, and his Hirsch index is 15, which includes
two primary research articles from the middle of the previous decade with more than 50 citations each. Please join us in
congratulating Dr. Andiappan for his outstanding achievements.

As the awardee, Dr. Andiappan will receive an honorarium of CHF 2000, an offer to publish a paper free of charge before the end
of July 2023 in Processes after peer-review.

We would like to thank all the nominators from various fields of study for their participation and all the Award Committee Members
for their evaluation of the many excellent nominations.

Processes 2022 Young Investigator Evaluation Committee
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News: 2022 December Gathering
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News: 2022 December Gathering
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News: 2022 December Gathering
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UPCOMING EVENTS

DATES

14 January 2023

13 February 2023

| 4-5 March 2023

6 March 2023

16 March 2023

A\

20 March 2023

26 March 2023

1 April 2023

3 May 2023

8 May 2023

W VIEBNE

10 May 2023

12 June 2023

EVENTS

Event: MPOC’s CEO DAY@UKM

Webinar: Conversion of Refinery By-product PFAD to Biodiesel
by Catalytic and Photocatalytic Processes

Roadshow: National Chemical Engineering Exposure Camp
(NCEEC) 2023 - Universiti Malaya

Webinar: The role of sustainable palm oil in protecting biodi-
versity and ecosystems

Roadshow: University Roadshow @ UPM 2023

Roadshow: UPM Site Tour to Industry

Roadshow: IChemE Student Chapter Festival 2023 P
(Day 1, physical) — Universiti Malaya

Roadshow: IChemE Student Chapter Festival 2023
(Day 2, virtual) — Universiti Malaya A

Roadshow: University Roadshow @ USM 2023

Webinar: TBA

Roadshow: USM Site Tour to Industry >

Webinar: TBA
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