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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.

-

&

— o5

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.

Strictly Confidential, For Recipient Only
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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



POPSI G Newsl etter,

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
chain.The following provides a brief overview of the current practices in each value chain stage
and maps out their connection to circular economy.

PALM OIL

MILLS
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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.

PALM OIL
MILLS
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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.

PALM OIL
MILLS
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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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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.

PALM OIL REFINERY/
DOWNSTREAM
PROCESSING
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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.

PALM OIL REFINERY/
DOWNSTREAM
PROCESSING
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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.

Strictly Confidential, For Recipient Only
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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

U {U Eaam- % .
LS veéek.ébleo IOCIIESE‘.I

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 ssue

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 mvolved

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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by Catalytic and Photocat a

On 07 November 2022, Dr Mohd Lokman I brahi m, Senior Lecturer a
webinar to discuss about the photocatalytic reaction to converl
pant s.

With heterogenous catalytic reaction, Lokman demonstrated that
the esterification reaction rate of PFAD.

Photocatalyst offers | ow cost, environment friendliness, compl
tions, and good performance for removing heavy metals in aqueo

SOPB also | aunched and i mplements NDPE Policy throughout suppl

devel opment programme is provided to deliver decent wor k expe
energy. SOPB is committ eqdu atloi tpyr opdruocdeu catnsd wsietlhl shuisgthai nabi | ity ce
Lokman emphasised that biodiesel needs to meet the internation
11 mprove health ai P
. . R?w + Ciijon Esterifioaion n?ocu, e \ E;{’.}"&M
T Facilitate gl obal Free atty acid Blodiesel
R: fatty aky!
R ) ) o 9 Under light irradiation, the
T 1 mprove &uwdglaibeorr: R0 0 R L cnon . S— . photogenerated electrons (e)
[ Tebtomeomon . = oH &, migrate from the valence band
fAdvance innovati s g (VB) to the conduction band; at
I the same time generating the
S i | ¢ -~ same number of
T uppor regul at ol oH_ oHA~ . (0) photogenerated holes (h+) on
R-C-20:+ O CHy -agg;h" -REOH the VB. Photocatalytic
‘g g & CHy (trans)esterification to produce
a‘gp')a - R-C OCHy + H;0 biodiesel

Biodiesel
R-COOH- CHy /

Figure: Schematic illustration of thermal and photocatalytic biodiesel production mechanism

Unleashing Potentials

Shaping the Future . m . @ : o= Q .‘, Mynm UiTv—

Figure 1: Ther mal and photoca

Fuel Properties of PFAD Biodiesel

ester

Acid value (mg KOH AOCS Ca 5a-40 /

.01 X . L
/8 of sample) ASTM D664 0.45 £ 0.0 0.80 max 0.50 max 0.50 max
Ki
e Y 5T DAs6 214003 19-60 35-50 5.85
(mm?s®;40-C)
Kinematic viscosity
40 = = =
(SN 05+0.03
15C),
':_f"‘"" 15:0%  psrmpso02 0.87£2.60 087-09 0.86-09 0834
Moisture content ASTM D6304 0.03 £0.08 0.03% max - -
Cloud point (-C) ASTM D97 121017 3to12 - 15t05
Pour point (-C) ASTM D5853 101021 -15t016 - -35t0-15
Flash point (-C) ASTM D93 168 £3.00 100-170 - 60-80
0.001£0.0005 0.0015ppm @ 0.001 ppm @
Sulfur content (%) ASTM D4294 el 0.04%
Shaping the Future B I 8 © > 0= & PN o | VT

Figure 2: Fuel properties of PFAD biodiesel (Lokman, 2022)
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foiog pasnt heCairai d ro np rmoaviersd rtroilvwgahgtd ail ni

retained

in Mal ay

only =uwnieraglyl epfpdin c

pal m

e it attractive05®@r PKS to be
Bi omass is not
potenéeial buo Mmiadkr® nihgc [bued en eoti |
more green. Using a 60 tonne per
bi ogas

electricity.

trunks for

hour

mi || a

from theadPOMEcompanimesnt!| iclhe gGiemerbar by,
As

tmeaant il di meedisr owll ar

le GGAVMWAO Myh.e Wixt-hi

cess 4.5MW could be exportedcoan shewgoidherAplayeesulbty ttheimi lel
does not have to burn EFB, MBU tasiidd e KShehpahmi pi cahndebstryasthe
biofuel. I't does not make seaes@adge tslteensde PKISa yteor sJ aapsa ns tiankceuhro-1 d e
ring GHG emissions in shippim@ Wwhenhr i GHG ceumidssh@nssed to
make our grid-fgreegeouegcoal power plants and

hel ping Mal aysi a t owaerudtsr ablecomi ng car bon

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 f oot print. The Tai ko bleaching
earth plant in I ndonesia uses biomass. Unil ever Ol eochemi -
cals Indonesia uses PKS for their thermal oil heating.
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Roadshow: Waartr iUnti ver si ty

| Che@EPal m Oi l Processing Speci al I nterest Group (POPSI G), in
Roadshow 3atHeUnowersity Malaysia on 16 November 2022. The eve
The highlight of the event was the presentation by Mr. Karthi
Desmet Malaysia Sdn Bhd. His presentation title was Edible Oil

The speaker presented the differences between soft and hard oi
bl eaching and deodorisation. He also demonstrated the roles of

The participants shared their opinions about the sustaimabl e t
the operating pressure range of deodoriser and the i mportance
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Roadshow: Xi amen Uni

| Che@&EPal m Oi l Processing Speci al I nterest Group (POPSI G), in
Roadshow at Xiamen University Malaysia on 5 December 2022. The

The highlight of the event was the presentatioWathty Umi véersi tLy m
si a. His presentation title was The Potenti al and Challenges o

The speaker presented the optimisation method using mat hematic
al so showed the challenges with smart computational technol ogi

The participants shared their concerns about the drawbaaks of
bility analysis was conducted based on ROl index, exposure tim
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Article: PhycoremediTatiad meAs A
Mi |l Effluent (POME)

Written by Ng Sheng Ta
(USCI Uni ver sity)

POME is a brownish colloidal Tse¢atriryg gROFMEatsdndgrpmyc¢cbeempadimat.i

oil industry during the crudatprbmtiové astthetigoomwplihaod. alltgapp-
es great environment al concewansst educeo mponenss phglsp®chemmcali gat |
properties that do not alignnwi ahmdasehelregalcawdbosnevatoxi dei a8s
charge values set by the Dep@Tdganenet odl Env20dbnhmenAs ( DOEM, it
Typically, it composes of 40800 mgbHutiohgl ogypyheds du40®@@ rmdg/sL g
of oily content, 50000 mg/ L plodt oCshyennihceasli sOx yTgheen sDenmpdnnd i ed nu
(Ccob) , and 25000 mg/L of BODgéaBi cldbyi dalri @ygy pehmtbDbesmand)esi s i s
(Tan, Wan Maznah, et al ., 20r2e2s)u.l tCy iad gaemeanube o0$edhas f ec
oxygen amount required in theuehemi cdlctoixod.atReane mtrloy,e srsesteoar ¢
break down the organic mattdr oprésennvesntitghaet ewd theer ,fFeenaesrigbye | i t
BOD is a measure of the oxygsehaamoehectequbsredodycmdcdoaoi ng ph
ganisms required to decomposeediganrcamdtsebséeéhuenghy aamoel ect
bic reaction. Annually, Mal agysrauatonéi pebdotesciapprweikxi mabe-pr
l'y 50 million tons of POME aoadllt heNdremndali s, i2€@2%E)asi hlgi duies tdc
the increase in the demarkdh bfavai @a( BoP VW) | d ewiodeucttas mi croal gae f o
al ., 2019) . Despite its detralnmseontrailsienngv iartotnemnmetnitoanl tef fi encvtess,t i gla
most conventional treatment met hoad aChploineod htloo rR GME oifsi nogpeem s i s
ponding, which often fails tRPOMEetir etahtemelnegg alFemr en@midroementad . f oR
wastewater discharge and i s @ahar adtee rpirzoesdp ebcyt i av eh isgohu rrceetse nd fi oma
time of up to mont hs. I n Mal aynsiaa,t i mxn @ atnhi a nu s85% foaf N dPCOMEL h S ME
treated using this method (Tan, eWasresMazamadh ,e wdn atlel aioR@) t hAs g
a result, a -tvraeraitemeyn to fmep chsotd 6 Fanr rea rbdeao negt dals.-, 2021) . Wastewat
cussed to be implemented af tmirc roopaelng apeo Redoientg e@étsrseedtbrmvearlt . nua g i ent
shown in Figure 1 below. I'n thesr agtbwth, whhéephyearemagditatei ow
of POME wi || be discussed. strates the positive growth of mic
Phycoremediation is a biological treatment method that utili z-
es maem omi croalgae to remove waste components in the

mi dst of encouraging the growt Raw ition o
treating POME via phycoremedi a POME that
digested POME is a suitabl e me hi cro-

al gae. Partially treated POME and

p hos p hor us content whi ch p o || I~IPrimaryTrealmem |—I AnaerobicSysteml I gae
could wutilize these organic a 1 for t hei
growth, naturally circulating |SeomdmTeamen|—7 AcrobicSystem | roach i
cowff fective as it essentially l xiliary
energy for the treatment, geneTe'l}ic"[mi““e“” Physical Methods Fiot uti on.
In a study comparing the suit4 Methods | eof a-
ciens, Chl orella sorokiniana, uda

as the potential green microa Biological Methods |- Bacteria | it is
found that Chlorococcum ol eof i an
exceptional growth -Ir aitre lodb nea Phycoremediation

ed POME, and successfully redube—mm—pmooprmoroo—erc— t T 0-
gen | evel up_to 90 % removalFiaupeat‘lhiepvoqeqli}r%ga(&fm@rmwonypablboodfs t
zglzg;)le chemical oxygen demarbqi%§C?Q)an€Tm,n IM%IZ“%%,, %It %II - 20

N
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The feasibility of treati ng P=*= — i —“—ation

met hod is still in the infan 0, 42:2" a few

chall enges that need to be o Sualight L i m-

pl ementati on. The FROAOME diys wa

with |Iimited |ight penetrati of alg

for their growth is highly d O T CO Y (CRON T 02 sity,

for their maxi mum gr owt h, t h MO+ NOw —+ NH + Lghommine Tremmmﬁthe cel

should be enhanced. The-t eeaesai|PoME

wastewater, whi ch mi ght be :‘> .

consumi ng. For instance, di | rati on

wat-eonsuming and not practic -

tration of the nutrients tha |l gae. i
owt h of algae is highly se foroalgac cell | condi

r
i on of t he medi um. Factors such as pH, temperatur e, and
utrient concentration need FbgbeeoRti mMiuzed efndr utphtea kger obmt h mio ¢ |
he algae. Mo s t of the algag Tlamve Wapt Mmmmalyyr oevt hala.t, a2 0RR) .
range from 8.2 to 8.7, while the pH of POME may be as | ow

as 4, demanding a preliminaryntreatUnhesnhte!def oPrhey Cponryecnyerdel n@etdijo-n i
ation (Tan, Wan Maznah, et al., 2022). The growth rate of the t i ons to treat POME in Ilight of i
f the algae could be inhibitwhl cohy itsheal i@ n@f Whthrtdgt g0phapf
not bioavailable, which the dhgdessiffiadimngsofiptmikdet ieseane
ents. There is also difficulMgntntdd®t rmetihiofdy ameaabPfhaftgedwt s
harvesting the algae biomass f@fdeé toMef i dirdd NigmPAl eSie nt tachd eh hsepse c i ¢
| arge scale. This could leadOtSsUkVYtYBpANEathbhVerfinetfihe yPQME
troll ed. a need to investigate i f phycor eme
st amldone treatment without the ne
P OME . Al the challenges mentione
ciently addressed so that the ben
be fully | everaged.

g
t
n
t

Figure 3: Growi.h peluawikas(.indz of apuwli teinsats® dBanalBoMaeldi um (BBM) and
and 7.5% palm oil mi | | effluent (POME) (Fernando
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