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COVER STORY

2021 has been a difficult year as the world muddles 
through Covid-19 and climate change disasters [Chandran; 
Chowdhury & Sundaram] and near-impossible challenges 
facing humanity have been laid bare. The planet is limited 
in space as well as resources so that mankind needs to 
accept new realities. There are beginnings of economic and 
political challenges as rising prices and inflation in foods will 
be playing out [Leow & Yow; Fry & McGill; Khor]. Previously, an 
economic disaster of the magnitude of the global pandemic 
had been avoided by modern monetary expediency but 
then it has caused the whole world to face inflation and 
rising food/asset prices. Now, the vegetable oils sector 
is similarly impacted and record prices are seen, even as 
these are partly attributed to supply chain disruptions, bad 
weather and now war [Leow & Yow; Fry & McGill; Khor]. The 
pandemic lockdowns and closure of borders impacted the 
oil palm industry badly even as record prices brought relief 
and just a little cheer but the subsequent need to rush to 
adopt mechanisation, automation, digitization and related 
technologies (even robotics) may be a blessing in disguise 
in view of perpetual labour shortages [Chew; Umi; Rashid; 
Hong]. Many misconceptions are still being created by anti-
palm oil groups (competitors) [Chew; Umi; Chandran] even 
as the industry is already over-regulated by many stringent 
sustainability policies – NDPE, CSPO, ISCC, RSPO, MSPO, 
ISO 22000, etc. Meanwhile, there is the realization that 
only a small growth of palm oil supply is needed globally 
(~2 million tonnes/yr) to cater to the world’s growing 
population, and this can be well met with just 0.5 mln 
ha land (or better, simply by replanting agro-land with 
high-yielding palms) and which will after 4 years become 
carbon sequestering palm trees. Deforestation, estimated 
for timber and agriculture is to be as at least 10 mln ha/
yr, has been singled out by COP26 [Chandran] for policy 
actions and beef production leads in deforestation (as well 
as methane emissions) followed by other agriculture and 
timber. The growing of high-yielding oil palm is well known 
to provide the lowest carbon footprint while other oil crops 
will need several times more of new and scarce arable land. 
Meanwhile, global warming fires are ravaging forests, laying 
incalculable waste and emitting GHG gases in many parts of 
the world.

Abbreviations: CSPO = Certified Sustainable Palm Oil; ISCC 
= International Sustainability and Carbon Certification; ISO = 
International Organisation for Standardisation; ISPO = Indonesian 
Sustainable Palm Oil; MSPO = Malaysian Sustainable Palm Oil; 
NDPE = No Deforestation, Peat & (People) Exploitation; RSPO = 
Round Table on Sustainable Palm Oil   
Acknowledgements: Price charts [Fry & McGill; Khor (& Bursa 
FCPO1)]; Replanting oil palms [United Plantations Bhd; CK Wong]
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EDITORIAL POLICY
MOST is a regular bulletin devoted to furthering 
the objectives of Malaysian Oil Scientists’ and 
Technologists’ Association. This is to promote interest 
in all aspects of oils and fats in Malaysia, regionally 
and worldwide. Articles of interest could be directed 
to the layman, technologist, scientist, researcher or 
the entrepreneur. News of the association’s activities 
and developments in oils and fats will be routinely 
published.

The views expressed by the contributors are not 
necessarily endorsed by MOSTA. The editorial board 
and the referees would do their best to ascertain 
authenticity and accuracy of information on all articles 
and MOSTA reserves the right to alter or to omit any 
article or advertisement submitted. No responsibility 
is accepted by the association, the editor or the printer 
for the accuracy of the information contained in the 
text and advertisement. MOSTA requires indemnity 
from advertisers and contributors against damages 
which may arise from materials published.

All materials in MOST are copyright and should not 
be reproduced wholly or in part without the written 
consent of the editor.

Materials for publication should be submitted 
directly to the editor and would normally require two 
month’s editorial/refereeing work prior to publication. 
Guidelines of formatting of technical material may be 
obtained from the Editor. Web editions are promptly 
published after editing.

DEADLINES
Deadlines for publishing edited versions and 
advertisements are 20 days before the publication 
dates of each volume.

INFORMATION
ARTICLES: Contributions are invited for feature  
articles, news items, newsletters, letter to the 
editor, general articles, research papers, review to 
the community involved in oils and fats including 
business managers, chemists, engineers, scientists, 
technologists and other personnel involved in various 
commercial aspects of oils and fats. All articles will 
be refereed and suitably edited before publication. 
Letters to the editor are also acceptable after editing.

FORMAT: Instructions to authors may be obtained 
from the Editor or recent issues of MOST may be used 
as examples. General instructions are similar to the 
format required by major international journals and 
include the following: TITLE, Abstract, Text with major 
headings (Introduction, Materials and Methods, 
Results and Discussion, Acknowledgements and 
References). Abbreviations, symbols and units used 
are as by the best of international journals. In addition 
to a hard-copy, authors are encouraged to send with 
their papers as attachments in e-mail for easy editing 
using Word or other common IBM-PC software.

ADVERTISEMENTS: Advertisers are welcomed to 
place their Ads, which will be printed at reasonable 
cost, in this publication.

SUBSCRIPTIONS: Individuals and libraries may 
subscribe to this publication.

MOSTA SECRETARIAT:
C-3A-10, 4th Floor, Block C (Lift No. 5) Damansara Intan 
No. 1 Jalan SS20/27 47400 Petaling Jaya
Selangor Darul Ehsan, Malaysia
Tel : 603-7118 2062 / 64    Fax: 603-7118 2063
E-mail:  mosta.secretariat@gmail.com 
Website: http://www.mosta.org.my
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Editorial

Abbreviations. AI = artificial intelligence; ESG = Environmental, 

Social and Governance; EV = electric vehicle; FANGMAN = 

Facebook, Apple, Netflix, Google, Microsoft, Amazon, Nvidia; QE 

= quantitative Easing; NFT = non-fungible token

ECONOMIC RECOVERY

The anticipated global recovery from the Covid-19 
pandemic did not materialize with vaccines, perhaps 
because of the geopolitics pervading into the global 
scene as developed countries can have the capacity 
to produce and profit from vaccines and even wasted 
them by overstocking while poor countries cannot 
afford and incapable to manage mass vaccinations. 
The interdependency of all nations is crucial 
[Chowdhury & Sundaram; Chandran] when dealing 
with this contagious RNA-viral disease, as presently, 
perhaps allowing mutations to less life-threatening 
dominant variants from the deadly Delta variant. There 
is hope that the more contagious variant (Omicron) 
that is dominating but milder and less life-threatening, 
arising reportedly via a reverse-zoonotic phenomenon 
from mice to humans rather than from mutations of 
the original SARS-CoV-2 (Covid-19) virus.  A dominant 
Omicron-only virus epidemic will allow life to resume 
normally like having another common flu, not overly 
life-threatening but only with the inconvenience of the 
need for booster vaccinations. The world is desperate 
for a quick reopening of borders and resumption of 
normal economic activities. On the therapeutic front, 
optimism also comes from new antiviral drugs and 
recently from China’s new antibody drugs. The new 
drugs are likely to be too expensive for widespread 
use unless economies of scale can be realised soon. 
Meanwhile, lauric oils with detergent and anti-viral 
activities will continue to benefit the world for personal 
hygiene while the pandemic continues.

It has been a turbulent year as climate extremes 
[Chandran] battered many countries with droughts, 
forest fires, hurricane disasters and typhoon floods. 
Canola harvests have been decimated and sunflower 
supply reduced while palm profits were curtailed by 
labour shortage, border closures and soaring fertilizer 
costs. On a happier note, record prices were seen for 
all oils and fats (crude CPO reached a record targeting 
8,000/tonne in ringgit terms and RSPO PKO has been 
around RM9,000). However, lack of labour caused much 
of missed opportunity for reaping optimal profits by 
farmers. The inflation-adjusted CPO price trend [Fry 
& McGill; Leow & Yow] finally breaks the decades-old 
downtrend to trend northwards, pointing to a bright 
future for palm oil.

INFLATION

The new monetary policies adopted by the nations 
that control the world reserve currency has been 
successful in averting the great financial crisis of 2008 
and then the recent Covid-19 pandemic crisis of 2020. 
The expediency of currency printing seems a correct 
policy as trillions are printed to bail out economies, 
works well while old ideas like “there is no free lunch” 
evaporate. It is likely due to the privilege and power 
of holders of reserve currency as much of printed 
currencies spread to the rest of the world. Certain 
devaluation of currency is more acceptable as debts 
can be inflated away but more importantly the pain of 
recession or worse depression is avoided (but in reality 
a threat to re-election).

It is certainly a power play to be able to dominate 
finances of the world as it is profitable to be the 
superpower with the most economic and technological 
advantages and the most powerful military machine. It 
is not known how things will play out as more inflation 

SH Goh, MOSTA
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comes for all material and food resources [Fry & McGill; 
Leow & Yow; Khor] as well as all other assets. Inflation 
is also compounded by supply chain disruptions due 
to the pandemic lockdowns but this should soon be 
resolved. Geopolitical tensions disrupt globalisation 
and raise costs of goods and services; while individual 
nations will have to be concerned about food security 
as this will most likely affect importers because rising 
food and energy prices feature prominently in debt 
servicing and inflation woes. The US as the major food 
producer will benefit but food importers are likely to 
suffer socially and politically.

The quantity of US debt seems mind-boggling, up 
$26 trillion since 2008 but there was only “transitory” 
inflation until now which can be tackled with tapering 
of bond-purchases and then small stepwise raising 
rates, probably only 0.25 points each time, later in 2022. 
High rate rises are probably unlikely as it will be painful 
to service debts which are supposed to be inflated 
away. This is a complex issue and it remains to be 
seen how central banks make wise policy decisions in 
“tapering” to manage the dominant US markets which 
are in late-stage “bubbles” – cheap money boosting 
cryptocurrencies, non-fungible tokens (NFTs), EV and 
FANGMAN technology stocks.

It has been remarkable of two recession-free years with 
the twin challenges of Covid-19 pandemic and climate 
extremes. Most remarkably is technology has been in 
the forefront to benefit advanced countries with digital/
communications environment and ownership of 
technologies for working-anywhere and e-commerce. 
It is still to be seen whether new technology blockchain 
together with AI can grow to disrupt the traditional 
professional-financial areas (banking, law, etc). The 
amounts of money created to keep the pandemic at 
bay have been unprecedented and digital currency/
economy has come at an opportune time. The global 
pandemic has necessitated and hastened many new 
schemes with technology with many targeting easy 
money and wealth while the world awaits for that 
somebody/everybody who has to “pay for the free 
lunch”. “Rich Dad” Robert Kiyosaki says that “Wealth 
is measured in time, not money.” Rich Dad’s been 
teaching people to buy assets for cash flow for years 
– but most investors buy purely on the potential for 
capital gains. Can crypto-assets be blockchain-valued 
and credited to replace material assets like gold, 
platinum and other tangible commodities?

The present global inflation is serious as is 
unprecedented as most major central banks are 
involved in QE to tackle the pandemic to avoid 
a global financial crisis or depression. Blaming 
coincidental supply chain disruptions will soon be 
seen as a lame excuse or wishful thinking much like a 
“transitory” inflation. While rich countries with digital, 
mechanisation and robotic developmental advantages 
have been able to adapt and keep on QE support, third 
world countries are likely to suffer from debt problems 
especially if they are importers of foods and energy 
which are facing run-away price inflation.

FOOD AND AGRICULTURAL REVOLUTION

With inflation caused by easy monetary policies and 
exacerbated by the Covid-19 pandemic as well as 
climate extremes occurring in agricultural regions, 
many countries have been made aware of food 
security as food and energy prices have been rising 
dramatically. Food importing countries face the risk 
that a drain on their foreign exchange resources can 
be extremely damaging as seen previously in the Asian 
Financial and then the Great Financial crises. 

In recent times, however, advances in food and 
agriculture have been doing so well that the world 
has an “obesity epidemic”. Incredible innovations in 
precision agriculture [Chew; Hong; Rashid; Umi] that are 
considered to be an advanced technological change 
in farming, adapted to improve crop yields and reduce 
labour shortage in the quest to meet global needs 
and demands. This is timely and has been accidentally 
hastened by the pandemic lockdowns and travel 
restrictions. Again driven by climate awareness, ESG 
with economic viability, advanced technology and 
techniques can enable farmers to optimize usage of 
resources, such as space, water, planting materials, 
fertilizers and other chemicals. The way crops are 
tended will need appropriate technologies as labour 
shortage remains intractable and when they become 
affordable, e.g. digitization, latest Wi-Fi, satellite 
communication, drones, smart mechanized tools 
& vehicles, sensors (soils, fruit ripening and crop 
wellness), and even robotics or AI.  While there are 
so many technological improvements, productivity 
gap remains wanting in emerging economies due to 
unaffordable costs of hardware and software as well as 
a need for a new mindset change by farmers.
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Meanwhile most of the world are pushing to 
combat climate change for a sustainable planet 
future with challenging policies – “making peace 
with nature” [UN Secretary General Antonio Guterres], 
ending deforestation even for agriculture, using 
“breakthroughs in fields like synthetic biology” [former 
US President Barack Obama], genomic editing and 
creating alternative foods from lab-based synthetic 
biology and chemistry. 

We know biology plays a crucial role in combating 
climate change, and many of the solutions presented 
at COP26 rely on synthetic biology providing 
alternative forms of renewable energy and alternative 
foods. The production of food has always caught up 
with the growing global population so far but perhaps 
in future the predicted plateauing of populations 
could automatically solve problems of potential food 
shortages, lack of arable land for agriculture and loss 
of productivity due to climate change. 

The world is slowly coming to terms of the global 
benefits of high-yielding, sustainable oil palm, even 
while the decades-old concern of stagnant yield is still to 
be overcome slowly. The present high prices of vegoils 
has been due to a combination of climate disasters in 
N. America, geopolitical volatility in E. Europe, shipping 
delays and lockdowns/border closures arising from 
the Covid-19 pandemic. While these coincidental 
occurrences contribute to high prices, it must be 
central-banks’ induced global inflation that is affecting 
almost all commodities that are of concern. For palm 
oil it has been a relief as the long-term downtrend has 
finally been reversed but prosperity has yet to come 
to the suppliers whether corporates or smallholders 
as labour shortage continues to hamper the industry. 
It is now recognised that the world needs palm oil as 
growing soybean or other crops will need many times 
more land or deforestation. It is a zero sum game if 

trying to use other oil sources to avoid palm [Fry & 
McGill; Khor] as total fatty acid supply is dominated 
by palm and for lauric oils there is no other viable 
competitor. Meanwhile the oil palm industry has to 
respond sustainably to demands – replanting higher 
yielding and semi-dwarf cultivars; recycling of biomass 
and waste for crop nutrients; innovating for more 
mechanisation and digitization [Chew; Hong; Rashid]; 
putting in practice new ideas such as tree crop rotation 
and intercropping; integrated farming and cash-crop 
farming during replantings; and better management 
of land and biodiversity.

We may not have time to catch our breath as tech cycles 
are getting shorter because technology is progressing 
very rapidly and ground breaking changes emerge. 
Alternative foods are a reality just as gene-editing 
for crop improvement has been available. Under the 
surface of these and other disrupting technological 
advances, geopolitical stresses, the pandemic and 
climate change have emerged to cause the world to 
face a partial end to globalisation and all types of supply 
chain disruptions including for food and almost all 
commodities and specifically the disruptive shortages 
of semi-conductor chips so vital to all modern living. 
All these make it imperative that all nations need to 
collaborate and face the imminent challenges as all 
peoples are interconnected while space technology 
has demonstrated how tiny and fragile is the planet 
earth [Chandran; Chowdhury & Sundaram]. There is a 
need now to invest in peace and collaborate in use 
of limited resources with available new technology 
and biotechnology. Business models need to 
change, corporate strategies will need revamps, the 
economic competitiveness of nations will need to shift 
cooperatively, labour markets will be roiled as old jobs 
are displaced and urgent steps are taken to reskill and 
upskill for new jobs.
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Introduction

The current CPO price upcycle is likely to last longer 
than expected as recent data indicates supply tightness 
for 1H22 at the very least. 

2021 − A Year Of Surprises 

2021 was a year full of surprises hampered by record 
high palm oil prices, surprisingly low production, 
erratic weather, export levy cuts in Indonesia, and a 
record number of changes in India’s import duties.

Almost all vegetable oil (vegoil) prices hit new 
highs in 2021.  Last year, weather disruption and the 
strong prices of almost all eight major vegetable oils 
affected production while demand did not drop much 
during the pandemic given support from biofuel 
demand. The strongest price appreciation was seen for 
soybean oil (30.4% ytd), mainly boosted by the Biden 
administration’s green diesel push. The Malaysia Palm 
Oil Board’s (MPOB) CPO Average Selling Price (ASP) hit 
its year’s low of RM3, 471.50/tonne on 14 Jun 21 and the 
highest average selling price (ASP) achieved was RM5, 
429/tonne on 19 Nov 21. The ASP for 2021 reported by 
the MPOB was RM4, 407/tonne, 64% higher than 2020’s 
RM2, 685.50/tonne. Other vegoil prices were also  
well supported. 

Figure 1. Prices of 4 major edible oils at historical highs (from 1990)
Source: Bloomberg 
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Palm oil suffered from two consecutive years of 
weak global production. Based on Oil World report 
dated 18 Feb 2022, global palm oil production in 2021 
is lower than expected at 76.0m tonnes as compared to 
market expectation of about 78.0m tonnes.  The weak 
production can be attributed to: a) unfavourable dry 
weather conditions in 2019 and high rainfall days and 
volume in 2020, b) impact from the reduction in fertiliser 
applications in 2018-19, c) operational disruptions due 
to COVID-19 infections, and d) severe worker shortages 
in Malaysia, particularly crop harvesters. 

 
MALAYSIA

Palm oil production recorded second consecutive 
year of decline. For 2021, Malaysia produced only 
18.1m tonnes, 5.4% yoy lower than that in 2020 and for 

the first time Malaysia reported negative production 
growth for two consecutive years. CPO yield per ha 
hit a historical low of only 3.1m tonnes/ha because of 
poor fresh fruit bunch (FFB) yield (Figure 4), which was 
the lowest in history at 15.47 tonnes/ha. However, oil 
extraction rate (OER) of 20.01% for 2021 was better than 
the 19.92% in 2020 (Figure 5). The biggest contributing 
factor that led to Malaysia’s dismal production in 2021 
was due to the severe labour crunch.

Based on recent comments by the Managing Director 
of Sime Darby Plantation, Malaysia’s shortage of more 
than 75,000 workers resulted in a potential 20-30% 
loss of production. Other factors include the lagged 
impact from the dryness in late- 2019 to early-2020, 
high rainfall towards end-20220, reduction in fertiliser 
applications in 2018-19 and operational disruptions 
caused by the COVID-19 infections in estates and mills.

(m tonnes) 
CPO Production 
Palm Oil Inventory
Palm Oil Exports 
Palm Oil Imports 
Domestic Consumption 
FFB Yield (tonnes/ha) 
Oil Extraction Rate (%) 

2020
19.13
1.27

17.37
0.95
3.46

16.73
19.92

2021
18.10
1.58

15.55
1.07
3.41

15.47
20.01

yoy % change
(5.4)
25.1

(10.5)
13.0
(1.3)
(7.6)
0.5

PALM OIL MARKET OUTLOOK

Figure 3. Malaysia palm oil production

Figure 2. Malaysia palm oil data at a glance

Source: MPOB

Source: MPOB
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Inventory remained low at 1.58m tonnes as at end-
2021.  Malaysia’s palm oil inventory as at end-Dec 2021 
managed to increase by 317,342 tonnes from end-Dec 
20 despite weak production. 2021 palm oil production 
came in at 18.1m tonnes (-5.4% yoy) mainly due to 
labour shortages and unfavourable weather from 
2019-20. As for 2021, Malaysia’s palm oil exports stood 
at 15.5m tonnes (-10.5% yoy). 

Having said that, exports to India grew 31% yoy mainly 
due to a lower base in 2020 and lower import duties 
in 1H21. The top two export destinations, China and 
Europe, reported a drop of 32% yoy and 16% yoy 
respectively due to Indonesian players’ competitive 
pricing for refined products. In China, palm oil also lost 
market share to soybean oil (SBO) in 2H21 as SBO prices 
did not increase due to higher soybean crush in 2H21. 

PALM OIL MARKET OUTLOOK

Figure 4. Malaysia ffb yield per hectare hits historical low

Figure 5: Malaysia’s oer improved marginally in 2021

Source: MPOB

Source: MPOB

Average Selling Price (ASP)



Malaysian Oil Science and Technology 2021 Vol. 30 No. 2 • Copyright MOSTA90

Figure 6. Malaysia palm oil exports
Source: MPOB

(‘000 tonnes) 
India
China 
EU 
Pakistan
Japan 
US
Others 
Total 

(m tonnes)
CPO Production 
Palm Oil Inventory
Palm Oil Exports 
Domestic Consumption 

2020
2,733
2,731
1,942
1,003

433
540

7,990
17,372

11M20
47.6
5.83
30.5
15.8

2021
3,587
1,870
1,639

610
421
269

7,147
15,544

11M21
46.9
3.89
31.1
17.0

yoy % change
31.26

(31.51)
(15.58)
(39.22)

(2.75)
(50.28)
(10.55)

(10.53)

yoy % change
(1.3)

(33.3)
2.1
7.7

Figure 7. Malaysia exports by destination

Figure 8. Indonesia palm oil data at a glance 

Source: MPOB

Source: GAPKI 

INDONESIA

Production surprisingly weak. Based on the 
Indonesia Palm Oil Board’s (GAPKI) 11M21 data, the 
country’s palm oil products production slipped 1% 
yoy to 46.9m tonnes. Based on Oil World estimate, 
Indonesia’s CPO production for 2021 is at 44.9m 

tonnes. In addition, the yield recovery in 11M21 was 
below expectation probably due to reduced fertiliser 
applications in 2018-19 when CPO prices were low. The 
resultant lack of nutrients has delayed the recovery 
process despite Indonesia’s younger age profile 
compared with Malaysia’s.

PALM OIL MARKET OUTLOOK
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Figure 9. Global palm oil supply & demand

Figure 10. India edible oil import duties

Source: Oil World, UOB Kay Hian

Source: SEA, India 

GLOBAL

2021 demand relatively resilient. After the small 
decline in demand in 2020, Oil World estimated a 
marginal 1.1% increase in demand for 17 oils and fats in 
2021 despite high prices. Among the vegoils, rapeseed 
oil saw the highest growth (4.8% yoy) followed by SBO 

(2.5% yoy). Demand for palm oil edged up 1.1% in 2021. 
Demand growth was mainly seen in 2H21, driven by an 
economic recovery from the global pandemic in 2021. 
Besides, rising fuel demand from the transport sector 
as economies reopened in 2021 after the economic 
doldrums in 2020 also supported biofuel consumption. 

Two notable developments in 2021 that affected 
the global palm oil industry:

a) Indonesia’s downward revision of export levies 
with effect from Jul 21. On 25 Jun 21, Indonesia’s 
Ministry of Finance issued a revised regulation on 
palm oil export levies that later took effect on 2 
Jul 21. The new CPO export levy structure entails a 
US$20/ tonne rise in export levies for every US$50/

tonne increase in palm oil prices (previously export 
levies would increase US$15/tonne for every US$25/
tonne rise in palm oil prices).

b) India’s government made six adjustments to 
edible oil import duties in 2021 to curb high 
food inflation. In addition, India has lifted the 
restriction on the import of refined palm oil. 

PALM OIL MARKET OUTLOOK
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Oct/Sep (m tonnes)
Palm Oil
Soybean Oil 
Cotton Oil 
Groundnut Oil
Sunflower Oil 
Rapeseed Oil 
Palm Kernel Oil 
Coconut Oil 
Total 
yoy % change

2017/18

72.05
56.95

4.72
4.29

18.89
25.62

7.70
2.75

194.57

2018/19
76.89
56.67

4.60
4.02

20.07
25.48

8.16
2.95

239.05
22.8

2019/20
74.71
58.56

4.69
4.14

21.53
25.26

7.88
2.71

237.52
(0.7)

2020/21
75.65
59.36

4.36
4.28

18.89
27.06

7.92
2.65

239.71
0.9

2021/22F
79.14
61.57
4.52
4.55

21.85
25.32

8.28
2.95

248.17
3.5

Figure 11. Global vegoil production 
Source: Oil World

2022 − Another Volatile Year

We expect fairly balanced supply-demand growth 
and inventory rebuilding to materialise in 2H22. CPO 
production is likely to improve but at a slow pace in 
1H22, with the recovery gaining traction only in 2H22. 

Although demand is expected to see strong growth as 
well compared with 2021, the pandemic has injected 
uncertainty into the demand outlook. 

Global vegoil production poised to grow faster in 
2021/22.

Based on Oil World’s latest forecast, global vegoil 
production is expected to grow 3.5% (+8.5m tonnes) 
for the crop year from Oct 21/Sep 22. The highest 
growth (+16% yoy, +3.0m tonnes) is likely to be seen 
for SBO production after a 12% drop in the previous 
season. Palm oil (+3.2% or +2.5m tonnes) and SBO 
(+3.7% or 2.2m tonnes) are expected to deliver better 
production growth in 2021/22 vs 2019/20 and 2020/21. 
Rapeseed oil production is set to be lower in Oct 21/
Sep 22 as Canadian canola production was affected by 
dry weather before that.

Palm oil supply expected to grow following 
two consecutive years of contraction. After two 
consecutive years of weak production, we expect palm 
oil production to increase 5% yoy in 2022. The bulk of 
the increase for 2022 will come from Indonesia which is 
expected to add about 1.5m tonnes of CPO production 
this year, supported by a better yield recovery from 
weather stress. 

Malaysia’s CPO production is expected to recover by 
0.7m tonnes to 18.7m tonnes in 2022, as the potential 
easing of labour shortages will reduce field losses. 
Higher production growth forecasts are based on yield 

recovery, especially in Indonesia which has a younger 
age profile. Malaysia’s labour shortages should ease if 
at least 50% of the 32,000 workers approved for hiring 
are deployed to estates and we see no more extreme 
weather disruption. But supply growth will likely be 
smaller at 2.1% in 2022 due to lower carry forward 
inventory from 2021. Recall that Malaysia’s end-Dec 21 
inventory came in lower than expected due to better 
domestic demand and low production. Meanwhile, 
Indonesia’s strong biodiesel uptake led to a larger 
inventory drawdown in 2021 as production also came 
in lower than expected. 

PALM OIL MARKET OUTLOOK
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Production risk. Edible oil is expected to achieve 
global supply-demand balance in 2022. The global 
edible oil market cannot afford to see another crop 
failure, or else high food inflation is likely to last for 
another year. We would like to highlight three key risks 
to production in 2022:

a) Poor weather. La Nina is causing high rainfall in 
palm oil-producing countries and dryness in SBO-
producing countries. This is the second consecutive 
La Nina and it seems to be more severe than the 
one in 2021 although the US National Oceanic and 
Atmospheric Administration (NOAA) is expecting 
only a mild to moderate strength. We have seen 
soybean production in Brazil and Argentina being 
badly affected and the market has revised down 
forecasts by at least 10%. On the palm oil front, 
the heavy rain in Indonesia and Malaysia is causing 
delays in harvesting, slowing down FFB evacuation 
and disrupting logistic connections to mills, 
refineries and ports. 

b) Worker shortages in Malaysia may not ease so 
soon. Although approval to hire 32,000 workers 
has been given, the actual arrival of these workers 
may still take time. Moreover, new workers may 
need six months of training before they are able to 
perform their duties. Any impact on production will 
likely be seen only in 2H22 if most of these workers 
arrive by 1Q22. A further delay may pose downside 
risk to production. 

c) Slower yield recovery due to reduced lack of 
fertiliser application since 2018. The slower 
yield recovery in 2021 could be partly due to 
fewer fertiliser applications in 2018-19. This could 
continue to drag on yield recovery as the manuring 
programmes for 2020-21 in most areas were 
not completed due to prolonged wet weather 
or delivery disruptions (logistic bottlenecks or 
suppliers’ operations affected by COVID-19-related 
closures). 

Demand to grow in tandem with global economic 
recovery. The International Monetary Fund (IMF), in its 
World Economic Outlook issued in Oct 21, commented 
that the global economic recovery is expected to 
continue even as the pandemic resurges. The IMF 
projects the global economy to grow 5.9% in 2021 and 
4.9% in 2022. Global economic growth will support 
vegoil demand in 2022 with additional support from 
the energy sector.  Oil World publication dated 17 Dec 
21 estimates global consumption of 17 oils and fats at 
246.2m tonnes in Oct 21/Sep 22, implying an increase 
of 5.5m tonnes (+2.3%% yoy), vs only 1.6m tonnes 
(+0.7% yoy) for Oct 20/Sep 21. The higher demand 
growth in Oct 21/Sep 22 is still below the growth 
achieved in 2017/18 and 2018/19.

PALM OIL MARKET OUTLOOK

Figure 12. Global palm oil production and supplies
Source: Oil World, UOB Kay Hian
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Figure 13. World gdp growth vs global 17 oils & fats demand growth
Source: IMF, Oil World, UOB Kay Hian

Oct/Sep (m tonnes)
Palm Oil
Soybean Oil 
Cotton Oil 
Groundnut Oil
Sunflower Oil 
Rapeseed Oil 
Palm Kernel Oil 
Coconut Oil 
Total 

17/18
69.48
56.09

4.63
4.17

19.15
25.69

7.42
2.66

189.29

18/19
77.35
56.57

4.70
3.80

19.72
25.58

7.82
2.85

198.39

19/20
76.40
57.93
4.67
4.13

21.40
25.34

8.00
2.74

200.61

20/21
75.99
59.15
4.42
4.24

19.49
26.88

7.96
2.82

200.95

21/22F
77.96
61.44

4.49
4.43

21.47.
25.24

8.35
2.91

206.27

Figure 14. Global demand for 17 oils & fats by type
Source: Oil World

Better palm oil demand but still below pre-
pandemic levels. We expect global demand for palm 
oil to grow 4% in 2022 after a two-year slowdown. The 
growth will be largely driven by Indonesia’s potentially 
higher biodiesel blending volume. The Indonesian 
government increased the 30% biodiesel blending 
mandate (B30) allocation for 2022 to 10.15m kilolitres 
(8.8m tonnes) from 9.4m kilolitres (8.2m tonnes) in 
2021. 

Demand from the other three major markets, ie 
India, China and the EU, are not expected to grow. 
Palm oil is losing market share to soft oils in India and 
China due to a lack of pricing competitiveness. The 
Indian government has further cut the agriculture 
infrastructure and development cess on imported 

CPO and extended the customs duty and cess relief 
announced on edible oils to 31 Sep 2022, to coup  with 
the feedstock price for cooking oil. Still, we reckon 
that the demand from India would remain sluggish 
as the reduction on CPO is not giving much impact in 
terms of its competitiveness against sunflower oil and 
soybean oil in India. 

Palm oil export volume to the EU is on a downtrend as 
demand from the energy sector is slowly switching out 
under Renewable Energy Directive II, which will phase 
out palm oil as a biodiesel feedstock by 2030. If palm 
oil prices remain less competitive than soft oil prices 
in India and China, we foresee downside risk to global 
palm demand in 2022.
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Figure 15. Palm oil demand

Figure 16. FAO food inflation index

Source: Oil World, UOB Kay Hian

Source: FAO

Demand risk. Although demand for cooking oil is 
relatively inelastic, demand could move between 
different types of vegoils depending on prices in the 
destination markets. In addition, our CPO consumption 
estimate has built in better demand from the energy 

sector as well. Thus, the following risks could derail our 
consumption estimate for 2022. 

a) Food inflation could lead to demand rationing or 
the reduction of the biofuel mandate. This would 
be negative to CPO prices. 
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b) High prices leading to market share loss. As 
mentioned above, the expensive palm oil has lost 

market share to soft oil in two majors markets, ie 
India and China. 

Not expecting major inventory rebuilding in 
2022. Palm oil suffered two consecutive years of low  
inventory in 2020-21 mainly due to low production. 
We had previously expected palm oil inventory 
replenishment to start in 2Q22, but given the 
unexpectedly low carry forward inventory from 2021, 
global palm oil inventory is likely to remain low until 
late-4Q22. As a result of the low carry forward inventory 
from 2021, global palm oil stock-to-usage (SUR) ratio 

would remain low in 2022 at 16.70%. Historically, a 
low SUR is supportive of CPO prices. Thus, CPO prices 
are expected to weaken in 2H22 when CPO inventory 
starts to increase and because a larger soybean output 
is expected in the next planting season in the US and 
South America. With the current high soybean prices 
and high fertiliser costs, the market is expecting more 
soybean planting for the 2022/23 season. 

PALM OIL MARKET OUTLOOK

Figure 17. Palm Olein uncompetitive vs SBO in China

Figure 18. Palm oil SUR

Source: Epansun, MPOC China 

Source: Bloomberg, Oil World, UOB Kay Hian 



Malaysian Oil Science and Technology 2021 Vol. 30 No. 2 • Copyright MOSTA 97

PALM OIL MARKET OUTLOOK

New Indonesian ruling on Domestic Market 
Obligation  

The Indonesian government has recently made a few 
announcements to curb the high domestic cooking oil 
prices in the country: 

a) On 27 Jan 22, the Indonesian government 
announced enforcement on exporters of crude 
palm oil (CPO), palm olein (Olien) and used cooking 
oil (UCO) to sell 20% of their export volume 
domestically under Domestic Market Obligation 
(DMO) at the price set under Domestic Price 
Obligation (DPO), which is at Rp9,300/kg for CPO 
and Rp10,300/kg for Olein. 

b) Domestic cooking oil prices are set based on three 
categories: bulk cooking oil at Rp11,500/litre, mass 
market cooking oil at Rp13,500/litre and premium 
cooking oil at Rp14,000/litre effective from  
1 Feb 22.

c) From 15 Feb 22, all palm products must comply 
with the DMO before suppliers can get permits to 
export, Indonesia’s Ministry of Trade said.

The new ruling is not expected to change the supply 
to the global market as exporters are still allowed to 
export any volume provided that they have fulfilled 
the 20% domestic sales requirement. However, there 
could be a short-term supply disruption (1-2 months) 
as exporters need time to fulfil the domestic sales 
requirement. Export permits will not be issued until the 
exporters have presented proof of their commitment 
under DMO. Potentially  CPO market price in Indonesia 
may lack international price because refiners may offer 
lower prices to factor in the potential losses from the 
20% domestic sales at Rp9,300/kg when sourcing 
the feedstock. Potentially, this could translate into a 
downward adjustment of 10% to 15% to CPO market 
price.  We estimate that the gap between Malaysia 
and Indonesia realised CPO price will widen from the 
estimated 20% currently to about 28%.  

Potential changes in policy. If the current new 
government ruling is not able to address the shortage 
of cooking oil in Indonesia, the Indonesian government 
may continue to intervene and fine tune the DMO 
policy. We view that one of the possible measures is 

to enforce upstream producers to sell a certain volume 
at Rp9,300/kg and we would expect to see further 
downside on Indonesia’s CPO market price. 

Green Energy Demand To Change Demand Structure 

Government policy to drive renewable fuel 
demand. Vegoils are used as feedstock in the 
production of biofuel and renewable diesel. The 
increasing regulatory scrutiny on recyclability and 
the disposal of lubricants/fossil fuels derived from 
petrochemicals has been one of the important factors 
driving demand for biofuel and renewable diesel. 
Supportive policies from the International Energy 
Agency (IEA) and the Renewable Energy Directive, 
among others, have also offered immense support 
to market growth. The policies have led to increased 
applications of vegoils in different industries including 
animal feed, biofuel, food and cosmetics. The IEA has 
stated that global production of biofuel could reach 
300m tonnes by 2030, a staggering threefold increase 
from current levels. In its latest biofuel report, the 
IEA predicts an annual production growth of 3% up  
to 2025.

US green diesel demand to double by 2024. 
Production of green fuel in the US is expected to 
grow with US President Joe Biden’s green fuel push. 
According to Bloomberg, four refineries in the US 
have pledged to stop refining fossil fuel and to start 
producing vegoil-based fuel. US renewable diesel 
capacity is expected to grow to 171,000 barrels per 
day by 2024 (five-year CAGR of 15.7%) from 26,000 
barrels per day as at end-19. Investment in green diesel 
production is not only driven by President Biden’s 
strong commitment, but also by the high monetary 
incentives for biofuel producers, eg Blender Tax Credit 
(BTC) (US$1/gal until end-22), credit from Renewable 
Identification Number (RINS) and some states giving 
out additional incentives under Low Carbon Fuel 
Standard (LCFS). Sustainable aviation fuel (SAF) is the 
new driver with BTC upsized to a US$1.25/gal baseline. 
The intention is to increase production of SAF to at 
least 3b gal/year by 2030, driven by higher state and 
federal targets for renewable fuel and favourable  
tax credits.
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Figure 20. US Renewable identification numbers (RINS) credit
Source: Bloomberg

PALM OIL MARKET OUTLOOK

Figure 19. US Renewable diesel capacity (‘000 barrels per day)
Source: eia
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Figure 21: Low carbon fuel standard credit price
Source: Bloomberg

Indonesia’s biodiesel mandate is highly  
supportive. The Indonesian government has been 
very persistent in implementing its biodiesel mandate 
not only to reduce foreign exchange outflows but also 
to support the local palm oil industry. Implementation 
has been smooth since the introduction of the export 
levy. The B30 mandate began in 2020 and is expected 
to be maintained until 2023. The B40 target is in the 
pipeline and road tests will be conducted in 2022. 

We reckon B40 could be implemented in 2024 at the 
earliest. Every 10% increase in Indonesia’s biodiesel 
mandate is projected to absorb about 3.3m kilolitres 
(or 2.87m tonnes) of palm oil. The Ministry of Energy 
and Mineral Resources expects biodiesel consumption 
growth to hit a five-year CAGR of 11% from 2020-25. 
Indonesia’s biodiesel capacity could reach 17.96m 
kilolitres by end-22 (from 13.43m kilolitres as of  
end-21). 

PALM OIL MARKET OUTLOOK

Figure 22. Indonesia biodiesel target & realised volume
Source: EDSM
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Figure 23. Historically high CPO price
Source: Bloomberg, MPOB

CPO Price Assumptions 

We are expecting Malaysia spot CPO average price 
to be at RM4,200/tonne for 2022 vs RM4,407/tonne 
for 2021, based on our analysis of base on the current 

supply-demand dynamics. Our CPO price forecasts are 
lower than current prices, indicating our bearish stance, 
which is in line with the backward dated forward curve 
suggesting lower CPO prices in 2H22. 

PALM OIL MARKET OUTLOOK

Challenges 

Spike in fertiliser costs by 50-80% will increase 
production costs in 2022. The higher current fertiliser 
prices will translate into higher fertiliser costs for 2022 
production. This could lead to at least a 20% increase in 
production costs this year. Fertiliser prices have surged 
dramatically in the last few months. The two main 

fertilisers for oil palm are nitrogen and phosphorus, 
whose prices have increased more than 100% over the 
last six months, driven by supply disruptions, strong 
demand and higher input costs. Potash prices remain 
broadly stable on ample supply. Fertiliser cost is 
another major cost for oil palm producers after labour 
cost, at 30-35% of ex-mill cost. 

Figure 24. Spike in fertiliser cost 
Source: Bloomberg
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Fertiliser delivery is another challenge. Companies 
are likely to continue implementing full-fledged 
fertiliser programmes despite the high costs involved, 
but may not receive their orders in full due to a shortage 
of container vessels. Malaysia and Indonesia are highly 
dependent on imported fertilizer, but Indonesia has 
a slight advantage as local ammonia production is 
sufficient for domestic use. 

Based on our channel checks, fertiliser delivery in 2H21 
was far behind schedule and the volume that arrived 
was just 60-65% of the annual requirement. Plantation 
companies have started tendering for fertiliser for 
2022 but supplier response is not as good as in the 
past because fertiliser suppliers are worried about: 
a) price fluctuations, b) hedging risks, and c) delivery 
schedules. Smaller fertiliser trading companies have 
also been sending out notices to their customers 
stating that they have stopped accepting orders due 
to a shortage, especially since China has put urea and 
ammonia under export restrictions.

Worker shortages in Malaysia may not ease so soon. 
Although approval has been granted for the industry 
to recruit 32,000 foreign workers, companies have 
stated that the finalisation of procedures is still in the 
early stage. We understand that more foreign workers 
are leaving Malaysia after getting fully vaccinated, 
and the situation might worsen as the Indonesian 
government has not allowed cross-border travel yet. 
We reckon the earliest arrivals are likely to materialise 
in late-Jan/Feb 22 and hopefully the process can be 
expedited over the next few months. However, the 
impact on production can only come in late-3Q22. 

Price volatility due to frequent government 
interventions. Food inflation has become a big 
challenge for governments around the world and is 
not likely to get better with extreme weather, soaring 
freight and fertiliser costs, shipping bottlenecks and 
labour shortages compounding the problem. From 
handouts to trade rules, politicians are looking for 
ways to neuter the effects of surging costs.

PALM OIL MARKET OUTLOOK



Malaysian Oil Science and Technology 2021 Vol. 30 No. 2 • Copyright MOSTA102

Palm Biofuels  
– Committed to Billions of Support

Khor Yu Leng
PalmTrack

Introduction

Biofuels have been a boon for palm oil and a bane 
for policy makers in both origin and destination 
markets. USD billions are involved. Who is more or less 
committed to spending and paying for it? 

Mandates

Core palm origins have been committed to funding 
mandates even when the food versus fuel prices gap 

widens (see Fig. 1 for palm oil versus gas oil or POGO 
spread rising from USD200/tonne in early-2020 toward 
a remarkably wide USD500/tonne more recently). The 
latter also means need of big pockets and nations are 
similarly caught up with how to transition to non-
deforestation and non-food crop based materials. 

These committed markets fork out USD billions in 
support each year, with the goal of helping domestic 
farmers and/or green/renewable energy goals. The 
key origins surprised markets by pushing biodiesel 
use even though it became much more expensive 

Figure 1. Subsidies for different energy sources, as percent GDP in billion euros in 2019
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than imported diesel. This should be contrasted with 
opportunistic markets like China, which binge-import 
these materials only when the price is right, i.e. when 
vegetable (palm) oil price drops below gas oil price 
in its domestic market in 2019.  Recent Ukraine war 
has caused CPO prices to spike above RM6,500 [see  
Cover chart].

First-generation biofuels include biodiesel supported 
by de facto subsidies in palm origin markets. To 
help Indonesia’s mandatory 30% biodiesel or B30 
programme, USD4.95 billion was collected in crude 
palm oil levies (into the CPO Fund with the bulk spent 
to allow for the more pricey vegetable oil to be used 
as a less costly transport fuel) from farmers and estates 
in 2021. 

While this was expected to save USD4.54 billion (gross) 
in foreign exchange of fuel imports that year, the 
foregone export earnings from palm were not counted 
to explain the net savings, although this is hard to 
figure out as huge exports would crush international 
palm prices. Another policy question comes from 
farmer groups eyeing a more equitable spending of 

the Indonesia CPO Fund for other activities like oil 
palm replanting.   

In Malaysia, support for biodiesel comes from the fiscal 
purse; it does not directly pressure upstream farmers 
and estate earnings. While plantations regularly rail 
against the high overall tax regime, they do not usually 
consider the fiscal cost for its biodiesel mandate. 
For Indonesia planters, the burden of the export 
tax and levy crimp earnings, and fund its expanding 
downstream segment.

The two core palm producing countries have continued 
to support palm-based biodiesel despite recording 
high prices over the last two years. In Thailand, B10 
and B20 programmes have been pulled back to B7 to 
reduce pressure on its Oil Fund and palm exports have 
been encouraged – a Thai miller was glad to report on 
the margin boost relief, within its pro-farmer policy 
regime. 

In the EU, energy subsidies amounted to EUR176 
(USD199) billion or 1-1.5% of GDP in 2019 and 40% 
was directed to renewable energy sources (see Fig. 2 
excerpt), with the goal for climate neutrality by 2050.

Fig. 2 excerpt: “The results of this study confirm that the EU and its member states have to do more to reduce fossil fuel 
subsidies to achieve climate neutrality by 2050 … total financial support amounted to 176 billion euros in 2019 … More 
than 40% of the total energy subsidies were assigned to renewable sources in the past few years. Renewable subsidies were 
up by 6 billion euros (+8%) in 2019 compared to 2015, and in 2020 they decreased only slightly. On the other hand, fossil fuel 
subsidies went up by 2 billion euros (+4%) in the same period.

PALM BIOFUELS - COMMITTED TO BILLIONS OF SUPPORT

Figure 2.  POGO Spread, 2019-2021 [CME Group, “Palm Oil Monthly Update – December 2021”, 13 Dec 2021]
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PALM BIOFUELS - COMMITTED TO BILLIONS OF SUPPORT

Indonesia’s CPO Funding Scheme for Biofuel 
Mandates

First-generation biofuels include biodiesel supported 
by de facto subsidies in palm origin markets. To 
help Indonesia’s mandatory 30% biodiesel or B30 
programme, USD4.95 billion was collected in crude 
palm oil levies (into the CPO Fund with the bulk spent 
to allow for the more pricey vegetable oil to be used as 
a less costly transport fuel) from farmers and estates in 
2021. While this was expected to save USD4.54 billion 
(gross) in foreign exchange of fuel imports that year, 
the foregone export earnings from palm were not 
counted to explain the net savings, although this is 
hard to figure out as such huge exports would crush 
international palm prices. Another policy question 
comes from farmer groups eyeing a more equitable 
spending of the Indonesia CPO Fund for other 
activities like oil palm replanting.

In Malaysia, support for biodiesel comes from the fiscal 
purse; it does not directly pressure upstream farmers 
and estate earnings. While plantations regularly rail 
against the high overall tax regime, they do not usually 
consider the fiscal cost for its biodiesel mandate. 
For Indonesia planters, the burden of the export 
tax and levy crimp earnings, and fund its expanding 
downstream segment.

The two core palm producing countries have 
continued to support palm-based biodiesel despite 
recording high prices over the last two years; and with 
the pressure on cooking oil prices, the two countries 
have to subsidise those as well. 

In Thailand, B10 and B20 programmes have been 
pulled back to B7 to reduce pressure on its Oil Fund 
and palm exports have been encouraged – a Thai 
miller was glad to report on the margin boost relief, 
within its pro-farmer policy regime (based on the 
author’s interview in Dec 2021). 

As stated earlier, EU energy subsidies amounted to 
EUR176 (USD199) billion or 1-1.5% of GDP in 2019 and 
40% was directed to renewable energy sources (see 
the Fig. 2 excerpt).

 

Hydrocarbon Biofuels – HVO & SAF

Looking ahead, palm biofuels will face adjustment with 
a shift toward second generation biofuels: notably 

to renewable diesel (a drop-in biofuel, that does not 
require blending) and with the greening of aviation 
fuel. The industry refers to these as hydro-treated 
vegetable oil and sustainable aviation fuel (HVO-SAF). 
These look to waste feedstocks and the dominant 
International Sustainability and Carbon Certification 
(ISCC) premia for regular palm products have already 
dropped with the swing in demand from core markets 
in the EU and US. Renewable energy specialists are 
upbeat about the slew of announcements from big oil 
about refinery adaptation to process HVO. There are 
also HVO processing announcements for PT Pertamina 
in Indonesia and by a China SOE in Johor, Malaysia. 
Specialist traders are also eyeing SAF demand from 
Asian airlines and airports and further, the greening of 
marine fuel. These will no doubt turn more attention 
on how to produce low GHG CPO. A wider demand 
could benefit more of palm’s upstream players and 
not just the big integrated groups, who are currently 
enjoying high premia for key RSPO certified products 
(which serve specialist food and oleochemical-home 
and personal care applications). Those who seek 
opportunities in new market standards may move 
ahead of those who bemoan them and resist efforts to 
transition to a lower carbon economy. 

Comments on Export of Biofuels [Editor’s Notes] 

The developed world uses disproportionate amounts 
of fossil energy and is obsessed with the ESG and 
now Climate Net-Zero agenda, so that the transition 
to biofuels is an important policy direction. For some 
years PO has enjoyed a market for biodiesel as PME, 
until higher priced RSO is crowded out of the market 
by PO and other animal fats. Now, EU has used EU-Red 
II rules to consider PO as not-ILUC compliant and so 
PO especially PME will be phased out to zero by 2030. 
Similarly, US has ruled PME (without methane capture) 
will not provide sufficient (>60%) GHG savings although 
PO together with SFO have trumped other vegetable 
oils based on LCA values. With all these in place, a new 
economic outcome for biofuel use has arisen – UCO 
is accepted (even with double counting in some EU 
countries) and there is now a global shortage of UCO 
that it is now priced higher than PO. At the moment 
POME-oil for biofuel is also acceptable by EU. This is 
good news for Malaysia and Indonesia as there will be 
environmental benefits from POME-oil and UCO can 
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be saved and frying oil need not be over-used (shorter 
frying cycles and frequent changes to new oil) with 
resulting potential healthier fried foods, as UCO can 
be recycled for a good value. On the cautionary note, 
there seems to be a mad rush to accumulate UCO, and 
it is unknown if best practices will be followed. 

In the US, policies for renewable transportation biofuels 
are quite ambitious as supply may not be achieved. 
The present requirements are politically driven, e.g. 
starch-bioethanol is only 20% GHG savings, while 
cellulosic bioethanol is to be 60% GHG savings and the 
same will be for advanced biodiesel. PME from SE Asia 
without methane capture is considered below 60% 
GHG savings, but presently the status of RSPO-PME 
and RSPO-HVO is unknown. It is not known if US Rins 
subsidies for biodiesel will be able to benefit biodiesels 
other than for US SBO. While US will need imports to 
achieve their biodiesel and bioethanol targets, it is 
not known if the US will import any with the current  
trade attitudes.

HVO, originally of European origin, has now made the 
scene in Asia. Although of higher price, the possibilities 
for wider use as biofuels are more promising. With 
catalytic processing used in petrochemical refining, 
drop-in use for gasoline (petrol) and diesel are possible 
and with further processing or blending, aviation 
fuel is possible. Before all engines are transitioned to 
electric, there will be need of biofuels for transport, 
manufacturing and numerous areas requiring that 
renewable energy such as HVO to replace fossil fuels 
for Climate Net-Zero policies.

Costs of Crude vs CPO.  Brent crude at $80/barrel 
is 17.81 x $80/MT or $1,425/MT or RM5,955/MT ($1 = 
RM4.18) or just slightly less considering calorific value. 
Considering that cost of production of CPO is less than 
RM2,000 per tonne, the Indonesians must be doing 
something right to save petro dollars and saving the 
world from climate warming while helping to be a 
price-maker for PO.

Abbreviations: GHG = Green-House Gases; HVO = 
Hydrogenated Vegetable Oil; ILUC = Indirect Land Use 
Change; LCA = Life Cycle Analysis; MT = metric tonne; PME 
= Palm Methyl Ester; PO = palm oil; POME = Palm Oil Mill 
Effluent; RSPO = Roundtable on Sustainable Palm Oil; SBO 
= soybean oil; SFO = sunflower oil; UCO = Used Cooking Oil

Added Comments from Julian McGill 
[LMC jmcgill@lmc.co.uk] 

The note above is a very sensible summary of the bizarre 
world in which we find the vegetable oil complex been 
plunged by bureaucratic dictate. A few minor points may 
be added:

• I think I am right in saying that whether the palm oil 
can meet minimum GHG savings is only an EU issue. 
In the US it simply doesn’t qualify for their pathways – 
whether there is methane capture or not (though some 
producers may still have access through a grandfathering 
of schemes). One of the major injustices in the EU’s 
decision to limit palm on such pseudo scientific grounds 
was that Asian players had clearly invested to meet the 
sustainability certification required and administered by 
the EU. (ISCC is technically independent but follows and 
interprets the Commissions rules). One response to the 
question often posed to me about whether or not palm 
oil is sustainable is to say that it was certified as such 
under the Commissions own schemes!!

• POME oil is not acceptable as UCO, but rather qualifies as 
an advanced biofuel (Under Annex IX Part B). This means 
it is theoretically more valuable than UCO, as the UCO 
contribution to renewable energy has been capped. 
The problem is the low quality of the material creates 
extreme difficulties in processing (particularly for HVO).

• The US imports vast volumes of waste into California and 
does import HVO from Singapore. (When Neste built 
their plant in Singapore everyone was very confused, 
but it turns out they were very clever: Singapore has a 
free trade agreement with the US).

As suggested the volume of waste available will be 
insufficient to meet demand. I suspect the actual waste 
supplies have already been fully exhausted and much 
of what is sold as UCO or POME today is already being 
augmented with other oils. Anecdotally, processors tell 
me that where these oils once were high in FFA today their 
quality seems very close to that of CPO…

How the market will balance demand and supply is a 
fascinating question. In our view it must mean more 
demand for vegetable oils, as the supplies are ultimately 
interconnected. One example: if US tallow is being hoovered 
up for the production of HVO, what will they use for fatty 
acid production? Clearly palm stearin presents itself as the 
best alternative…

Reference
PalmTrack - KHOR Yu Leng, 4 Jan 2020 ; Feb 2022 
yuleng@segi-enam.com

PALM BIOFUELS - COMMITTED TO BILLIONS OF SUPPORT
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The Golden Era of Oil Palm Production 
Research in Malaysia: My Personal Views 
– Part 2

Chew Poh Soon
[Tan Sri ASH Ong Award Lecture: Presented at OFIC2021 Conference,  

15th July 2021, Kuala Lumpur]

Introduction

Part 1 was published [Chew, 2021] earlier and covered 
the circumstances, formation, objectives and work at 
HRU (1967-1986) and AAR (1986+) companies which 
the author was involved with, the plantation research 
environment and ecosystem for perennial crops as 
well as the convivial and cooperative relationships of 
the research communities in the public and private 
research sectors and professional scientific societies in 
those early exciting heady days of major oil palm area 
expansion and research in Malaysia. HRU and AAR were 
formed to provide sound effective advisory services to 
their Principals (Boustead Estates and Highlands and 
Lowlands for HRU, Boustead Estates and Kuala Lumpur 
Kepong for AAR) and clients, and to carry out R&D to 
support the agronomic advisory services and develop 
new improved planting materials and techniques for 
their clients. 

The large advisory services clientele totalled 150300 
ha in 1986, 249820 ha in 2000 and 428116 ha in 2020 
covering oil palm, rubber, cocoa and coconuts areas 
initially at HRU and then mainly oil palm and rubber 
in Malaysia and Indonesia. The advisory and research 
activities were covered by 14, 23 and 78 Research 
officers and large numbers of supporting staff and 
workers in 1986, 2000 and 2020 respectively. The 
policy was to have all ROs adopt a holistic approach 
to their work and to engage them in both advisory 
services and research which would result in impactful 

scientific research activities with insights into oil 
palm agronomy, breeding, tissue culture and crop 
management practices for high productivity, yields 
and efficiency.  

Despite the big advisory services programmes, 
research strategies to engage mainly in key priority 
areas employing sound scientific principles were 
formulated and implemented. The many management 
difficulties (lengthy, time consuming tasks) and high 
costs of the numerous long-term research field trials 
and laboratory experiments required were overcome 
with the continuous moral and financial backing from 
the Principals, Directors, Estate managements and 
especially from the dedicated research teams. 

Many key research objectives were achieved for  oil 
palm covering 1) breeding and selection for improved 
higher yielding from shorter DxP hybrids, 2) large scale 
tissue culture production techniques of elite palms 
including new re-cloning and culture techniques, 3) 
studies on the oil palm ecosystem, carbon and biomass 
assimilation of palms and vegetation, and processes 
involving water and nutrient cycles, 4) oil palm nutrient 
responses and requirements through fertiliser trials, 
leaf and soil nutrient analysis and nutrient balance 
studies, nutrient efficiencies of different fertilisers  
and 5) development of AAR INFERS with site specific 
fertiliser recommendations model for recommending 
annual fertiliser application rates are discussed. The 
results are now widely used in AAR Advisory services 
and recommendations.
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Part 2 continues with more results and discussions 
of the positions of the remaining priority oil palm 
research programmes, and thoughts and suggestions 
for short and long term research areas, topics and 
action required to usher in a new golden age of 
research to overcome the current main problems 
and issues that are facing our Industry now. These are 
needed for a Second Golden Era of Research to bring it 
to a new higher level of resilience to be successful for 
at least another 100 years of a sustainable and thriving 
oil palm industry in Malaysia.   

Abbreviations. AAR = Applied Agricultural Research Sdn. Bhd.; 
AeGIS = Advanced electronic Guidance and Instrument System; 
AI = artificial intelligence; BSR = basal stem rot; CPO = crude 
palm oil; CRISPR = Clustered Regularly Interspaced Palindromic 
Repeats method for gene editing; D = Dura; DOA = Department 
of Agriculture; FELDA = Federal Land Development Authority of 
Malaysia; FFB = fresh fruit bunch; GHG = greenhouse gases; GIS 
= Geographical Information System; GPS = Global Positioning 
System; H&L = Highlands & Lowlands; Ha, ha = hectare; HR 
= human rights; HRU = Highlands Research Unit; INFERS = 
Integrated Fertiliser Recommendation System;  IR4.0 = 4th 
Industrial Revolution; IoT = internet of things; IT = information 
technology; MARDI = Malaysian Agricultural Research and 
Development Institute; MD = managing director; MPOA = 
Malaysian Palm Oil Association; MPOB =Malaysian Palm Oil Board; 
MPOC = Malaysian Palm Oil Council; N = nitrogen; NGO = non-
government organization; OER = oil extraction rate; OFIC = Oils 
and Fats International Congress organized regularly every two 
years by MOSTA; OY = oil yield; P = Pisifera; PKO = palm kernel oil; 
PORIM = Palm Oil Research Institute of Malaysia; RO = research 
officer; RRIM = Rubber Research Institute of Malaysia; RS = remote 
sensing; RSPO = Round Table on Sustainable Palm Oil; SYP = site 
yield potential; T, t = tonne; yr = year  

5. Pests and Diseases of Oil Palm

a) The main pest researched is the rhinoceros 
beetles (Oryctes rhinoceros). The principal projects 
were to try to: 

i. Stop/reduce their breeding in the fields with 
large presence of trunk biomass especially at 
replanting stages  

ii. Use drones for spot spraying insecticide to stop 
spear leaf damage and to kill the rhinoceros 
beetles.

Rhinoceros beetles, which bore into the spears of all 
ages of palms to feed on, are a chronic pest. The leaf 
damage and yield reductions have exploded since 
‘no burn’ enforcement in 1989 in large plantation 
companies. The damage is usually worst in estates with 

continuous replanting fields and convenient presence 
of young replantings due to the large amounts of 
biomass for breeding. The severely cut up fronds result 
in significantly reduced growth, lower yields and even 
plant death where the apical meristem is damaged 
[Chung et al. 1999]. 

Field trials showed contamination of their breeding sites 
with Metarhizium were impractical and using the trunk 
pulverisation technique [Ooi and Heriansyah, 2005] is 
now commonly used to speed up its decomposition. 
However, it is very expensive and slows down the 
land preparations and replanting programmes for 
large-scale replants especially. Besides, the impacts 
on Ganoderma propagation and infections have not 
been fully studied but probably the removal of the 
trunk biomass will be very beneficial to control the two 
severe problems.      

Advances in reducing the labour needed, speed and 
effectiveness of cypermethrin spraying in young 
palms have been achieved recently through AAR 
collaboration with a local drone company Poladrone 
(https://www.poladrone.com/oryctes.html) to 
autonomously precision spot spray onto the spear 
region of young palms. 

This new system has 3x higher manpower productivity 
with accurate precise spraying and dosages, ability to 
work in all terrain and access conditions, with coverage 
of 2 ha per day and possibilities of extended hours/shift 
work, greater safety to the workers and environment. 
It is hoped to test this system widely in all the estates 
soon.

b) Ganoderma Basal Stem Rot (BSR) disease caused 
by Ganoderma boninense 

This major disease threat to sustainability of the Palm 
Oil Industry is the focus of the Pest and Disease 
section and the research studies cover

i. Ganoderma fungus: Its Biology, Physiology, 
Aetiology and Epidemiology 

ii. Early detection and control of BSR infected 
palms

iii. Biological control of G. boninense

Due to its importance, a holistic and comprehensive 
multi-pronged research strategy and approach 
involving the Pathology, Biotechnology molecular 
laboratory, Plant Breeding and Agronomy sections 
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was developed to investigate and control this disease. 
The results on epidemiology and spread of the disease 
on different coastal soils showed that BSR incidences 

were higher in Jawa acid sulphate soil compared to 
non-acid sulphate Selangor and Briah soils with very 
rapid spread if uncontrolled [Chen et al., 2012].

Following this and collaborative observations on 
effects of low soil pH, Goh YK et al. (2020) reported and 
established relationships between soil microbiome and 
BSR incidence in oil palm fields with different levels of 
infections and different soil types. The results showed 
that soil properties such as soil pH and presence of 
other soil micro-organisms affect the speed and levels 
of disease infections.

From their studies on the biology and genetic diversity, 
spread and distribution of G. boninense, infectivity and 
aggressiveness of the pathogen appeared to be linked 
to its genetics [Goh YK et al., 2014]. Primarily, the virulent 
pathogen possesses pathogenesis that permits a high 
rate of reproduction, efficient dispersal mechanism, 
high capacity to generate genetic diversity which 
permits adaptive mutation to be selected among the 
individuals. Subsequent sexual reproduction would 
create new recombinants capable to survive, adapt 
and infect the hosts [Wong et al., 2021] 

Earlier results showed pathogenicities of G. boninense 
isolates from 12 different estates located in 7 states 

varied in their aggressiveness against nursery seedlings 
ranging from 63% to 4% based on the disease severity 
index used [Goh YK et al., 2014].  Pathogen variability 
and population structures could be useful information 
therefore to understand the epidemiology of G. 
boninense and also the impacts of plantation practices 
to control the disease.

For biological control, fungal parasites on G. boninense 
were detected in the fields [Goh YK et al., 2016] and the 
first lab tests ever on their pathogenicity indicated 
that Scytalidium may be a promising biological control 
agent [Rafidah Ahmad et al., 2020]. This important 
result needs to be further verified in the fields against 
Ganoderma. 

Two plant hormones salicylic (SA) and jasmonic acids 
(JA) involved in plants’ defences as well as medium 
pH showed different effects on the  G. boninense 
isolates that were tested. The degree of inhibitory or 
promotional effects on the growth of G. boninense and 
the level of G. boninense mycelial hydrophobicity by SA 
and JA were isolate dependent [Ong et al., 2018].

Figure 5: Soil Type Effect on Infection & Spread of BSR on coastal soils [Chen et al., 2012]
N.B.: Black-dead, red/yellow-infected and green healthy palms
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These new insights on possible biocontrol measures 
against G. boninense should be researched further 
intensively to relieve the industry against this serious 
threat to its sustainability.      

6. Management Practices for High Precocity of  
 Immature Palms

Management practices to achieve the known high 
precocity of oil palms were developed and shown in 
field trials including the following:-

a. Better land preparations, improved and more 
efficient drainage and planting systems in the 
fields with replanting aided by the latest Digital 
Elevation Models (DEMs), remote sensing, GPS and 
GIS techniques [Tey and Chew, 1997, Tey et al., 2000]

b. New planting and replanting practices for 
precocious high yielding palms

c. Improved fertiliser programmes based on fertiliser 
trials and nutrient balance techniques

d. Improved establishment of leguminous cover 
crops and more shade tolerant leguminous 
species, Mucuna bracteata

e. Improved rhinoceros beetle control through 
regular 10 to 14 day rounds spraying with 
cypermethrin to the spear region that also caused 
reductions in beetle populations

f.  Use of AA+ plastic mulch to improve soil moisture 
retention, fertiliser efficiency, reduce manpower 
requirements for weeding, fertiliser applications 
and spray drift damage to the seedlings [Quah et 
al., 2002, Ng and Goh, 2008].

Availability of this package of improved terrain 
agronomic and management practices from AAR 
and Industry’s trial results have enabled managers to 
achieve higher precocity, more uniform plantings and 
high early yields, improve soil conservation and health. 
Parameters and scoring systems for land preparation, 
nursery set up, immature and young mature palm 
and field Inter-row maintenance and upkeep were 
developed for use by management. 

The importance of high precocity and good early 
yields was emphasized by Goh KJ et al. (1994). They 
showed that without good initial management inputs 
and achievement of high early yields, the fields have 

only 2% probability chance to reach 30t FFB per ha at 
peak yields. In contrast, fields with high first year yields 
of 20 t FFB/ha had 73% chance of attaining the same 
peak yield level.

7. Mechanisation, Drone and GIS/GPS/RS  
 Applications

The studies involved the following areas primarily:-

a. Time and Motion and other evaluation studies on 
many FFB evacuation and Loose Fruit collection 
machines

b. Contributions to development and evaluation of 
improved lighter and more productive PalmPro 
pole and cutting Samurai sickle for harvesting 
in tall palm areas by TenAsia SB (https://tenasia.
com.my/). The sickle is still under evaluation but 
appears very promising with lower weight and 
easier to handle, better retention of sharpness 
and requires less time sharpening. Indicated 
productivity increases for the PalmPro and new 
sickle in tall palm areas are about 20-30% 

c. Introduction and establishment of productivity 
and accuracy benefits of the Verion Precision 
Fertiliser applicator from Verion Agricultura of 
Argentina (https://www.agriculturaverion.com.br/
empresa)

d. Drone and RS applications for field preparations 
and drainage/terrace planning and construction, 
palm counting, and periodic growth, size, pest, 
disease and nutrient status  assessments to detect 
changes as early as possible.

The research and development here is to enable estate 
staff and worker teams to be more productive and 
efficient, more precise and also work with less risk and 
labour.

Mechanisation of estate operations was a difficult area 
with mainly relatively small incremental improvements.  
However, the two recent significant AAR contributions 
from collaborations with TenAsia Co. on PalmPro 
harvesting poles and sickles, and development since 
2017 of the Verion-AAR Smart Fertiliser applicator 
promise significant improvements. The latter 
machine can distribute two fertilisers to the palms 
simultaneously and evenly at the recommended rates 
in the palm circles and inter-rows. After completion, 
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it produces an accurate area of application map to 
show all the fertilised palm areas in the fields. The 
distribution and evenness of spread of the fertilisers 
have been verified and soil nutrient contents checked 
to confirm very satisfactory results (Ng 2019). Some 
further improvements in the last two years were made 
to reduce rust and corrosion problems, use smaller 
600 kg payload machines for our smaller tractors and 
reduce soil compaction problems.  The latter machine 
can still fertilise 30-40 ha per day with good accuracy 
and precision to all palms in accessible areas which is 
15-17 times higher than the old manual systems.

The major operational problems of achieving correct 
timing, good distribution and uniform fertiliser 
application rates to every palm in the fields where 
access is possible are largely resolved. Also, very 
importantly, costs are significantly reduced as straight 
fertilisers can be used. With the savings in wages 
and additional significant cost savings with straight 
fertilisers, the machine cost can be recovered in 6 
months or less.    

8. Database and Information Technology  
 Developments

Managers now usually have charge of larger areas 
than previously. Access to accurate timely data and 
information on estate operations and results are 
therefore vital for good assessment and decisions. 

AAR converted its manual agronomic advisory  
database with annual records of fertiliser applications, 
leaf and soil analysis, growth and yield data for 
individual fertiliser blocks to a fully digital and GIS 
database in the 1990s [Heng, 2001] and pioneered 
the use of GPS and GIS for accurate field and estate 
mapping [Tey and Chew, 1997] and handheld 
field digital recorders [Ng et al., 2000]. Active GIS 
developments started with satellite images and a 
large array of applications including from drone 
images now has been developed. Easily portable 
digital phones, cameras and portable communication 
devices have vastly improved the speed and ease with 
which accurate reports on estate and palm issues can  
be made.    

The principal management digital applications and 
technologies developed in-house are used at AAR and 

listed below:-

a. Fast and informative digital AAR AeGIS Database 
of Agronomic and related Management data 
including GIS/GPS maps of all Advisory estates  
available in hand-held devices in the fields to 
input data and transmit them in real time (where 
suitable internet links are available), to linkage 
with AAR database, and superimposing RS images, 
terrain, soil and field maps  

b. Digital portable tracking devices and maps for 
location identification for field use

c. Digital field assessments for palm stands, growth 
and yields using RS techniques

d. Identification of specific low yielding harvesting 
tasks in individual fields for detailed checks, 
verification and corrections

e. Monthly rainfall probability tables for all advisory 
estates with minimum 8 years of rainfall records for 
use by agronomists and managers to plan fertiliser 
applications and work schedules for field planting, 
upkeep, road and drain work etc.

These practical useful AAR in-house developments 
allow instantaneous access to large sources of data 
and information in the users’ palms in areas with 
internet connections and are invaluable for effective 
site-specific approach and practices as advocated and 
implemented [Chew, 1998a, Goh KJ et al., 2000b, Kok et 
al., 2000, Goh KJ et al., 2002]. 

The multi-disciplinary collaborations applying data 
from AAR’s network of agronomic and fertiliser 
response trials supplemented by other trial and research 
results in Industry have also led to the developments 
of key site-specific based application systems at AAR 
i.e. INFERS (Integrated Fertiliser Management System) 
and the Site Yield Potential (SYP) and Yield Gap 
Approach to ensure site-specific fertiliser inputs, and 
good palm and yield performances in estates under 
its advisory services. Validation of the SYP model was 
demonstrated by Kee et al. 1999. 

The other important factor to make these systems 
effective has been integration of management 
practices and their qualities into the systems. This 
allows clarity to management to see and assess their 
roles and impacts on the results achieved and inputs 
needed and to take necessary action. 
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AAR’s IT section working closely with statisticians, 
modellers and agronomists has contributed greatly 
to facilitate and implement the AAR agronomic 
management systems for the advisory estates more 
effectively and seamlessly.    

 9. AAR INFERS Fertiliser Management System

a. This site-specific AAR INFERS advisory fertiliser 
recommendation model has been discussed 
earlier and is outlined in Fig. 6. 
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Figure 6. AAR’s INFERS (Integrated Fertiliser Recommendation System) basic model inputs and outputs scheme 
[Kee et al., 1994].

Figure 7: Primary site factors and their relationships in the AAR Oil Palm Site Yield Potential Model  
[Goh KJ et al., 2000a]
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10. The Site Yield Potential (SYP) and Yield Gap Model 
Approach System 

a. This system was developed to predict maximum 
achievable yield targets in specific sites taking 
the factors outside management control into 
account, and to identify and correct the deficient 
agronomic inputs and management practices by 
the agronomist and management staffs. Again, 
it makes full use of the field and estate data that 
includes field observations and assessments 
by management and the agronomist on the 
deficiencies, their severity and extents noted. 

The SYP is based on the individual field characteristics 
such as the type and source of planting materials 
planted, palm stands and uniformity, the planting 
patterns used and quality, physical characteristic 
of soil/s present, and historical weather and rainfall 
records. Another useful output is that in well managed 
fields, an assessment on the effectiveness of inputs 
and quality of fertiliser applications is possible.  

b. The Yield Gap model is based on the SYP with the 
yield gap being the difference between the SYP 
and actual yield realised (Fig. 8). 
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Figure 8: AAR Yield Gap Analysis System and definitions [Goh KJ et al. 2000a]

Figure 9. Yield Improvements after implementation of Site-Specific Practices and Yield Gap Approach  
in 1986 in a big oil palm complex (8757 ha in contiguous blocks planted between 1972 and 1976) in P. Malaysia 

[Goh KJ et al., 1994].
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After planting, the main yield limiting factors are in two 
broad groups, 1) the agronomic yield reducing factors 
e.g. nutrient deficiencies, pest damage, over-pruning 
and 2) management yield loss factors e.g. from poor 
harvesting and under-pruning. These yield reducing 
factors are checked by management staffs and the 
agronomist to determine the main factors causing 
the estimated yield gap, the extent and magnitude 
of yield loss, and if by removing and correcting them, 
SYP can be attained. This then forms the action plan 
for management to work on so as to raise the yields 
to SYP. 

The developments of the INFERS model, Site Yield 
Potential and Yield Gap Approach system were 
therefore the culmination of the research and field 
trials initiated at HRU, refined and completed at AAR 
after further research findings, trials and evaluations 
over about 30 years. More improvements are being 
developed especially with use of the latest IT, RS and 
GIS applications.

Good positive large-scale examples of these 
implemented previously in the estates have been 
clearly demonstrated in these examples (Fig. 9. 10, 11).
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Figure 10. Improvements in Oil Palm Yields from a multi-disciplinary Site Yield Potential and Yield Gap Analysis 
Approach on a 2012 ha non-Principal’s estate [Goh et al., 2005] 

Figure 11. FFB Yield Results in IOI Group P. Malaysia estates (41853 ha) for 3-year periods  
before and after implementation of SYP and Yield Gap Approach [Mathews et al. 2006]
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In conclusion therefore, the above results demonstrate 
the effectiveness of identification, understanding and 
quantification of yield losses in the fields due to limiting 
agronomic and management factors, and their early 
removals resulted in significant yield improvements 
close to or reaching the SYP.     

Further research developments and improvements of 
superior yielding and more easily managed planting 
materials including clones, more precise knowledge 
of the yield losses involved in individual fields from 
poor planting practices and other factors, and their 
impacts on  growth and yields are still required 
e.g. new palm growth parameters with changes in 
planting materials, modelling for efficacies of nutrient 
inputs and better techniques and methods to identify 
and to close the yield gaps seen quickly in individual 
fields remain. However, the basic scientific agronomic 
and management practices and inputs to achieve SYP 
consistently and maintain palm and soil health as well 
as facilitate and improve management systems and 
productivity of workers in the estates are in place. 

AAR in recent years, besides continuing its traditional 
breeding, agronomic and IT R&D programmes, has 
embarked on further in-depth research with various 
Institutes of Higher Learning. The objectives of some 
of these programmes are outlined below:-

11. Biotech Research Laboratory at AAR-UNMC  
 Biotechnology Research Centre 

a.  Genotyping AAR breeding germplasm and 
planting materials produced including clones 

b.  Identifying G. boninense isolates, their 
epidemiology and pathogenicity, and tracking 
spread in affected fields

c.  Use of molecular markers for embryogenesis and 
liability to mantling of tissue cultures

12. Environmental Microbiology Laboratory

a.   Assessments of biofertilisers available 
commercially

b. Development of beneficial microbial products 
e.g. N2 fixing bacteria or fungi antagonistic to G. 
boninense, P solubilising bacteria and others

c.  Identification and propagation of micro-organisms 
which improve soil health that enhance nutrient 
and water uptake by the oil palm.

Some of their early results have been discussed. Besides 
their own research, the integration and research 
support from the Biotechnology and Microbiology 
laboratories have enabled the Plant Breeding team to 
embark on molecular assisted breeding and selections 
and also enhanced the work of the Pest and Disease 
teams on the important BSR disease and other  
leaf diseases.

Discussions – Future Oil Palm Production Research 
and Action Needed

The oil palm industry has seen enormous growth 
and research successes over the past half century 
in Malaysia and contributed greatly to its economic 
growth and social development.  It is one of the few 
local industries which has a global competitive edge 
and became the acknowledged leader in the highly 
competitive oils and fats world in terms of productivity, 
technologies, quality, resources and services. The 
results are evident in the country’s rapid economic 
development and stability, and subsequent large 
trading and utilisation successes of palm oil around 
the world. Indonesia which overtook Malaysia as the 
world’s largest producer in 2006 now shares much of 
the successes of this research.

However the prognosis for the industry’s future 
success in Malaysia is not as bright now. The failures 
of the large rubber and cocoa plantation industries 
within my career are grim reminders if research 
fails. We now need another Golden Era of Oil Palm 
Research to improve yields sustainably and to lift 
it out of its current unsustainable low yield plateau 
rut so as to sustain high interest and continued long 
term investments. There is no suitable large scale crop 
replacement within sight for the nearly 6 million ha of 
oil palm in Malaysia now.

Recently, MPOB’s Director-General flagged four priority 
research areas, namely 1) improved yield performance, 
2) sustainable development, 3) mechanisation and 
automation, and 4) food safety and nutrition for MPOB 
to improve the industry’s sustainability [Ahmad, 2021]. 
These four priority areas are certainly important, but 
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these crop production objectives clearly have been 
Industry’s and MPOB objectives for many years now. 
So, we need a hard realistic examination at the previous 
research, their results and ask ourselves where and 
why we have not done well enough. 

Now we may not have the luxury of time and must 
target results for the required improvements within 
definite time-frames. In my view, for the short (3-5 
years) to medium (6-10 years) terms, we need to focus 
on working very hard on and take the following actions 
to succeed:-

1. Yield performances: getting off the low national 
yield plateau of about 18-19 t FFB/ha/yr since the 
late-1980s  and raising yield levels are essential as 
costs e.g. of labour can be expected to keep rising 
rapidly to attract more to join the industry and 
squeeze profit margins. This is imperative as the 
characteristically volatile product prices are out of 
producers’ control. As indicated by AAR’s results 
discussed, the basic knowledge, management 
methods and agronomic systems have been in 
place for at least two decades now. 

More talk and discussions as happened after raised 
awareness of the low national yield plateau by 
Tinker (2000) with no less than six Industry seminars, 
workshops and courses organized are not needed. 
It is clear from large scale yield improvements 
demonstrated in Fig. 9, 10 and 11 that quicker and 
better implementation of best planting practices and 
fertilizer inputs are what are required [Chew and Goh, 
2003].  

Our Industry needs leaders and managers who can 
see, understand and appreciate that they have to look 
within their organisations and teams for the answers. 
“Making Good Managers and Agronomists” was 
discussed at a previous MOSTA meeting [Chew, 2012] 
and the conclusions still appear applicable today:- 

• Industry needs to produce leaders in management 
and agronomy, employ more bright young people 
and nurture them.

• Fast track potential leaders to emerge soon to take 
it into the future. 

• Many variables and changes occur over time, so 
active interactions, multi-disciplinary and team-
based solutions are vital for best decisions. 

• All must be clear on agronomic and management 
factors and best practices affecting productivity 
and efficiency on the estates.

• Companies need to groom and retain a critical 
mass of leaders to take good care of interests here 
and abroad. Good company culture is vital.

• Training programmes required are challenging but 
doable in view of available expertise still. However, 
there is no time to waste as expansions continue, 
challenges to sustainability increase and more 
retirements occur.

Higher but relatively low plateau yields are seen even 
for large plantation companies. All the main yield 
reducing factors and problems causing low yields are 
apparent visually in the fields. So, what is not right and 
needs to be done should be obvious.  

2. Worker productivity and availability have been 
quoted regularly, with recent chronic shortages 
due to the Covid 19 pandemic highlighting this 
issue. Adoption of the best available improved 
tools, machines and equipment and IT technologies 
to improve productivity and efficiency, reduce 
workers’ burden and risks is needed. Significant 
advances have been made as indicated earlier 
which should suit more local workers but for some 
tasks e.g. tall palm harvesting, heavy reliance 
on foreign workers will continue and use of the 
PalmPro or similar poles and sickle is imperative. 
Easier processing by the Government for the 
essential foreign workers to join the Industry  
is needed.

3. Sustainability issues are inherently important 
and appreciated by most due to our long term 
investments and reliance on the oil palm. 
However, the barrage of often unfair and 
unreasonable criticisms by extreme anti-palm 
oil environmentalists, trade campaigners, and 
Human Rights campaigners continue. This is 
most discouraging to us in the Industry but also 
discourages others from investing and misleads 
consumers to avoid buying palm oil based products 
made by our MOSTA friends and colleagues in 
the food and other industries. Further new uses 
and developments of beneficial useful palm oil 
products are also discouraged as a result.
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This major problem probably has four main parts:-

a. Ganoderma BSR disease. Protection from this 
very serious and infectious fatal disease with ‘no-
burning’ of old palm biomass policy enforced 
since the mid- 1990s is needed. AAR results show 
the fungus produces new isolates of different 
pathogenicities to infect the palms. The trunks’ 
biomass also provide excellent breeding sites 
for the major rhinoceros beetles pest. Better 
understanding of the biology, genetics and 
aetiology of G. boninense and the roles of various 
soil microbiomes as well as possibilities of 
biological control are required to reduce future 
BSR incidence. 

b. Utilisation and exploitation of the large biomass 
and waste products which are major production 
components of the oil palm have been much 
discussed and researched. Palm oil is a small 
fraction of the large amounts of energy captured 
and total carbon assimilation of the oil palm (Fig. 
12) but no significant progress in commercial 
utilisation of the much bigger fraction biomass 
produced has been achieved. Their removal will be 
very significant improvements in the crop’s carbon 
footprint and also result in reductions of two major 
serious disease and pest problems.  

Figure 12. Estimated Oil Palm Biomass Production (dry weight, t per year) [MPOC]

The large biomass including the palm trunk sap and 
fibre residues can potentially be used for sugar and 
fermented products as well as in the wood, paper and 
pulp industries or for more biogas production. MOSTA 
members’, FRIM and MPOB research contributions 
and Government incentives towards their large scale 
commercial utilization are eagerly awaited. 

c. Objective Scientific Environmental and Climate 
Change impact studies. Oil palm cultivation 
is generally considered as carbon negative 
for the environment with deforestation 
and especially peat carbon losses usually 
included and so, stigmatised as contributing 

significantly to GHG emissions, Climate Change 
and biodiversity loss. Yan (2017) has cursorily 
described it as the “world’s most hated crop”.

 Malaysian oil palm plantings from forests have 
reduced significantly from the 1980s and now 
are less than 1%. Moreover total deforestation 
in Malaysia and Indonesia for oil palm is only 
about 3% of world deforestation. Oil palm has 
many advantages over other oilseed crops with 
smallest GHG emission footprint per litre oil 
produced, lowest cost of production, one of 
most profitable crops for farmers and a major 
success story to alleviate rural poverty.  Finally, 
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to meet expected world demand for edible oils, 
increased deforestation can only be stopped by 
planting more oil palm. Furthermore, Malaysia has 
capped total plantings at 6.5 million ha by 2023 
[Tan, 2019]. Besides these arguments, of all the 
oilseed crops, the oil palm hosts the most animal 
and plant biodiversity, uses the least amount of 
fertilisers and phytosanitary products and has the 
most extensive and collaborative sustainability 
structure to govern its production methods [Roda, 
2019, d’Enghien 2020].

Nevertheless as the strong negative perceptions persist 
and continue to be fostered, a major independent 
open, objective and transparent scientific study and 
review on all ecological and environmental aspects of 
planting oil palm by recognised foreign experts with 
local Industry and national experts also participating, 
is desirable. Our Industry should seek out the best 
available experts to make these in-depth scientific 
studies and also provide ideas for areas and practices 
to improve where required. The independent High 
Carbon Stock Science Study [Raison et al., 2015] 
previously sponsored by the Industry is probably a 
good model arrangement for this.

d. Human Rights and worker welfare including 
forced labour issues are frequent targets 
for the anti-palm oil campaigners as 
highlighted by the US Customs Border Patrol 
actions against palm oil imports into that  
country recently. 

 Where deficient still, Malaysia’s labour laws 
and worker’s rights should be strengthened 
appropriately but probably more internal 
enforcement checks and proper conduct by 
all within the estates monitored actively by 
management, and greater transparency are also 
needed and in the interests of all. 

 Again, a thorough independent study by 
International labour and legal experts with local 
counterparts for creditability and transparency of 
this difficult complex problem is recommended. As 
foreign workers and international laws, practices 
and relations are also involved, Government should 
arrange, sponsor and spearhead this study which 
can also probably cover other major Industries.      

 Finally public perception and acceptance is very 
important. The media’s role is paramount and we 

need to communicate more effectively for greater 
transparency of practices and standards achieved. 
We should actively spread positive good news 
about Industry achievements, socio-economic 
benefits and scientific progress more regularly, not 
only to correct wrong public perceptions but also 
attract and draw the bright people we need to enter 
the Industry. We should also emphasise the roles 
of science, innovations, inventiveness and modern 
technologies behind the achievements in planting 
practices and management breakthroughs. This 
will also correct wrong perceptions and images of 
an old slow moribund Industry resting on its past 
glories and achievements.     

Simultaneously, longer term research (10 years+) 
strategy must proceed quickly to increase the 
Industry’s resilience and future proofing. The key areas 
are probably mainly in:

1. Plant Breeding and Selection: Its nature of careful 
systematic breeding and selection makes it long 
term e.g. each breeding generation takes 10-
12 years. New significant improved breeding 
techniques (CRISPR and molecular marker tools), 
methodologies and selection ability (plant 
metabolics, eco-physiology parameters) as well 
as the extensive germplasm collections should 
be exploited to try improve and speed up the 
programmes to improve oil yields, produce more 
management friendly easier to harvest and shorter 
palms and more resilient and tolerant palms to BSR 
disease and moisture stress etc.

2. Tissue culture: More efficient technology is required 
to exploit breeding advances better and quickly. 
Problems are experienced still with relatively low 
success rates especially at embryogenesis and 
for cultures amenable to successful liquid culture 
techniques. Further improvements required are in 
use of other easier and less destructive tissues than 
the spear for cloning, markers for tissue culture 
success and susceptibility to mantling at ortet and 
culture stages as well as automation of the labour 
intensive sterile culturing processes.

3. Oil Palm agronomy and management need 
investigations into biomass partitioning and 
nutrient uptake of new widely used planting 
materials with different morphologies and dry 
matter production with implications on fertilizer 
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requirements and more effective utilisation and 
treatment of old palm biomass in replanted fields, 
reductions and alleviation of soil moisture and 
nutrient including micronutrient stresses and 
countering potential soil compaction and health 
issues with increased mechanisation, and impacts 
of long term use of fertilisers, herbicides and other 
agrichemicals.

The continued controversies from use of glyphosate 
and agrochemicals in other crops on human and 
soil health come to mind. So, these effects also 
should be studied to convincing conclusions by  
appropriate experts.   

4. Pest and diseases research should continue to 
focus on understanding the biology, etiology and 
infection methods of G. boninense and its different 
isolates as well as improved early detection and 
bio-control of the disease. Tolerance of future 
planting materials against this disease should be 
tested. Potential serious new leaf diseases like 
Pestalotiopsis should be thoroughly researched 
and awareness of the dangers of more genetically 
narrow and uniform planting materials always 
borne in mind in planting material distribution in 
the fields. 

5. Environmental Microbiology in oil palm 
ecosystems has been under-researched in view of 
its probable importance in so many soil and field 
ecological processes with implications on nutrient 
requirements and soil health, nutrient balance and 
cycling as well as on disease incidence and the 
environment. Intensive research in this difficult 
area will provide more insights on their impacts on 
ecosystem functions and also produce potentially 
better practices, microbial products and better oil 
palm performances and ecosystem health.   

6. IT and Mechanisation research. Prospective use 
of sensors, data communications wirelessly and 
precision agriculture IR4.0 technologies with 
autonomous aerial and ground vehicles to carry 
out work in the fields and also collect big data for 
effective analysis and decision making using IOT, 
AI, machine learning and RS technologies are the 
rage currently.

 Innovations and ideas from the vigorous IT 
companies and Industry needs will drive the 
current improvement process e.g. development 

and testing of autonomous bigger payload drones 
to carry out more precise spot spraying techniques 
for pest control and weeds for maximum efficiency 
and autonomous vehicles for FFB evacuation and 
transport. More incentives and support for much 
needed efficient tall palm harvesting machines are 
also needed to capture the interest of technology 
companies.

 The rapid developments and changes in IT and 
also opportunities and potentials for automation 
and more productive and efficient mechanization 
need continuous active scouting and evaluation 
of promising technologies and potential products 
available. A very active “Industry-aware” team at 
MPOB committed to searching and testing of new 
developments in technologies and equipment/
machines available should speed up the testing, 
evaluation and adoption processes for Industry 
but ultimately Government and Industry financial 
support and backing will probably be needed.      

MPOB with its greater research and scientific expertise 
and facilities should specialize in more basic scientific 
and especially the long-term studies such as listed 
above for prospective break-through products, 
practices and applications in the industry. 

7. More specialist studies outside traditional Industry 
specialization such as Human Behaviour and 
relations, and management experts to study 
corporate culture and adoptions of new practices 
and thinking for happy and healthy living in the 
estates are also required by experts in these fields. 

Other relevant research areas include ways to 
attract more young locals to work at all levels in the 
Industry, and what are needed to overcome the rural 
locations and other vagaries involved, impacts of 
large contingents of foreign workers are having on 
local workers and their future intakes, socio-economic 
impacts of the estates regionally and nation-wide.

To a large extent in view of the large labour force and 
our reliance on them, we are a “people’s industry”. 
Due attention to acquire continuous intakes of 
management and research talent, good training, 
development of right culture and attitudes and also in 
respectful human relationships to nurture them to be 
the best is required. The estates also need to develop 
a convivial culture and living conditions. Winning 
the respect, loyalty and friendships of the staff and 
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workers will be an essential element for future success. 
These critical issues need more attention and research 
for the best practices to succeed.

Clearly individual Companies cannot sustain the 
recommended large specialist studies and long-term 
research programmes. However working together, 
they should promote and pro-actively interact and 
work closely with MPOB and other Industry/University 
researchers and experts to achieve the desired results, 
knowledge and information. With active support from 
the Government, this will make sure that Industry’s 
important R&D needs and concerns are met, and 
results can be implemented to improve and remove 
and reverse negative perceptions on sustainability of 
the Industry.

It is obvious therefore that there are still much to do 
to make the Industry more resilient and  placed on 
solid investment footing for the next 100 years and 
to reassure the general public and consumers of its 
high productivity, quality, sustainability and ‘green 
credentials’ especially when compared to other oil 
seeds to meet world demand for edible oils. Scientific 
data and peer-reviewed papers from well conceived 
R&D is vital for this but the ‘low hanging fruits’ have 
been collected. Future research will likely require more 
difficult and intensive studies and involve the efforts of 
significant research teams, hence the need for Industry 
and Government to ensure that this is achieved in 
timely fashion. 

There is high reliance on MPOB, the best resourced 
and funded research organisation in Malaysia. Industry 
should therefore cooperate and be more interested 
and participate in their R&D programmes and projects. 
However, more competition for part of the palm oil 
cess research funds and offering some key research 
projects to open tender for competition with other 
local and foreign Universities and Research Institutions 
should be healthy for all and spur the need for good 
science and results.  Private Industry research and 
external experts must continue to be supported to 
motivate and drive useful practical research objectives, 
innovation and efforts of the whole Industry research 
ecosystem [Chew, 1998b]. 

Hopefully this paper on scientific achievements and 
results by AAR has demonstrated the important 
contributions possible by Industry Research to 
improve productivity and efficiency, and also 
achieving our sustainability agenda goals. The large 

private companies are key drivers and adopters for 
innovations and improvements e.g. absence from the 
rubber and cocoa industries in the last 30 years has 
affected their outlooks negatively. Therefore large 
plantation companies must be actively encouraged 
to maintain their independent research programmes 
and contributions to interact, compete, promote and 
stimulate further research and innovations.

As in the past, the research community must continue 
its healthy cooperation and interactions to drive a 
second golden era of production research to succeed 
in the new R&D production, efficiency, healthy 
environmental ecosystems and sustainability goals. 
Combined with clear directions and actions required 
by management for the staff, workers and families, 
good working relations and advancements in their 
careers, and support and nurturing of its scientific 
research community, it should be able to prosper the 
Industry and country further and avoid the likely sorry 
fates of other under-researched commodity industries.

This second Golden era of oil palm production research 
in Malaysia should aim therefore for a prosperous, 
resilient and sustainable Industry for the next 100 
years and utilize the crop’s great ability to harness 
energy from the sun with the following main realisable 
objectives nationally:

1. 6.5 t CPO per ha or 27 t FFB at 24% OER and 0.6 t 
PKO per ha at 4.5% kernel to FFB, 50% PKO content 
production targets or 7.1 t edible oils per ha 
annually

2. Extensive use and commercialization of oil palm 
biomass especially palm trunks at replanting 
and the significant biologically active minor 
components in CPO

3. Strong proactive management and co-operative 
research teams in the industry, MPOB, Universities 
and other Research Institutions locally and abroad, 
happy progressive practices amongst the staff and 
worker force as well as a zero tolerance for HR and 
work-related abuses

4. Maintenance of good soil health and fertility 
with minimal environmental damage to the palm 
ecosystem within and outside the estates  

5. Good public perception of the sustainability and 
benefits of the Industry and strengthening of the 
Human Resources in it, and
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6. Make CPO and PKO the favoured sustainable oils 
all over the world.  

These are the challenges for Industry, Management 
and MPOB R&D, and our Government to achieve in the 
next Golden Era for Production Oil Palm Research and 
the Industry. Let us save the world from future possible 
Environmental Disaster by planting more productive 
and nature friendly oil palms to meet its demands for 
food and other useful products, and also for prosperity 
of Malaysians and Indonesians.

Conclusions

HRU (1967-1986) and AAR (1986+) were formed during 
the exciting and interesting major expansion phase of 
the oil palm industry in Malaysia with corresponding 
vibrant R&D culture backed by experienced tree crop 
researchers in established Research Institutions and 
Industry research stations. Much assistance, advices 
and support were received from the research and 
planting communities as well as our Consultants and 
Directors. The lively and active professional society 
meetings and interactions spurred many new ideas 
and research projects. We therefore benefitted greatly 
from these and could embark on useful and impactful 
research programmes to improve our agronomic 
advisory services and results of our Principals  
and clients.      

The main scientific research achievements and results 
initially at HRU and continued and completed at 
AAR and further developments have been quickly 
summarized in this paper. The notable successes in the 
main thrust research areas identified were: 1) improved 
shorter and higher yielding oil palm planting materials, 
2) stable commercial tissue culture gel, liquid and 
re-cloning techniques with reduced mantling 
abnormalities and good prospects of supplying much 
higher yielding re-cloned materials with favourable 
management characteristics in future, 3) improved 
knowledge of biomass and ecological processes in 
the oil palm ecosystem including quantifying carbon, 
water, nutrient cycling factors and total nutrient 
uptakes in various environmental conditions, 4) 
enabling site specific practices by development of 
nutrient balance models for major and minor nutrients 
and use of projected growth and yield improvements 
based on palm and field parameters to predict site 
yield potentials and fertiliser rates required, increase 

nutrient efficiencies and avoid excessive application 
rates, 5) determination of potential nutrient loss 
pathways for different nutrients and fertilisers in 
different environments and management practices, 
and use of this knowledge and monthly rainfall 
probability charts and best months of fertiliser 
applications model, rates, application area effects  to 
reduce nutrient losses after fertiliser applications and 
development of sound site specific soil and fertiliser 
management systems for oil palm for maximum 
growth and yields, 6) mechanisation and better tools 
for the workers  through useful collaborations on 
developments of the lighter TenAsia PalmPro and 
cutting sickle, and probable game changing Verion-
AAR Smart Fertiliser applicator for timely, uniform 
and accurate fertiliser applications to every palm and 
autonomous precise accurate Oryctes spot spraying 
with Poladrone Co. drones, 7) many pioneering 
developments and applications in IT, Database, GPS/
GIS and RS technologies and convenient hand-
held tracking devices with detailed historical field 
performances, poor yielding harvesting task location 
maps and various diagnostic parameters literally at 
the manager’s and agronomist’s finger tips for use, 
8) new interesting information on marker research, 
isolate pathogenicity and distribution, prospects 
for biological control from the Ganoderma research 
teams, and likely beneficial soil micro-organisms from 
the Biotechnology, Environmental  microbiology 
teams working with the plant pathologists, 9) finally 
and crucially the development and adoption of the 
Site Yield Potential Model and Yield Gap Analysis 
Approach to determine and remove yield reducing 
and yield loss factors to achieve Site Yield Potential for 
individual fields enabled systematic and clear systems 
to improve productivity and profitability in the estates.  
The science and data based models and management 
systems based on ecological principles and developed 
from long term agronomic and management trial 
results have provided impactful effective practical 
management systems and advices to improve yield 
results in the estates as demonstrated many years ago. 

The details and results have been published and 
widely distributed through Industry and scientific 
publications and meetings and provide effective 
useful proven techniques to improve performances 
and impacts of field practices and inputs. They can be 
read at leisure from the AARSB website (http://www.
aarsb.com.my/) and relevant publications.
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There appears to be a lull in Industry agronomic 
and management interactions and activities now. 
However, the low national yield plateau highlighted for 
the last 30+ years remains and increased man-power 
shortages and inevitable rising costs pose further 
serious threats especially to the sustainability of the 
key oil palm estates sector. This must be addressed 
to maintain our competitive advantages especially in 
Malaysia to nurture a healthy large Plantation Industry 
and active research community.       

We endorse the calls for more R&D by MPOB and 
have identified the urgent national research and 
management R&D initiatives which must be launched 
immediately to rectify the key problematic issues seen 
of 1) continuing low national yields and apparent 
inability to raise them, 2) management’s apparent 
inability to implement best practices well, 3) man-
power shortages and inability to attract new Malaysian 
workers to the industry and retain them, 4) knowledge 
of biology, epidemiology, infection processes and 
control of G. boninense, 5) technologies for commercial 
exploitation of large amounts of oil palm biomass and  
liquid and solid wastes, 6) maintaining soil health and 
fertility, 7) environmental and sustainability impacts 
from oil palm cultivation with further focus expected 
at the COP 26 Glasgow meeting in November this year, 
and 8) Human Rights issues blamed on Industry labour 
practices and behaviour. 

Respectfully, it is suggested that it is in the best interests 
of the Industry and Government to investigate and 
research to resolve the basic urgent direct Industry 
related problems. So Industry and Government should 
head and drive the required R&D assisted by MPOB 
and third party experts especially for the sustainability 
research. However as Industry directed and financed 
research will not be acceptable as transparent to 
NGOs, the Government should initiate and work with 
respected international experts to investigate and 
study the pressing issues of regional and national 
impacts of deforestation and loss of biodiversity, loss of 
ecosystem functions at estate levels in representative 
regions, carbon footprint of the industry and carbon 
balance as well as Human Rights records and status, and 
make recommendations as needed in the various weak 
areas identified. A team of the best available foreign 
and local experts with local industry counterparts 
modelled on the Independent High Carbon Stock 
Science Study model is probably best. Success in these 

focus research areas will certainly make oil palm more 
resilient and environment friendly and reduce need to 
deforest more areas to plant other low yielding annual 
oilseed crops. We should aim to make CPO and PKO 
the favoured sustainable oils for the world.

Therefore we need now to garner our best research 
resources and where necessary, call up the best 
experts in the world to study and solve our problems, 
and tell us what are needed to achieve our objectives. 
The push to improve our Industry and innovate, 
invent and discover should come from within, and 
the Industry and Government should ensure wrong 
perceptions of the Industry are corrected or rectified 
where correct. The best defence is probably an active 
strong and vibrant effective Industry research sector 
and proactive research collaborations with experts 
locally and abroad. A strong large Private Industry 
sector is needed to ensure this and drive for further 
improvements for the Industry to thrive in future and 
be sustainable.     

  It will probably be useful to end by examining why HRU 
and AAR research succeeded relatively well although 
only a small organization with significant agronomic 
advisory service areas and commercial activities in 
seed and other product sales, and laboratory analytical 
services especially when we started at a period of 
major expansions, personnel and ownership changes 
in the Industry. To me, the most critical factor was the 
faith, continuous interest, support and encouragement 
by key persons in the Companies. In the case of HRU, it 
was Gordon McCulloch, the initiator and founder, and 
Dato’ HS Barlow who managed HRU matters at Head 
Office. It was the same too when AAR was formed, and 
the staff morale needed much boosting after having 
to restart the research programmes from scratch. The 
founders, Claude Brown and Tan Sri Lee Loy Seng were 
frequently in touch and Tan Sri Lee Oi Hian, who has 
been on the BOD since its start and now its Chairman, 
has always been there for the staff and keen to discuss 
results and ideas giving us much motivation to do 
well. We also felt that the crop had tremendous actual 
and potential benefits for the Company, Industry and 
socio-economic development of the country.

Through the above, AAR managed to retain the loyalty 
and services of many outstanding researchers who 
worked their whole or long careers with it. The slow 
progress of oil palm research trials requires great 
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patience and perseverance. In fact, all four previous 
Heads or Directors of Research and the current Director 
worked nearly their whole careers with AAR and are 
still helping it in various capacities now, 35 years after 
its establishment.  We also had two very long serving, 
experienced and foremost oil palm experts and 
research consultants, CWS Hartley (1968 -1977) and 
Dr PB Tinker (1978-2011) to discuss and evaluate our 
research proposals and projects’ results continuously. 

On top of the above, the ingrained Company 
culture of strongly wanting to succeed and do well, 
maintaining good research management culture and 
attitudes, adopting multi-disciplinary and holistic 
approaches, and strong links with other researchers 
and organizations and our ‘practical’ planter 
colleagues, and the strong support also of the staff 
and workers, coupled with willingness to assess and 
evaluate interesting new ideas and innovations, and 
failures contributed greatly towards its relatively rapid 
progress and achievements in many fields. 

I have called the period of my active research career 
“the Golden Era of Oil Palm Production Research” 
and must confess that although it was challenging 
at times, it was very interesting and rewarding to 
share the successes of my colleagues in their research 
endeavours. Together we have seen their benefits to 
the estates and the joys of our Directors, research and 
planter colleagues, and made many good life time 
long friends. 

Finally, this lifetime achievement award and honour 
from MOSTA and Tan Sri Augustine Ong is probably 
the crowning jewel of my working career and I wish to 
share it with my former HRU and AAR colleagues, staff 
and workers as well as my family.

Thank you very much indeed, MOSTA and Tan Sri 
Augustine Ong.
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Efforts Being Undertaken Towards Achieving 
Palm Oil Traceability And Authenticity To 
Monitor Compliance To Sustainability Standards

Umi Salamah Ramli
MPOB, Malaysia 

[Presented at the AOCS-MPOB Webinar on 7th December 2021]

Introduction

This presentation will provide contents in the following 
order:

• General Remarks

• Sustainability Concept and Malaysia’s Efforts 
Towards Achieving Traceability

• Current Traceability System by Paper Trail

• R&D Activities on Geographical Traceability and 
Authenticity of Palm Oil

• Moving Forward

• Conclusion

Abbreviations: CPO = crude palm oil; FID = Flame Ionisation 
Detector; GC = Gas Chromatography; FFA = free fatty 
acids; HCA = Hierarchical Cluster Analysis; HPLC = High 
Performance Liquid Chromatography; ICP –Inductively 
Coupled Plasma Mass Spectrometry; IRMS = Isotope Ratio 
Mass Spectra; IMS = Ion Mobility Spectrometer; LC = Liquid 
Chromatography; MPOB = Malaysian Palm Oil Board; PCA = 
Principal Component Analysis; PFO = Palm Fibre Oil; POME 
= palm oil mill effluent; Q-TOF-MS = Quadrupole-Time Of 
Flight-MS; MS = mass spectra; SPO = Sludge Palm Oil; TOF 
MS = Time of Flight MS; UHPLC = Ultra High Performance 
Liquid Chromatography; UV = Ultraviolet light; VOC = 
volatile organic compounds

Global Palm Oil Consumption & Why Palm Oil  
is Important

Palm oil is the world’s most consumed edible oil with 
Indonesia being the biggest supplier and consumer 
while India, China and the EU are significant importers. 
Palm oil is necessary and important for humanity for 
food, feed, renewable oleochemical products and 
biofuels. The oil palm tree produces two oils, palm 
and lauric oils, of high versatility for food, non-food 
and bioenergy uses as well as being cost-effective. In 
comparison to other major oil crops, the oil palm is 
the most high-yielding and so is the best in land-use 
efficiency with the lowest carbon footprint. The tree oil 
crop uses the least amount of agricultural land (7%) in 
comparison to other edible oil sources but produces 
the most amounts (36.5%) of utilizable oils.

Palm oil brings economic advantages to millions 
of people, and the oil palm industry endeavours to 
be truly sustainable by ensuring traceability across 
the supply chain. Equal emphasis is also placed on 
meeting all safety and quality standards for palm oil 
across the value chain. In this respect, the Malaysian 
Palm Oil Board (MPOB), as the custodian of the oil palm 
sector, has been in the forefront of driving radical 
transformation to ensure long-term sustainability. 
Currently, monitoring the traceability, safety and 
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authenticity of palm oil across the supply chain is 
achieved through a combination of tools that includes 
certification and reporting mechanisms, which mostly 
involve paper trails. However, to complement these 
efforts and ensure that palm oil is free of adulterants 
and can be easily tracked and followed in the supply 
chain, especially to its geographical origin, and 
versatile and robust chemical-based analytical tools 
are also being developed. This will allow the industry 
to more effectively implement local and international 
certification standards to brand Malaysian palm oil 
as sustainable, safe and of high quality in complying 
with stringent trade requirement and consumer 

expectations. The efforts carried out by MPOB towards 
achieving these goals will be described. Malaysian 
Sustainable Palm Oil (MSPO) has been mandatory and 
traceability of palm oils is required for all Malaysian 
palm oils as outlined in the Appendix. 

Lessons from Olive Oil Traceability

Olive oil especially extra virgin olive oil has been 
a relatively low-yielding crop but perceived as a 
highly desirable oil and therefore being relatively 
expensive so that there have attempts to substitute 

EFFORTS BEING UNDERTAKEN TOWARDS ACHIEVING PALM OIL TRACEABILITY AND AUTHENTICITY TO MONITOR COMPLIANCE TO SUSTAINABILITY STANDARDS

Figure 1. Framework for olive oil traceability [Guido et al., 2020]

Figure 2. Geographical characterisation of Italian EVOO using high-field  
1HNMR spectroscopy [Mannina et al., 2001]
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EFFORTS BEING UNDERTAKEN TOWARDS ACHIEVING PALM OIL TRACEABILITY AND AUTHENTICITY TO MONITOR COMPLIANCE TO SUSTAINABILITY STANDARDS

Figure 3. Analytical methods for traceability and authentication of vegetable oils

Figure 4. GC-IMS of samples of CPO from Peninsular Malaysia and Sabah [Goggin et al., 2021]

with other available high-oleic oils or even being 
illegally adulterated. Over the years traceability 
has been developed to authenticate the oils and  
brands produced. In general, trends based on olive 
oil developments have been observed in line with 
consumer expectations (Fig. 1). Differences in minor 
and trace chemical components can be used in 
geographical traceability for extra virgin olive oils  
(Fig. 2).

 

Analytical Methods for Traceability and 
Authentication of Vegetable Oils

A wide spectrum of analytical methods are now 
available for traceability and authentication of 
vegetable oils so that practical or sophisticated 
methods can be chosen for routine or legal needs  
(Fig. 3).

GC-IMS Fingerprinting and Chemometrics to Determine Geographical Origin of Crude Palm Oil in Malaysia

The use of GC-IMS as an example of determining and differentiation CPO samples from Peninsular Malaysia and 
Sabah is illustrated in Fig. 4.
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Figure 5. Deuterium and Oxygen-18 isotope ratios of CPO samples from different states

Stable Isotope Profiling of Crude Palm Oil from Different Regions in Malaysia

Stable isotope signatures can be profiled and differentiated from various regions in Malaysia (Fig. 5).

EFFORTS BEING UNDERTAKEN TOWARDS ACHIEVING PALM OIL TRACEABILITY AND AUTHENTICITY TO MONITOR COMPLIANCE TO SUSTAINABILITY STANDARDS
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Figure 6. Comparison of four mills’ CPO productions over 10 days 

Analyses of CPO of Four Mills

Using similar analytical methodologies on the CPO from four mills over 10 days, only one mill could be well 
differentiated while the other 3 did not give well defined separations (Fig. 6).

EFFORTS BEING UNDERTAKEN TOWARDS ACHIEVING PALM OIL TRACEABILITY AND AUTHENTICITY TO MONITOR COMPLIANCE TO SUSTAINABILITY STANDARDS

Analytical Methods for Screening of Adulterants in 
Palm Oil

There are a variety of practical methods for screening of 
adulterants in vegetable oils. For production of quality 
crude palm oil, it is now preferable that poor quality oil 
streams at the mill should be segregated away so as to 
provide for a new standard of better quality CPO (low 

FFA, high DOBI, low chloride) that can be physically 
refined to RBD oils free from GE and 3-MCPDE. A study 
of palm fibre oil and sludge palm oil samples added 
to crude palm oil to simulate adulteration is shown in 
Fig. 7. PFO is a vitamin-rich oil, extracted from empty 
pressed-palm fruits after wet fruit milling. SPO is a 
high FFA palm oil by-product from POME after milling. 
M2DT is mill 2 dispatch tank providing the CPO.
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Figure 7. Reporter views of GC-IMS VOC fingerprints from CPO adulterated with PFO and SPO  
[Othman et al., 2019]

EFFORTS BEING UNDERTAKEN TOWARDS ACHIEVING PALM OIL TRACEABILITY AND AUTHENTICITY TO MONITOR COMPLIANCE TO SUSTAINABILITY STANDARDS
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Introduction: Precision Agriculture

Precision agriculture is a farming concept based on 
observing, measuring and responding to inter- and 
intra-field variability in crops with the purpose of 
improving crop yields and assisting management 
decisions. The potential of precision agriculture is 
made possible with the advent of the following 
technologies: remote sensing, GNSS and GIS.

• Remote sensing involves capturing reflected 
energy from surface targets originated from the sun 
(passive) or the sensor itself (active).

• GNSS allows determination of a target’s exact 
location, thus facilitating real-time tracking and 
monitoring.

• GIS comprises of a unified system which allows the 
storage, manipulation and analysis of geospatial 
data (i.e., reflectance images, GNSS coordinates, 
polygons, etc.) on a digital platform.

Basic components of precision agriculture (RS, GNSS 
and GIS) are illustrated in Fig. 1.

Abbreviations: AI = artificial intelligence; ALSE = Assessment 
of Land Suitability Evaluation; DL = deep learning; FFB = 
fresh fruit bunch; GIS = Geospatial Information System; 
GNSS = Global Navigation Satellite System; IoT = Internet 
of Things; ML = machine learning; NDVI = normalized 
differential vegetation index; NIR = near infrared; OPRID = 
oil-palm fruit ripeness detector; RS = remote sensing; UAV = 
unmanned autonomous vehicle; VI = vegetation index
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Figure 1. Illustrations of RS, GNSS and GIS [Source references]

Benefits of Precision Agriculture

• Optimum use of resources – 
o Right Applications of Input at the Right Place at 

the Right Time 
o Customized applications of seeds, fertilizer, water, 

pesticides  
o Efficient management of land, machinery, 

personnel, time 

o Optimum crop yields  
o RM $$$ Benefits 

• Reduction of environmental impacts – 
o Less wastage of chemicals 
o Precise levelling of fields prevents rats holiday 

islands and optimize resources

Common benefits of mechanizations are illustrated in 
Fig. 2.

Figure 2. Machinery for land management and application of fertilizers and chemicals [Source reference]

PRECISION AGRICULTURE IN MALAYSIA: A RESEARCHER’S PERSPECTIVE ON SOME IR 4.0 AND ENABLING TECHNOLOGIES FOR OIL PALM INDUSTRY
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Improving Oil Palm Productivity Through Precision 
Agriculture

Automation is now seriously being implemented in 
view of critical labour shortage and the raging Covid-19 
pandemic and is timely as vegetable oils are well 
priced. Digitisation and smart farming applications are 
now part of precision agriculture while awaiting for 
robotics to be economically viable in plantations.

Related beneficial technologies are constantly being 
applied for advancing agriculture, e.g.:
• Big data
• AI, machine learning (ML), deep learning (DL), etc.
• 5G will be the enabler for speed and distance 

management
• Satellite and free data

Analysis of Agricultural Land Schemes

Google Earth Image Analysis

An example for this type of analysis is provided by 
work undertaken from 15th February 2013 until 13th 
July 2019. Generally, this analysis is as follows:

i. The river would expand up until 20 meters during 
wet or rainy months (usually starts in September). 
During dry months (usually starts in February), the 
river will only stretch until 2-3 meters.

ii. Fig. 3 showed the shift in the river course. The river 
course seemed to shift upwards. Some parts of the 
river had even shifted upwards and out from the 
river reserve.

Figure 3. Spatial analysis of river shifting course in the wet season [Nurul Aina Najwa,  
“Time Series Spatial Analysis of Agriculture Land Scheme” FYP, UPM. Supervisor – A Rashid M. Shariff]

Normalized Differential Vegetation Index (NDVI) 
Analysis

NDVI describes the vegetation by assessing the 
difference from near infrared (vegetation heavily 
reflecting) to red light (vegetation absorbing). Values 
range from -1 to 1 where:
i. Clear water usually has negative values
ii. Areas of barren rock, sand or snow usually 0.1 or 

less
iii.  Sparse vegetation approximately 0.2 to 0.5
iv. Dense vegetation approximately 0.6 to 0.9

The total lots in the study were thirty-one lots and each 
lot has been analysed to compute the average NDVI 
value for the individual lot. From the analysis done on 

the entire area of study, it is noticed that the lowest 
NDVI value was on 23rd April 2005 with a value of 0.35 
and the highest on 28th February 2020, with a value 
of 0.75. The NDVI values from the starting of the year 
1988 have an average of 0.46. This may be due to the 
newly planted oil palm that had been planted in the 
same year. The NDVI values for the land scheme then 
steadily increase and is consistent with the growth of 
the oil palms (Fig. 4). 

Exceptionally large decrease occurred in value in 2005. 
This is due to drought that occurred in West Malaysia 
in the respective year [Hydrology and Water Resources 
Division, Department of Irrigation and Drainage 
Malaysia, 2005]

PRECISION AGRICULTURE IN MALAYSIA: A RESEARCHER’S PERSPECTIVE ON SOME IR 4.0 AND ENABLING TECHNOLOGIES FOR OIL PALM INDUSTRY

River

River
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Figure 5. 3D View of land topography [Shuttle Radar 
Topography Mission. Nurul Aina Najwa & A Rashid, 2020] 

Figure 4. Land surface temperature (LST)  
trendline from 1988-2020

Figure 6. Tasseled cap transformation map [Nurul Aina & A Rashid, 2020]

Land Surface Temperature (LST) Analysis

From the LST analysis, it is shown that the temperature 
during the dry months are relatively higher compared 
to wet months. LST is on an upward trend as shown  
in Fig. 4.

3D View of Land Scheme

An example of 3D view of land topography is shown 
in Fig. 5.

Tasseled CaP Transformation

The Tasseled Cap Transformation analysis map was 
generated and it detected the clear contrast between 
the area to the north and south parts of the river. 
This map output correlates with the wetness index 
generated during the terrain analysis. It can be seen 
that the area south of the river on the cadastral map 
is relatively dryer and the area north of the river is 
relatively more wet (Fig. 6).

PRECISION AGRICULTURE IN MALAYSIA: A RESEARCHER’S PERSPECTIVE ON SOME IR 4.0 AND ENABLING TECHNOLOGIES FOR OIL PALM INDUSTRY
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Summary: Geospatial-Technology in Land 
Management

1. Powerful and useful analysis can be done with 
freely available data. 

2. DEM generation can be used beneficially to plan 
the layout and road reserve

3. Health of oil palm trees over a time span of 35 years 
was analysed

4. Areas prone to flooding can be detected, allowing 
for better planning and remedial action 

5. As the river was too narrow to detect using the 
Landsat image, the Google earth imagery with 
better resolution was able to detect it

6. A trigger to investigate lots encroached by the river

Potential Implementations of AI, IoT and 5G in Oil 
Palm Plantations 

A summary of multiple technology applications 
including but not limited to drone technology, ripeness 
scanning, image processing, machine learning/
deep learning, robotic harvesting/transportation is 
illustrated in Fig. 7. UAV applications are widespread 
and an example of detection of missing trees is given 
in Fig. 8.

Figure 7. Current and potential applications of technologies (AI, IoT & 5G) in oil palm estates [Source references] 

Figure 8. UAV image detecting missing trees (red dots) among healthy trees (yellow dots)  
[Kee, 2019; Supervisor – A. Rashid M. Shariff]

Grading of Maturity of Oil Palm Fruits Based on 
Visible and NIR Bands

With objectives to (1) classify the maturity level of 
FFB using FFB reflectance and vegetation indices and  

(2) determine the best machine learning algorithms  
for grading of FFB maturity level detector devices,  
were developed (Fig. 9). Vegetation indices as 
secondary parameter is described in Fig. 10.

PRECISION AGRICULTURE IN MALAYSIA: A RESEARCHER’S PERSPECTIVE ON SOME IR 4.0 AND ENABLING TECHNOLOGIES FOR OIL PALM INDUSTRY
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Figure 9. Oil palm fruit ripeness detector [Goh et al., 2020]

Figure 10. Analysis with Vegetation Indices as secondary parameter [Source references]

Findings

This research studied the application of visible and NIR 
bands of OPRiD and its ability to determine the oil palm 
ripeness level. The FRedS4 model was identified as the 
best model for classification with 83.8% accuracy. 

The analysis of vegetation indices also indicated that 
Non-Linear Vegetation Index (NLI) is the best VI to 
classify oil palm ripeness, with an 86.8% accuracy. 

The result can be valuable for future researchers and 
market to study further into non-destructive method 
of oil palm fruit maturity grading.

Land Suitability Evaluation Using GIS And Multi-
criteria Decision-Based Model

Plantations Mapping

An example of use is given for rubber and palm oil 
plantation distribution in a Seremban district in year (a) 
1984, (b) 1990, (c) 2000 and (d) 2010 as shown in Fig. 11

Rubber Land Suitability Assessment

An example of assessment for land suitability for 
planting rubber is given in Figs. 12 and 13. The total 
area of land used for rubber plantation is 14541 
hectares (approx. 15.3% of the land area of Seremban 
district); out of this, 7528 hectares which is about 51.8% 
falls within the evaluated suitable area. 

PRECISION AGRICULTURE IN MALAYSIA: A RESEARCHER’S PERSPECTIVE ON SOME IR 4.0 AND ENABLING TECHNOLOGIES FOR OIL PALM INDUSTRY
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Figure 12. Assessment of land suitability for planting rubber [Goma Bedawi et al., 2017]

Figure 13. Existing rubber plantations superimposed on land suitability map [Goma Bedawi et al., 2017]

PRECISION AGRICULTURE IN MALAYSIA: A RESEARCHER’S PERSPECTIVE ON SOME IR 4.0 AND ENABLING TECHNOLOGIES FOR OIL PALM INDUSTRY

Figure 11. Landuse Change in Seremban District
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PRECISION AGRICULTURE IN MALAYSIA: A RESEARCHER’S PERSPECTIVE ON SOME IR 4.0 AND ENABLING TECHNOLOGIES FOR OIL PALM INDUSTRY

The Way Forward

The most suitable location to plant oil palm should be 
determined scientifically, for example by using ALSE to 
guide the decision. 

Web-Based Decision Support System for Oil Palm 
Management should be encouraged.

Determination of palm nutrients from space should be 
pursued aggressively for greater efficiency. 

Disaster Management and Simulation practices should 
include Food and Economic Security and Oil Palm is a 
major consideration.  

AI and Spatial Technologies must be in the core 
curriculum of AE Programs.
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Outlook of Biomass Fuel 
in Japan

Hiroaki Goto
Erex Singapore

[Presented at the MPOC POINTERS Virtual Conference, October 2021]

Introduction

Erex is a biomass power company incorporated in 
Japan in 1999 with 6 large-scale biomass power plants 
with total capacity of 350 MW. Erex Singapore Pte Ltd 
was incorporated in 2017 for biomass fuel upstream 
investment and trading in biomass fuels especially 
PKS and wood pellets (Fig. 1). Subsidiaries are Straits 
Green Energy Sdn Bhd (2018) in Melaka, Malaysia and 
PT Dharma Sumber Energi (2020) in Indonesia.

Abbreviations: CPO = crude palm oil; EFB = empty 
fruit bunch; GGL = green gold label; ISPO = Indonesia 
Sustainable Palm Oil; METI = Ministry of Economy, Trade and 
Industry of Japan; MSPO = Malaysian Sustainable Palm Oil; 

MW = megawatts; OPT = oil palm trunk; P&C = principles 
and criteria; PKS = palm kernel shells; RSB = Round Table 
on Sustainable Biomaterials; RSPO = Round Table on 
Sustainable Palm Oil; SC = supply chain; S&C = survey and 
certification; SGE = Straits Green Energy Sdn Bhd

Quality of PKS

Carbonised PKS is high energy source comparable to 
coal but there are differences in quality (Fig.2).  More 
importantly biomass must have low moisture content 
in order to provide maximal energy and low polluting 
emissions. Quality issues can arise from poor handling 
of the kernels, storage and contamination (illustrated 
in Fig. 3) and can be rectified.  

Figure 1. Palm kernel shells and wood pellets
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Figure 2. Physical differences in quality of PKS from CPO mills

Figure 3. Quality differences in PKS from SGE and other sources

Figure 4. Quality issues of PKS from handling, storage and contamination 

OUTLOOK OF BIOMASS FUEL IN JAPAN
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OUTLOOK OF BIOMASS FUEL IN JAPAN

Biomass Fuel Market

PKS and wood pellets are relatively small in the energy 
market but climate concerns make them important as a 
renewable energy source. Prices and traded quantities 
of PKS and wood pellets are shown in Figs. 5 & 6.

Sustainability

Certified PKS for import follows sustainability 
regulations of METI as well as those of RSPO, ISPO and 
MSPO. Requirements of environmental, social and 
governance as well as supply chain verification are in 
place (Fig. 7).

Figure 5.  Price Trends of PKS

Figure 7. Sustainable PKS

Figure 6. Wood pellet price trend
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OUTLOOK OF BIOMASS FUEL IN JAPAN

Conclusions

A summary of the conclusions of renewable biomass 
consumption in Japan has been illustrated by PKS 
from Malaysia and Indonesia with the latter country 
dominating the market (Fig. 9). There are issues of 

quality, increase of taxes and freight costs as well as 
certification. Market is not expanding and there seems 
to be a return to woody biomass for fuel. Sustainability 
of renewable biomass fuel follows closely regulatory 
aspects of RSPO, ISPO and MSPO.

Question & Answer Session

Hiroaki Goto: On questions of other aspects of palm 
biomass

1)  OPT pellet may compete with EFB

2)  EFB contains high chloride and Na/K, these 
elements damage the boiler. And GHG emission is 
quite high.

3)  To reduce Cl and Na/K, we need to chop finely and 
wash biomass before pelletizing

Basically, the government is promoting biomass fuel 
that is not competing with food and those that burn 
with less particulate and GHG emission.

Figure 8. Sustainable PKS and wood pellets are in compliance with various regulatory frameworks

Figure 9. Summary of biomass use for power consumption in Japan from PKS and wood pellets

Reported by S.H. Goh of MOSTA



Malaysian Oil Science and Technology 2021 Vol. 30 No. 2 • Copyright MOSTA 145

The Science of the Signs –  
The Sixth Assessment Report of the IPCC

M.R. Chandran
MOSTA

Introduction: The Signs

“We already have the statistics for the future: the 
growth percentages of pollution, over-population, 
desertification. The future is already in place” – Gunter 
Grass (1927-2015), Nobel Prize winning author, poet, 
playwright, sculptor, graphic artist and illustrator.

First, a sign. An ominous one. Sometime in mid-August, 
a research station in Greenland located 10 551 feet 
above sea level experienced rain for several hours – for 
the first time – as temperatures rose above freezing. 
Ice sheet melt-water inundated the surrounding seas. 

Yes, in cold icy Greenland. And here perhaps is also 
where greenwashing started millennia ago when 
Erik the Viking tried enticing settlers to this white 
and ice-bound land by calling it Greenland. This 
is well before corporations took to this strategy to  
avoid accountability!

And there are yet more signs now... Forest fires and 
melting permafrost in Siberia; too hot to handle 
summers in Turkey, Greece, Australia; a year’s rainfall 
in 3 days in flooded parts of China; and the calving 
of mammoth packs of ice from glaciers. Then came 
Hurricane Ida and then Typhoon Rai which hit 
Philippines and also affected Malaysia badly (Fig. 1).

Deadly and destructive, the Category 4 Atlantic 
hurricane struck Louisiana on 26 August becoming 
the sixth-costliest cyclone on record causing losses 
of some USD 50 billion. Flood damage was also 
catastrophic in the Northeastern USA, estimated at 
some USD 20 billion. 

Abbreviations: AR6 = 6th Assessment Report of IPCC; IPCC 
= Intergovernmental Panel on Climate Change; WGs = 
Working Groups’ reports: WGI, WGII & WGIII

Now For The Science 

The Intergovernmental Panel on Climate Change 
(IPCC), the United Nations body for assessing the 
science related to climate change, formed in 1988, 
provides governments and policymakers a vital tool to 
assess and mitigate climate change.

The work of IPCC is parceled out into three expert 
working groups (WGs) - WGI which gathers and 
assesses the science of climate change; WGII which 
assesses the impact of climate change on natural and 
socio-economic systems; and WGIII which assesses 
mitigating options.

In early August WGI published AR6 - The Physical 
Science Basis of Climate Change. This is no mean 
feat. Based on 14000 studies, it is both an update 
and a summary of some 1800 pages sectioned into 
13 chapters, subject to copy-editing, corrigenda and 
trickle backs. Heavy!

WGII and WGIII will issue their equally voluminous 
reports by next year, following which a final AR6 will 
be issued. It will be fair to say that no living person, 
scientist or man-in-the-street can ever claim to have 
read it in its entirety, let alone understand it.

The WGI report is described by the UN Sec-Gen, 
Antonio Guterres, as ‘a code red for humanity’. He 



Malaysian Oil Science and Technology 2021 Vol. 30 No. 2 • Copyright MOSTA146

Figure 1. Typhoon Rai hit Philippines and caused disastrous floods in Malaysia [theVibes.com December 18, 2021]

adds: “... the evidence is irrefutable: greenhouse gas 
emissions ...and deforestation are choking our planet 
and putting billions of people at immediate risk”.

One shudders to think of the contents of the in-the-
pipeline WGII and WGIII reports. More grim news for 
sure. Climate change will impact us in whichever 
part of the globe we live in. Perish the thought that 
global warming can be defended at borders or  
immigration control.   

Per the WGI report, and it will take a brave person 
to claim it can be summarised, each of the last four 
decades has been successively warmer than any 
decade since 1850 despite all current attempts to 
reduce carbon emissions or achieve carbon neutrality. 

Surface temperatures will continue to rise until 2050 
under all emission scenarios. The 2015 Paris Agreement 
to limit global warming to 1.5 degree Celsius above 
pre-industrial levels will be breached, resulting 
in a cascade of changes that will take us past the  
tipping point.

The dreaded tipping point works this way: as heat 
accumulates in the atmosphere, the Earth’s geophysical 
systems will ‘tip over’ into a fundamentally new state, 
also called a phase shift. Think of your car windscreen 
shattering all at once minutes after being hit by a stone.

Tipping point risks have been studied in 8 large 
subsystems: thawing of the permafrost, ocean 
methane hydrates, Arctic Sea ice loss, dieback of the 
Amazon rainforest, disintegration of the Greenland ice-
sheet, disintegration of the West Antarctic ice-sheet, 
slowdown of the Atlantic Meridional Overturning 
Circulation and the Indian Summer monsoon system.

Tipping points in climate change are of grave 
concern. Economists have recently begun factoring 
climate change risks into economic models although 
it is devilishly difficult. The consensus view: we are 
underestimating climate risks and overestimating the 
costs of action.

Beyond the tipping point, food production will be 
severely impacted. Warmer oceans will deplete fish 

THE SCIENCE OF THE SIGNS - THE SIXTH ASSESSMENT REPORT OF THE IPCC
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stocks. Potable water will become scarce. Working 
outdoors will become a health hazard. The rich-
poor divide may fuel revolution and war, disrupting  
global trade. 

So Why Are We All So Unmoved? 

For one, despite the sterling work of these scientists, 
climate change remains mind-bogglingly complex. 
Climate change is where the Past, Present and Future 
become one, and so perhaps AR6 should more 
correctly be called an indictment on humankind rather 
than a report.

Collectively, Past, Present and Future is Mother Time! 
As Darwin explained, evolution is hard to comprehend 
because of the sheer immensity of Mother Time - its 
eons, its epochs, its eras - which by and of itself is the 
agent of change. The same applies to climate change.

Most of us relate to Mother Time based on our 
immediate needs, our hopes for our children and of 
memories of our most recently departed ancestors. 
The forecasted catastrophic future rise of global 
temperatures or ocean levels does not alarm us nor 
does it register in our heads. 

Herein lies the problem. Even as we careen about 
collective disaster, national, regional, sectorial, 
industrial and individual interests take center stage 
with sickening regularity, making us wonder whether 
we are truly modern compared to our ancestors.

Our ancestors, the ancients, were faced with a different 
problem altogether. They simply did not have the 
science to explain the signs they observed - the last 
ice age, rains without end, drying rivers, eclipses, dust 
storms, meteors, shooting stars, comets and swarms  
of locusts. 

At best, these signs were deemed as omens. On the 
coat tails of omens rode superstition and divination. 
As recent as in the 1930s, one could hear the cry of a 
dealer in secrets and magic, the fatahfal, in the streets 
of Baghdad: “I count the stars and take omens!”. But we 
must credit some ancients for having uncommonly 
good sense and intuition. For the Mesopotamians, 
everything in the Universe could have an ominous 
import to mortals. To guide their intuition they could 
rely on the Babylonian Diviners Manual. Yes, an  
ancient AR6!

From this Manual a gem relevant to climate: “The signs 
on earth as those in the sky give us signals. They are 
not separate as earth and sky are related. A sign that 
portends evil in the sky is (also) evil on the earth; one 
that portends evil on earth is evil in the sky”

That was a very promising start. But after intuition 
came the claim that Man has dominion over all things 
on Earth and that this is divinely ordained. It looks like 
we are stuck with that mindset even as the evidence of 
our future ruination mounts by the day. 

What is to be done?

Both big and little things.

For a start, Climate Studies should be part of our school 
syllabus, with only the science included and shorn of 
all else. Next, our ministers and captains of industry 
can set the tone and be good examples by cutting 
back on conspicuous consumption.

Only inclusive societies can get the climate change 
equation right. Politicians must therefore reset their 
agenda and move away from divisive and non-
inclusive policies. Yes, no one must be left too far 
behind but equally important, no one must be left out 
of the political process.

Our Oil Palm industry should set its sight on becoming 
a shining example of sustainable production by 
sticking scrupulously to set standards of conduct and 
compliance without resorting to all manner of ifs and 
buts. And that includes fair labour practices.

As an individual effort to avoid the tipping point, 
we will have to consider a simpler lifestyle but one, 
which is rewarding. Old world pursuits and hobbies 
– gardening, cookery, knitting – may yet make a 
comeback. We must accept a tax on superfluous 
consumption.

Failing which we will surely consign future generations 
to what must be, to use a harsh term, climate genocide.

Reference: Chandran MR (2021) The Edge Malaysia, 
October 02.

THE SCIENCE OF THE SIGNS - THE SIXTH ASSESSMENT REPORT OF THE IPCC
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Climate Change:  
Adapt for the Future, Not the Past
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(Sydney)
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(Kuala Lumpur)
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Funding for developing countries to address global 
warming is grossly inadequate. Very little finance is 
for adaptation to climate change, the urgent need of 
countries most adversely affected. Also, adaptation 
needs to be forward-looking rather than only 
addressing accumulated problems.

Suicide Pact?

Climate change poses an existential threat, especially 
to poor countries with little means to adapt. Rich 
countries’ failure to deliver promised financial support 
has only made things worse. COVID-19 has dealt 
another knock-out blow, worsened by rich countries’ 
“health apartheid”.

The COP26 deal was undoubtedly a “historically 
shameful dereliction of duty” and “nowhere near 
enough to avoid climate disaster”. Glasgow’s failure 
shows up lack of real progress and inadequate policy 
responses. Worse, no significant new resources came 
with the “Glasgow Suicide Pact”.

The United Nations Conference on Trade and 
Development (UNCTAD)’s Trade and Development 
Report 2021 laments rich countries’ unwillingness to 
address grave challenges facing developing countries. 
After all, Agenda 2030 for Sustainable Development 
was in trouble even before COVID-19.

Climate policy responses involve both mitigation and 
adaptation. Mitigation seeks to reduce greenhouse 
gas (GHG) emissions through more efficient energy 
use, and by using renewable energy instead of fossil 
fuels. Adaptation involves strengthening resilience 
and protection to minimize adverse effects on  
human lives.

National adaptation needs to get far less international 
funding than mitigation for the world. Thus, 
poor countries struggle alone addressing global 
warming mainly caused by others. Adaptation 
challenges are also wide-ranging, due to varying  
country vulnerabilities.

Risky Approach to Risk

Governments have been advised to reduce 
vulnerability to shocks by improving data and risk 
assessment. Most measures to strengthen resilience 
use conventional financial risk management methods. 
These seek to better protect existing assets, and 
to provide temporary financial support when  
shocks happen. 

Climate adaptation is thus addressed via disaster 
risk assessment, early warning systems, improved 
ecosystem management and better social safety nets. 
But the approach hardly distinguishes climate change 
from other risks.
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Relying on past experience, the conventional 
approach is hardly forward-looking in addressing new 
challenges. Recommended measures tend to deploy 
scarce resources to address past and current effects of 
climate change. 

Focussing on current vulnerabilities enables adapting 
to extant climate threats. This may provide some 
temporary resilience and relief. But it does not prepare 
for new threats. Thus, the approach ignores future 
problems, not providing much protection from or 
reducing vulnerability to emerging threats. 

Counting on pricing and other market techniques for 
climate adaptation risk assessment is also limiting. The 
approach tends to focus on what is predictable and 
incremental, rather than on what is more uncertain 
and systemic.

With its roots in financial risk management, the 
approach favours returning to some assumed norms 
of normality and stability. It thus rejects considering 
new possibilities, including a more dynamic approach 
to sustainable transformation. 

Furthermore, returning to ‘normal’ for many 
communities implies exploitation and precarity. 
Preservation and coping are also favoured by the 
approach. Typically, these are hardly enough to 
address the complex challenges faced. Worse, they 
may inadvertently cause maladaptation.

Avoid Maladaptation 

A transformative approach to climate risk is needed 
instead. The only lasting solution may be to reduce 
developing countries’ reliance on climate sensitive 
activities, such as cattle breeding, through far reaching 
changes to create more resilient economies.

This requires moving away from de-risking in favour of 
a more integrated and systemic approach to diversify 
economies for greater resilience. More diversified 
economies are more supportive of sustainable 
development, and much less vulnerable or likely to be 
disrupted by external shocks.

In recent years, this has been clear from the greater 
vulnerability of primary export-dependent economies 
to economic shocks originating elsewhere. But it is 
also true of climate shocks. Thus, climate adaptation 

requires a new vision of common goals, instead of 
merely avoiding risks and worst-case scenarios.

Diversification Crucial

Thus, climate adaptation in the global South needs 
to be addressed through development. Moving from 
de-risking to diversification requires a developmental 
state committed to ‘green’ industrial policy – involving 
investment and technology – to do so.

Diversification involves two cumulative processes 
working in tandem. First, shifting from primary 
production to manufacturing and higher value 
services. Second, moving resources from less to more 
capital-intensive activities. 

Developing countries have to pursue sustainable 
development, keeping emissions and resource 
consumption within ecological limits. This requires 
economic diversification, raising productivity and 
improving social conditions.

Such new transformation strategies must recognize 
ecological and climate constraints. Developing country 
policymakers have limited means to address such 
challenges. With uneven ‘neo-liberal’ globalization, 
they are also handicapped by institutional weaknesses, 
e.g., even in mobilizing domestic resources.

Multilateralism Key

Some rich countries – e.g., the UK and Australia – have 
cut their aid budgets and not deployed their unused 
Special Drawing Rights to help developing countries. 
They have done little to encourage private creditors to 
enable developing countries to invest to develop out 
of the multiple crises they face. 

Thus far, measures for debt relief are very modest and 
grossly inadequate, “kicking the can down the road”. 
Deferring debt simply means borrowings are due 
to be paid later, as compound interest accumulates. 
Meanwhile, debt burdens continue to grow.

The UNCTAD report warns that measly climate 
funding is accelerating global warming, undermining 
prospects for decarbonizing the world. It highlights 
the need for pro-active multilateralism and support 
for developing countries to address the climate and 
pandemic induced crises.

CLIMATE CHANGE: ADAPT FOR THE FUTURE, NOT THE PAST
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“Global challenges clearly require multilateral 
responses”. But so far, only the IMF has provided some 
real relief by cancelling debt service obligations for 28 
countries – worth US$727 million – between April 2020 
and October 2021.

The end of the first Cold War undermined the felt need 
for UN-led multilateralism. If US President Biden really 
seeks to emulate President Roosevelt, he can begin 
by reviving the UN-led multilateralism FDR envisaged, 
instead of recklessly pursuing the new Cold War 
favoured by neo-conservatives in his team.
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COP26: 
The Race Against Time
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Here in Kuala Lumpur, half a world away from Glasgow, 
Scotland, we felt the anxiety and the anger, the heat 
and the heft of the hard-fought deliberations of COP26 
as delegates struggled to build upon for two weeks 
to achieve a consensus that will accelerate action to 
mitigate the effects of climate change that build upon 
the Paris agreement of 2015. 

We watched with bated breath, knowing the success 
or failure of COP26 will make or break Mother Earth, 
our only home for the last few million years (Fig. 1). We 
were also aware that the “We” here refers to humanity 
as a whole. Yes, the sink or swim together “We” as 
popularised by the hauntingly prescient lyrics of the 
song “We Are The World” released in 1985.

So this time around in Glasgow, as compared to 
the previous COPs including the landmark Paris 
Agreement, adopted by 196 Parties at COP21, there 
was an overwhelming sense that we were in a race 
against time given the backdrop of rising temperatures 
and sea levels, unpredictable weather, massive 
flooding, melting glaciers and even rain falling in  
ice-bound Greenland.

But that did not stop the delegates from needing 
an additional day, in the time-honoured fashion of 
diplomats, to arrive at a consensus which the COP26 
President referred to as a “fragile win”. There were no 
heroes but for insisting that the final text use “phasing 
down” of coal power instead of “phasing out”, India 
and China were made to look like climate villains. 

For the critics of COP26 the final pact was a disastrous 
failure. They see Glasgow as a cop-out and of 
perpetuating climate injustice. Their two biggest 
hopes were not realised: renewing targets for 2030, 
aligned with limiting warming to 1.5°C, and a clear 
strategy to increase funding by rich countries to help 
the climate mitigation efforts of developing countries.

There were yet others who felt more aggrieved than 
these critics. Some scientists hold the view that the 
importance of the oceans have not been given due 
attention. Countries have targets for land-based 
emissions but not for oceans despite absorbing some 
93% of human generated heat and an estimated 30% 
of CO2 from human activities since industrialisation.

The next great casualty of climate change could be 
global fishing stocks as well. Depleted oxygen levels 
in the world’s oceans threaten marine life on which 
an estimated 3 billion people depend upon for their 
food and their livelihoods. Mass die-offs of fish are an 
increasingly common occurrence. The delicate balance 
of land, air and sea is unhinged.

But for its supporters, COP26 was a way forward and 
more than just ‘blah, blah’. But in all fairness the climate 
crisis is uniting humanity like never before. The Peace 
Movement and the Nuclear Disarmament Campaigns 
of yesteryears did not see this level of desire to find a 
way forward. Common folks from all walks of life now 
realise future generations are imperilled.
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COP26: THE RACE AGAINST TIME

Figure 1. Mother earth; there is no planet B [NASA picture]

And for the first time, this COP wasn’t attended by only 
heads of states, climate scientists and bureaucrats. 
Industrialists, bankers and investors were part of 
the proceedings, perhaps motivated by Keynes’ 
observation that ‘in the long run we are all dead’, 
especially if it is coupled to both rising sea levels 
and temperature. Or perhaps they were feeling the  
heat too.

For better or for worse, they were the behind-the-
scenes men of the Industrial Revolution, colonisation 
and the rise of capitalism to global prominence. It’s 
time they support laws that fairly regulate fossil fuel 
subsidies and promote the greening of supply chains. 
The fact is: if shipping was a country it would come in 
fifth, ahead of Germany in carbon emissions. 

But it was good that some of these CEOs committed 
their companies to “net zero” in terms of CO2 emissions 
in order to stabilise climate change. But they also 
advocated a greater use of a ‘one-size fits all carbon 
tax’ which led to the immediate suspicion that Big 
Business’ old habits of prioritising profits at the 
expense of the environment which is still an addition.

No surprise then that given COP26’s obvious 
shortcomings, the UN Secretary-General astutely 
summed up the consensus thus: “...reflects the 
interests, the contradictions and the state of political 
will in the world today”. He has previously stated that 
over the past twenty-five years, the top 10% of the 
global population are responsible for more than 50% 
of all carbon emissions.   

He is keenly aware that climate change can only be 
mitigated by ensuring greater social justice and sharing 
of resources within communities, within countries and 
between the developed and the developing world 
because whether rich or poor, communities and 
countries cannot turn the clock back and start all over 
again. The only option is to transition.

And we must transition without crossing the red lines 
of morality and ethics. Covid-19 vaccine inequity is a 
case in point. In a dire crisis, man is capable of grave 
injustice to his fellows. We must not become climate 
crisis survivors at the expense of others. As a writer 
warned after the horrors of World War II: “The years we 
have gone through have killed something in us”. 
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But at COP26 the moral high ground was left vacant. 
No politician from the developed world was willing to 
make sacrifices and call for the climate equivalent of a 
‘Coalition of the Willing’ to fight for the most vulnerable 
in the face of climate change and sustainability 
challenges. Per David Leyonhjelm, a former Australian 
Liberal Democrat senator: “Words without action is not 
virtue. It’s hypocrisy”.

So, it is indeed heartening that there are still men and 
women of good conscience who speak for historically 
disadvantaged peoples, countries and even industries 
that are unfairly targeted by lobby groups and paid 
interests under the guise of fighting climate change. 
But there is also an increasing realisation that self-help 
is the best help. And it begins at home.

Malaysia does not have a humongous cattle industry 
like in the USA or grows hogs by the billions like in 
China or burns coal by the shiploads like Australia and 
India or rely on gas shipped in via pipelines running 
thousands of miles like in Europe or destroy vast tracts 
of rainforests like in South America. We are a small 
country with an oversized oil palm industry.

Based on average production data of 19 million tonnes 
crude palm oil, carbon emissions from our certified 
sustainable palm oil industry are estimated at only 
7 million tons per year. In comparison, Brazilian 
soybean produces an estimated 384 million tons 
carbon emissions from 133 mln tons produce while 
Canadian canola accounts for some 31 million tons 
carbon emissions from 20 mln tons produce as per a 
recent study by Dr Maria Vincenza Chriacò at the Euro-
Mediterranean Center on Climate Change (CMCC). 
Clearly replacing oil palm with soya or rapeseed will 
markedly increase emissions not to speak of even 
more deforestation without even considering benefits 
of carbon sequestration by tree crops.

We must therefore redirect our efforts to make the 
palm oil industry net zero by protecting our most 
complex tropical rainforest ecosystems in the world. 
In particular, we must reduce aggressively peatland 
degradation especially if unsuitable for agriculture. 
We must also step-up afforestation, reforestation and 

sequestration of carbon by producing Green Electricity 
from palm biomass/POME-oil and become the world’s 
first low emission vegetable oil producer.

Recently the Roundtable on Sustainable Palm Oil 
(RSPO) hosted the 2021 virtual conference themed, 
“Climate Resilience: Assuring the Future of Sustainable 
Palm Oil ‘’to exchange views on climate change, 
technological innovation and economic inclusion, 
including the just treatment of workers”. A few years 
hence, expect to see more drones and possibly other 
robotic aids on oil palm estates!

On another note, Malaysia has announced plans to 
set up a domestic emissions trading scheme and a 
voluntary carbon market. We have also identified 
correctly that solid waste disposal is the third highest 
source of methane emissions. Malaysians must 
pay more for such services as part of our personal 
commitment to reduce food waste and power 
consumption.

We have also set ourselves an ambitious target of 31% 
of renewable energy (RE) in installed power capacity in 
2025 and 40% by 2035. These targets would be met by 
the implementation of large-scale solar farms, feed-in-
tariffs, safe consumption and net energy metering. All 
in all, our net zero GHG emission target by 2050 is the 
most ambitious in ASEAN. 

More heartening still is that a survey has revealed 
that 92% of young Malaysians are aware that climate 
change is a crisis or possibly an existential threat. A 4°C 
rise in global warming will see Malaysia uninhabitable 
because of flooding. Some 7 out of 10 Malaysians 
placed more priority on environmental protection 
even if it comes at the expense of economic growth 
and job creation. In short, they are not willing to be the 
5% that consumes 25% of global resources!

It is hoped that these young Malaysians will not only 
apply themselves to get ahead of the learning curve of 
mitigating the effects of climate change but will also 
share this knowledge and expertise with the countries 
and people who need a helping hand the most. The 
circle must be squared to save Mother Earth (Fig. 1). We 
are the World! 

COP26: THE RACE AGAINST TIME
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Embracing Industry 4.0 
in Palm Oil Milling

Hong Wai Onn
Market Development at Novozymes Malaysia Sdn. Bhd

Introduction

This presentation was delivered by Ir. Hong Wai Onn. He 
began his working career as a chemical engineer in the 
palm oil milling industry where he spent over a decade 
and is an advocate for process improvement the palm 
oil mill. He delivered this presentation at MOSTA’s Oil 
Palm Best Practices in Agronomy, Management and 
Milling Webinar 2021 on 21st September 2021 in the 
session Prospects of IR 4.0 and Enabling Technologies 
for the Oil Palm Industry.

His presentation covered:

1 The challenges of the palm oil milling industry

2 Where are we in the Industry 4.0?

3 Future opportunities

The challenges of the palm oil milling industry

The palm oil milling industry cannot remain as it is for 
the next decade as the world population will increase 
to 9.7 billion by 2050 with significant growth in the least 
developed countries. Arable land per person will shrink 
from 0.38 hectares in 1970 to 0.18 hectares per person 
by 2050. To feed the world oil, palm is the ready answer 
as palm oil and palm kernel oil comprise one third of 
the global vegetable oil production in 2020. However, 
it is facing an uphill battle with challenges associated 
with process efficiency, safety and sustainability. But is 

the industry ready for the next revolution? While there 
have been many incremental improvements in the 
various unit operations in palm oil mills there remains 
room for improvement. 

We can capitalise on Industry 4.0 for the next generation 
of improvements. The first industrial revolution 
introduced mechanical production machines 
powered by water and steam. The second industrial 
revolution introduced mass production lines powered 
by electricity. The third industrial revolution uses 
electronics and IT to further automate manufacturing. 
The fourth industrial revolution is already upon us and 
is based on cyber-physical-systems. Industry 4.0 will 
lead to greater efficiencies and change production 
relationships throughout the value chain, as well as 
between human and machine. It covers autonomous 
robots, simulation, system integration, Internet of 
Things, cybersecurity, cloud computing, additive 
manufacturing, augmented reality and big data & 
analytics.

Where are we in the Industry 4.0?

Ir. Hong provides examples of where we are today.

1. Cage movement system. Moving from a laborious 
capstan and bollard system to an indexer system 
that relies on hydraulic system to provide pull 
and push force increased process efficiency and 
reduced dependence on labour.
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2. Steriliser station. Moving from a manually operated 
sterilisation process, including handling of the 
cages to an automated and integrated continuous 
process flow has enhanced process safety.

3. Steriliser. An effective process control system 
could have prevented a fatal steriliser explosion 
that happened a few years ago.

4. Threshing station. From a manually operated 
overhead hoisting crane to an automated tipping 
system with tipper drum and variable-frequency 
drive conveyor has increased process efficiency 
and enhanced process safety.

5. Pressing station. Moving from a laborious manual 
digester level and press pressure control system 
to an automated digester level and closed loop 
pressing control system enhanced process 
optimization and minimized oil loss.

6. Boiler. Moving from a laborious manual fuel 
feeding system to an automated boiler fuel moving 
floor maintained boiler pressure irrespective of 
interruption of fuel supply from process.

Future opportunities

Automation and PLC systems have become integrated 
into the milling process. However, Industry 4.0 has 
not yet fully arrived and some aspects now include 
autonomous robots, Internet of Things, cybersecurity 

and cloud computing. Looking ahead some of the 
possibilities are

1. Machine learning. Incorporating machine learning 
into fresh fruit bunch grading. A spectral camera 
could measure the quality of FFB and fruit ripeness 

EMBRACING INDUSTRY 4.0 IN PALM OIL MILLING

Figure 1. Cage movement system improvement

Figure 2. Boiler fuel feed system improvement
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analysed using algorithm. Sterilisation recipes can 
be determined by machine learning.

2. Data analytics. Integrating data analytics into 
process control and maintenance will lead to 
valuable correlations for better process control 
decisions, predict the optimal time to carry 

out maintenance as well as prevent workplace 
accidents.

3. Oil skimming mechanism at the clarifier tank could 
be automated by using time-domain reflectometry 
to determine the interface thereby optimising oil 
skimming and reduce the dependence on labour. 

4. Augmented reality. The skills gap can be bridged 
by on the job training with real time automation 
and bringing the training content to life using 
augmented reality. This will increase employees’ 
engagement and safety awareness, enabling a 
more sustainable knowledge transfer.

5. Integration of communication along the entire 
supply chain. This will integrate production with 
business processes for better and faster decisions, 
provide real-time traceable and transparent 
supply chains as well as minimise paperwork and 
accelerate turnaround time.

Transformation requires an ecosystem approach 
involving multiple enablers.

A. Incentives. Encourage companies to adopt new 
technologies and invest in R&D that go far beyond 
just automation

B. Skills and talent. Give attention to reskilling and 
upskilling the existing labour pool as well as attract 
and develop future talent

C. Intellectual property. Develop an understanding 
of and respect for intellectual property. It is not 
just to stimulate innovation but also to protect 
owners and users of IP.

Ir. Hong ends with a quote from Albert Einstein ““The 
world as we have created it is a process of our thinking. 
It cannot be changed without changing our thinking.” 

About the Author: Hong Wai Onn – A Chemical 
Engineer in the Palm Oil Milling Industry

A review of the book is given below:

This book is essential reading for anyone entering the 
palm oil industry at any level, from an undergraduate 
to a manager, no matter what their qualification and 
training is. The author’s writing style makes for easy 
comprehension of scientific and engineering aspects 
of the palm oil mill, an understanding of which will 
enhance the work they do in the palm oil industry.

EMBRACING INDUSTRY 4.0 IN PALM OIL MILLING

Figure 3. Self-adjusting skimmer using time-domain reflectometry
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EMBRACING INDUSTRY 4.0 IN PALM OIL MILLING

What’s in this book?

The first thought is if this book is comparable to 
Perry’s Chemical Engineers’ Handbook, the definitive 
reference. Or Mahbob Abdullah’s Planter’s Tales that 
takes you into oil palm plantations deep in the jungles 
of the equator. Or Eliyahu Goldratt’s The Goal, a novel 
of ongoing improvement in the factory. Or Bailey’s 
Industrial Oil and Fat Products, the standard reference 
on the chemistry and processing technology of 
edible oils and fats. This book has aspects of all these 
outstanding works. 

Starting from nowhere

Upon graduation as a chemical engineer or process 
engineer which is often a more apt description, the 
author joined Genting Plantations in Sabah and began 
his career in the palm oil milling industry for the next 
decade or so. A mill is often located remotely and so 
is self-sufficient. Such conditions build character and 
set the scene in developing himself as a professional 
engineer to solve problems and make improvements 
applying his knowledge hands on.    

The science

In the palm oil industry processing begins at the mill 
and in the earlier two thirds of the 30 short standalone 
chapters, the author covers the unit operations 
(process building blocks) in the mill. For the uninitiated 
he provides clear non-technical description and his 
personal wisdom. For the chemical engineering under-
graduate he shows where science and engineering 
principles are practiced. These include Dalton’s 
Law, Stoke’s Law, mass balance, heat transfer, fluid 
mechanics and thermodynamics. 

Process Safety

As with any consummate chemical engineer process 
safety and sustainability is the author’s priority. 
He devotes chapter 15 to process safety which he 
inculcated in a sector that was just beginning to 
grasp it. He had to put in some effort to convince his 
peers to move from personal safety to process safety 
management. 

Sustainability

Sustainability is a recurrent theme in the book. He 
applied mass balance to understand how to increase 
mill oil extraction rate as every percentage point 
increase not only increases the profit but also reduces 
the hectarage of land required to grow oil palm trees. 

The heart of his mill is the steam boiler which fueled by 
biomass of pressed mesocarp fibres and palm kernel 
shells. When the boiler is coupled with a steam turbine 
it produces sustainable energy. The author describes 
how he nervously first synchronised a steam turbine to 
the running electricity network.

The mill uses a lot of water not only for the steam boiler 
but also for processing. This results in wastewater 
known as POME (palm oil mill effluent). Treated POME 
is rich in nutrients and can be utilised as fertiliser in the 
oil palm plantation. Here the author went ‘beyond the 
fence’ to design and commission a land application 
and irrigation system using treated POME. Today such 
a practice could be popularly called regenerative 
agriculture.

A Leader

In the last thirds of the book before he covers the future 
technological development of the palm oil industry, 
he shares how he had developed as a manager, not 
only of processes but of people, into a leader. From 
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ISO (International Organisation for Standardisation) 
he adopted a methodology of “Plan-Do-Check-Act” 
(PDCA) that has served him well.

He is well read, a habit likely refined during the 
weekends when he was holed up in a remote mill. He 
emphasizes the value of soft skills and provides many 
examples of working with people. Ethics will confront 
many people in their career and he is not afraid to tell 
how he dealt with it.

He finds time to volunteer for the Institution of Chemi-
cal Engineers in Malaysia with some time devoted to 
nurturing chemical engineering undergraduates. The 
palm oil mill is not the only sector they can work in and 
he suggests that there are a variety of roles in the palm 
oil industry that they may not be aware of.

The future

Acknowledging that the mill has to move forward the 
author provides some possibilities. In waste to wealth 
he discusses tapping biogas generated from POME for 
energy dubbing the palm oil industry as the new oil 
and gas industry.

Biotechnology is well established in the plantation 
sector particularly in breeding of oil palms but it will 
also have a place in the processing of palm oil. Enzymes 
is a green game changing technology that can be 
applied to the palm oil extraction process not only 
to improve the rate but to minimise the use of water. 
It will also enable palm oil sludge that is abundantly 
available to be converted in a single step to biodiesel. 
The author hints that there are other possibilites 
waiting to be explored.

The author observes that the palm oil milling industry 
needs to change and embracing Industry 4.0 will be 
paramount. He provides promising examples of where 
this is already happening.

Recommendation

The author classifies his book as a short memoir. It is 
actually a text book with an index and references in 
each chapter are fully listed. This book should be 
stocked in university libraries as a reference for the 
teaching and learning of the palm oil industry. Mill 
managers will find it a useful aid to induct new recruits.

Appreciation

We should be grateful to the author for his fortitude, 
dedication and passion in writing this book. As he is 
in full time employment and regularly volunteers 
for his profession, the effort he has put in to pave 
the way for entry into the palm oil industry must be 
lauded. This is the first time I have seen an individual 
acknowledgement of all the people involved in  
a career.

Summary

Palm oil is a big business. Palm oil has been widely 
used in food and non-food industries. More than half 
the products on sale in supermarkets are made with 
palm oil—yet many people hardly know anything 
about this industry. They do not even know chemical 
engineers have a significant role to play in this 
industry. This book provides a series of episodes for 
you to discover the opportunities chemical engineers 
have in the palm oil milling industry. You do not have 
to be a chemical engineer or even work in this industry 
to enjoy this book. The insights are just as valuable for 
any discipline. 

Reported by Ir. Qua Kiat Seng, Senior Lecturer, Monash 
University Malaysia

EMBRACING INDUSTRY 4.0 IN PALM OIL MILLING
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REPORT on the Launching of E-Platform on  
Palm Oil Covering Aspects on Environmental and 
Socioeconomic Sustainability, Health and Versatility

Malaysian Oil Scientists and Technologists Association 
(MOSTA) launched their campaign, “Palm oil – Nature’s 
Gift to Humankind” under the leadership of Tan Sri Dr 
Augustine Ong at the Royal Lake Club  on 8 Dec 2021. 
The launch was graced by YB Datuk Hajah Zuraida 
Kamaruddin, Minister of Plantation Industries and 
Commodities. 

It is a timely campaign to rebrand the oil palm industry 
as sustainable and competitive given the fierce 
opposition from various quarters.

“We are not competing with other oils. All oils have 
their own benefits and serve different purposes. They 
can co-exist and even can be combined to make 
quality products,” said the minister. She also urged the 
EU to look at the science supporting palm oil’s health 
and environmental benefits.

“It should not be a trade war. We should work together,” 
urged the minister in her energetic speech. Zuraida 
will be leaving to Brussels early next year to talk to EU 
MPs. She urged Ong, and other scientists to join hands 
with her in her “war room” to provide inputs in tackling 
the discrimination by EU or other countries.

Ong who is fondly known as the Father of Malaysian 
Palm Oil presented an intriguing research outcome 
that shows palm and olive oils both induced the same 
ratio of total cholesterol over HDL indicating similar 
heart health effects. 

“This first study was done by the Institute for Medical 
Research Malaysia. We thought since it was done in 
Malaysia, there might be some bias, but to our delight, 
studies conducted in Australia, Italy, China and a 
number of other countries produced the same results,” 
said Ong.

“This is contrary to popular belief that palm oil is bad 
for our heart,” Ong explained. 

“Oil Palm is the highest oil-yielding crop which 
supports 650,000 smallholders and over two million 
people who rely on the Malaysian oil palm industry as 
their source of work”, told the minister to Bernama. 

The campaign involved a few prominent scientists 
working on various aspects of palm oil presenting 
interesting scientific facts about palm oil that are 
widely misconstrued by the public. Videos on these 
are available on e-MOSTA, a platform created to reach 
out to the public to clear many misconceptions about 
the golden oil. It offers a transparent platform that 
discusses palm oil attributes based on science.

Dr Sivaruby Kanagaratnam pointed out that palm 
oil makes the best margarine since it is semi-solid 
naturally given its balanced content of saturated and 
unsaturated fatty acids. “Due to its semi-solid nature, 
we don’t have to hydrogenate palm oil unlike the 
temperate, soft oils. Hydrogenation produces trans-
fatty acid which is bad for health and many countries 
are banning it,” she explained.

YB Datuk Hajah Zuraida Kamaruddin, Minister of Plantation 
Industries and Commodities delivering her opening speech
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Dr Ravigadevi Sambanthamurthi found polyphenols 
from oil palm fruit to be more potent than resveratrol 
from grapes. “We were all so zealous about the 
compounds in the oil, neglecting the water-soluble 
compounds in the colourful fruits. When I decided to 
check the aqueous portion, I was so surprised to see a 
high level of polyphenols and they have such amazing 
anti-inflammatory properties,” beamed the scientist. 

In the field of nutraceuticals, the demand for plant-
based extracts is escalating, as it resonates with the 
shifting preference of people towards natural-derived 
products. 

Another scientist from the Malaysian Palm Oil Board, 
Dr Fu Ju Yen spoke about the little known Vitamin E, 
tocotrienol. “Most vitamin E supplements are made of 
tocopherol because there are limited natural sources 
for tocotrienol, which is a superior vitamin E. Palm oil 
is one of the highest tocotrienol source. Tocotrienol 
gives us many benefits that help us to lead a healthy 
modern lifestyle,” said the pharmacist.

Dr Lee Yee Ying from Monash University explained why 
palm oil is perfect for deep frying with its high thermal 
and oxidative stability under high temperatures and 
high smoke point. Fewer harmful compounds are 
being formed than from temperate oils, the physical 
properties of the oil can be preserved for a longer 
period; further lower fat absorption from the fried 
foods is due to predominant saturated palmitic and 
stearic acids at the 1, 3-positions of palm oil glycerides

Former Director General of MPOB, Datuk Dr Choo 
Yuen May passionately explained her red palm oil 
and vitamin A research and its benefits which were 
established among vitamin A deficient students in 
China through clinical trials. Choo was also the pioneer 

who worked on biofuel and Malaysia embarked on the 
biodiesel initiative as early as 1981. 

“Biofuel is available in all our petrol kiosks where diesel 
is mixed with palm oil methyl ester. We did extensive 
testing on engine performance using buses and taxis 
and it proved to be a very environmentally sustainable 
fuel,” said Choo.

Palm oil not only mesmerised local scientists but also 
international experts. One of them is Prof Denis Murphy 
from the University of South Wales, UK. “I switched to 
oil palm research after seeing how superior its oil is 
compared to temperate oils. It is so sustainable and is 
the perfect choice to meet the growing demand for 
edible oil without harming the planet,” said the plant 
biotechnologist.

The scientific communicator to the awareness project, 
Datin Dr Mahaletchumy Arujanan, who is a renowned 
science communicator said palm oil has excellent 
talking points that are not leveraged fully to dispel 
the myths among the public. “The change of attitude 
among the public will happen if we speak their 
language and make our arguments relevant to their 
concerns. An excellent communication strategy is 
what we need,” said Mahaletchumy before wrapping 
up the launching event. 

Reported by Datin Dr 
Mahaletchumy Arujanan

Global Coordinator, ISAAA
Executive Director

Malaysian Biotechnology 
Information Centre (MABIC)

Panel Presentation by experts including Prof Denis Murphy participating virtually. From left: Dr Lee, Datuk Dr Choo,  
Datin Dr Clara Chee, Tan Sri Datuk Dr Augustine S H Ong (Chairman & Moderator), Dr Ravi , Dr Siva and Dr Fu



Malaysian Oil Science and Technology 2021 Vol. 30 No. 2 • Copyright MOSTA vii

NEWS

CPO production growth has been mostly negative and 
will only revert back to normal in 2022Q4 [Fry & McGill]. 
Rising prices of CPO have trended north and changed 
from the long-term inflation adjusted downtrend so 
that the new trend of rising prices will continue in 
2022. Record spot prices above RM6,000/MT have 
been seen even as PKO prices hover near RM9,000/MT. 
There has been a pent-up demand for vegoils but there 
are climate disasters for temperate oils production; for 
oil palm however, reduced fruit harvesting due to a 
shortage of labour from Covid-19 border closures and 
lockdowns has caused losses in production and of 
taxable profits estimated at RM20 billion for Malaysia 
in 2021.

Record Prices for PKO and CPO. – T. Mielke “Global 
Supply and Demand Outlook of the Major Vegetable 
oils” Malaysian Palm Oil Pocket Talk on Market and Price 
Outlook, 7th Feb 2022.

Brent crude has risen above $91 on Jan 27, a 
seven year high partly due to political tensions in 
Ukraine, and will provide relief for biodiesel-mandate 
pain at a time of rising commodity prices when the 
FED will soon be raising rates to counter inflation 
while food security has become a major concern for  
many countries.

US FED has noted the “the economy is quite different 
this time” and policy will need to be “nimble” while 
analysts are anticipating potential biggest and fastest 
tightening of global monetary policy in years. Inflation 
is well above target, the economy is already close to 
full employment and asset valuations look stretched.

Rich countries benefit most from Intangible 
Capitalism during the global pandemic. The full 
range of intangibles: innovation, data and 
analytics, and human and brand capital and the 
companies involved with these, have been able to 
contribute to all areas of growth, e.g. electric vertical 
takeoff and landing (eVTOL) technology is being 
developed by Wisk for a future pilotless flying taxis.  
California-based Wisk is owned by Boeing Co and  
Kitty Hawk. 

The new super battery is here, it can: charge in eight 
minutes – not hours. Carry 9,200 miles on a SINGLE 
charge. And last not one, not two, but 12 MILLION miles.
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EU Emissions Trading System carbon price

Singapore’s carbon tax of S$5 per tCO2e pales in 
comparison to Sweden (US$130, world’s highest) 
and that of EU of around US$90. Consideration is 
given that to be a genuine driver of change the tax 
needs to be set at a cost-effective level and that many 
regional countries have yet to introduce carbon taxes 
as this may impact competiveness and economic 
progress and also in view of other ESG and green 
initiatives.

A Global Carbon Incentive (GCI) has been 
suggested as an economic solution to the iniquity 
and inequality of responsibility to mitigate climate 
change. Developing countries in Africa where many 
countries emit less than 1 tonne of CO2 per capita 
cannot be expected to bear the same burden as rich 
countries like US or Saudi Arabia with emission rates 
of 16 and 17.5 tonnes, respectively. If each country 
that emits more than the global average of 5 tonnes 
per capita contribute to GCI, say priced at a low $10/ 
tonne per capita, the fund could pay a commensurate 
amount to those countries which emit below the 
global average. In this way the fund would be self-
financing where a poor country can be allowed to still 
pursue growth. Every country would face an effective 
penalty of US10 per capita for every tonne additional 
emission regardless of whether it started at a high, 
low or average level. It is always difficult to get nations 
to pay and the scheme just appears interesting but 
economically viable solutions need to be found 
even if the proposed GCI remains simplistic.

Historical responsibility for climate breakdown: 
global north 92% and global south 8% –  USA (40%), 
EU-28 (29%), Russia (8%), China (-11%) and India (-34%). 
– The Lancet Planetary Health/Jason Hickel 2020.

Modern services exports have flourished during 
the pandemic times – telcom, information and 
communications (ICT), finance and insurance, and 
professional services, as these services can be rendered 
without close proximity between the service provider 
and customer. The strength of modern services lies in 
its ability to create new services and solutions

Decentralized Finance, or DeFi, is an absolutely 
transformative sector for the crypto world powered 
by blockchain. It’s an entirely new kind of financial 
system that cuts out the middleman, that lets 
people borrow and lend money directly from each 
other, that lets people buy and sell assets directly from 
each other. Peer to peer. Without traditional banks, 
without brokers, even without stock exchanges! And 
without the big central banks of the world debasing 
the currency that our assets are denominated in. 
This new world of decentralized finance is going to 
continue evolving and growing with widespread 
impact on almost everything connected to money, 
markets … and banking.   Billionaire Mark Cuban says, 
“banks should be scared” of this great revolution. 
Brian Brooks, former U.S. Comptroller of the Currency, 
says it is “one of the great forces reshaping financial 
services.” This new world of DeFi has already laid the 
groundwork for transforming nearly our entire world 
from a centralized system, controlled by elites, into 
a decentralized system, controlled by billions of 
users.

“Web 3.0 can potentially disrupt the world of finance. 
This is the phenomenon of decentralised finance or 
DeFi where end-users perform financial transactions 
directly with one another using smart contracts, 
without the need for financial intermediaries. It 
is a fundamentally different approach to financial 
infrastructure, compared to the centralised systems 
of today,” Decentralised finance or DeFi is a subset 
of Web 3.0. For example, tokens being bought and 
sold on decentralised exchanges, without the need for 
intermediaries to clear and record the trade. Another 
example is borrowing and lending, where anyone can 
lend and borrow directly to others via a liquidity pool 
managed by a smart contract. – Ravi Menon, Monetary 
Authority of Singapore (MAS), Nov 9 2021.

Ethereum is rising while Bitcoin has hit the trillion 
dollar mark and diminishing because of the lack 
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of scalability and high power consumption. Both 
used the underlying blockchain technology but 
Ethereum goes a bit further to make blockchain 
programmable and Silicon Valley loves this as experts 
think this will transform the economy as Web 3.0 in a 
new megatrend.

Apirion technology, limitless AI-enabled IoT 
connections used in smart home devices, wearables, 
for security, healthcare and diagnosis, insurance, and 
robotics, is forecast to be the trillionaire maker.

Smart Glasses, a smart-phone killer but a new 
generation of computing device for humanity? With 
these glasses, you’ll be able to do everything you can 
do on a phone – text, call, check emails, get directions, 
and browse the web…All by using voice commands, 
hand gestures, and even eye movements. The days 
of hunching over, squinting at a tiny screen of the hp, 
hammering at tiny icons are coming to an end. Smart 
glasses may be able to bring so much utility apart 
from social communication and entertainment 
that could make the present smart phone quaint.

The order of toxic LOP (liquid oxidation products) 
production in culinary oils is PUFAs >> MUFAs >>>> 
SFAs. The rate of thermally-induced degradation 
of conjugated hydroperoxymonoenes (CHPDs) or 
hydroperoxymonoenes (HPMs) to a series of smaller 
molecular fragments also increases with increasing FA 
unsaturation status, i.e., it is in the order linolenoyl- 
> linoleoyl- >> oleoylglycerols [oxidative conversion 
of such UFAs to primary LOPs, commonly described 
as lipid hydroperoxides (HPMs and CHPDs), a process 
sequentially followed by their fragmentation to 
secondary LOPs, the latter including extremely 
toxic aldehydes in particular]. – Grootveld et al. 
Commentary: Iconoclastic Reflections on the ‘Safety’ 
of Polyunsaturated Fatty Acid-Rich Culinary Frying 
Oils. Appl. Sci. 2021, 11, 2351. https://doi.org/10.3390/
app11052351

Research on lipid markers has shifted to lipid 
transporters called apoliprotein B (apoB) and 
apolipoprotein A1 (apoA1). Those with the 
highest apoB/apoA-1 values were almost three 
times more likely to have a heart attack. They 
were also at nearly a 70% greater risk of a major 

cardiovascular event and almost 40% more likely 
to die from cardiovascular causes. The researchers 
also found that the apoB/apoA-1 ratio could predict 
cardiovascular events as early as 20 years before they 
happened. – Goran Walldius et al., Karolinska Institutet, 
Stockholm.

CD36 and Fatty Acids (FA). Acute infection is known 
to induce rapid expansion of hematopoietic stem 
cells (HSCs), but the mechanisms supporting this 
expansion remain incomplete. Using mouse models, 
it is shown that inducible CD36 is required for free 
fatty acid uptake by HSCs during acute infection, 
allowing the metabolic transition from glycolysis 
(using glucose) towards β-oxidation (using fatty acids). 
FA uptake is mediated by CD36 and is essential 
to combat bacterial infection and indicates the 
need for fat deposits to provide energy to fight 
infection. – Stuart Rushworth, Norwich Medical School. 
Unfortunately, metastatic cancer cells can evolve to 
use the CD36 pathway to utilise fatty acids, e.g. oleic 
acid in cervical cancer and palmitic acid in oral/skin 
cancers.

Chocolatiers carefully temper chocolate, melting and 
cooling it until it looks and feels right, i.e. glossy and 
has just the right viscosity when Form V cocoa 
butter crystals (out of six others) dominate, and 
other polymorphs have melted away. Even with great 
attention to detail, the process is slow and difficult to 
control. Marangoni and his team at the University of 
Guelph, added small amounts of minor lipids of just 
0.1% by weight of two phospholipids already present 
in chocolate, made the tempering process nearly 
foolproof, with less need for temperature control (Nat. 
Commun. 2021, DOI: 10.1038/s41467-021-25206-1).

CO2 to Starch. First CO2 is converted with H2 by 
chemical catalysts to methane – which is then 
converted to three carbon sugar precursors. Enzymes 
then use 3-carbon precursors to create 6-carbon 
sugars and finally polymerise to starch molecules. 
The whole process involve 11 core reactions and the 
manage to refine efficiency to a final run time of 4 h. 
This is 8.5 times more efficient than corn and with 
solar power the process is 3.5 times more efficient 
than plants. – Ma et al., Chinese Academy of Sciences; 
Science 2021, DOI: 10.1126/science.abh4049
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Climate action is not only about creating a circular 
business model and creating environmental and social 
impact, it’s about survival. Our house – planet earth – 
is on fire and I want you to panic. These are the opening 
words of climate activist Greta Thunberg when 
speaking to the European Parliament more than a year 
ago. By 2021, “Nothing has changed from previous 
years, really,” Thunberg told The Guardian. “The leaders 
will say, ‘We’ll do this and we’ll do this, and we will put 
our forces together and achieve this’, and then they 
will do nothing.

World is now richer and the number of trillion 
dollar companies are increasing. Global wealth has 
tripled (U$514 trillion) over the last two decades 
with China leading at $120 trillion and US at $90 
trillion. – McKinsey report, Bloomberg Nov 15 2021.

US inflation hit 7% in December 2021, its highest 
since 1982, while the forecast in the beginning of 2021 
was only 2%. It has been positive psychology as most 
of the present younger population would not know 
of 1970’s inflation when gold was removed from 
backing the US$. It will be challenging to see how 
the government and Fed handle the possible effects 
of runaway inflation food, medicines, petrol, rentals, 
homes and retirement funds, as the Dollar loses value 
from a reliable strong currency.

Inflation has resulted in companies adapted to the 
changes in supply and demand dynamics where 
supply chains get disrupted, upsetting costs of 
production. For years, the standard of supply chain 
management was the “just in time” model. This 

allowed companies to keep their inventory costs 
down as there was little need to get services like 
warehousing to store the goods. Raw materials could 
go immediately onto the factory floor and finished 
products can be shipped out to markets immediately. 
But the ongoing pandemic has pushed the model to 
the brink of obsolescence. Everywhere around the 
world, makers of masks to semiconductors to vaccines 
to cars are singing a different tune. “Supply chain 
resilience” is now the new buzzword for supply chain 
professionals. The fragility of global supply chains can 
be seen in the ongoing shortage of semiconductors. 
Due to a shortage of chips, Bloomberg reported in 
March that carmakers are expected to miss out on 
US$61 billion ($82.5 billion) of sales this year alone. 

Goldman’s Solomon says market greed is now (End-
2021) outpacing fear – “My experience says those 
periods aren’t long lived. Something will rebalance it 
and bring a little bit more perspective.” “When I step 
back and think about my 40-year career, there have 
been periods of time when greed has far outpaced fear 
-- we are in one of those periods,” “Chances are interest 
rates will move up, and if interest rates move up that 
in of itself will take some of the exuberance out of 
certain markets”. On the challenge of climate change, 
he said transitioning to a green economy was “hugely 
important.” The Net Zero climate initiative has met 
with scepticism as climate activists and non-profits 
questioned whether big finance is capable of rapidly 
weaning itself off fossil fuels. “We have to recognize 
we are trying to drive very dramatic change,” Solomon 
said, emphasizing that the transition will take time. – 
Bloomberg Nov 17, 2021

2022: More Market Volatility is expected in US 
given the ever-higher valuation of hot stocks and 
worry over anticipated interest rate hikes, even as 
China technology stocks had corrected earlier.

A late-stage bubble? Meme stocks, a buying frenzy 
in electric-vehicle names, the rise of nonsensical 
cryptocurrencies such a dogecoin and multimillion-
dollar prices for non-fungible tokens, or NFTs. Central 
banks’ timing is rarely perfect, or even close to it – they 
always seem to be behind the developments in their 
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real economies and today’s environment is as complex 
and uncertain as it has ever been – so the potential 
for misjudgments with material consequences for 
economies and financial markets are very real. The 
past two years have been tremendous for risk-
taking investors but, with the central bank safety 
nets of ultra-low interest rates and virtually 
unlimited liquidity now being withdrawn, the 
outlook for this year is now far more uncertain and 
likely far more volatile as the banks grapple with an 
unpredictable threat, inflation, that they haven’t 
seen for decades. It is the time for “crazy investor 
behaviour”. – J. Grantham, Jan 2022

US Market Correction to be about 60%? If Taken as 
a whole, if the stock market were to go back to normal 
range, about US$20–30 trillion would go away. This 
is based on the historic mean of Warren Buffett’s 
famous market cap-to-GDP indicator, which is 
86%; and US GDP of around $23.2 trillion and the 
stock market now at about 221% of GDP. The Buffett 
indicator has only crossed the 150%-of-GDP line twice 
since 1950 – in 1999 and 2017. But if the FED keeps 
up buying assets, presumably also stocks and bonds, 
even if inflation rates go up, the value of debt will go 
down and the value of stocks and bonds for the rich 
also go up and so everybody will be happy. – Bill 
Bonner, Diary, 311221.

Only companies that were able to maintain 2019 
rates of pre-pandemic growth were those that 
had invested significantly in the full range of 
intangibles: innovation, data and analytics, and 
human and brand capital. In a dematerialised, 
digitised, knowledge-driven world, corporate 
returns, productivity, and economic growth will 
increasingly be tied to such assets. But unlocking 
their true value requires not only investing in them 
but be accompanied by skills and managerial know-
how or human capital needed to make effective use of 
them. An emerging new form of capitalism makes it 
imperative for equipping for qualified personnel with 
highly portable modern skills and capability with the 
dominance of dematerialised digitized economy. – 
TheEdgeSingapore

Glife in partnership with Novitee plans to launch 
in Malaysia and Indonesia. Glife is a seed-to-spoon 
supply chain distribution company providing the 
full stack of digital technologies to the HORECA 
(hotels, restaurants and catering) industry. They 

intend to improve and strengthen the fragmented 
supply chain between farmers and merchants 
and coordinate supply and demand among clients 
and customers in Southeast Asia and China. Agrifood 
supply chain and labour challenges and digitization 
trend will require innovative technology companies.

Attention is now shifting to how data is used by 
the software —regulations both to avoid regulatory 
risks but also to maintain their stakeholders’ trust. 
There are unfair outcomes and risks of using 
Artificial Intelligence (AI) – Francois Candelon, Boston 
Consulting, particularly by AI algorithms that can 
diagnose cancer, drive a car, approve a loan or assess 
examination grades. For example, the EU considers 
regulation to be essential to the development of AI 
tools that consumers can trust, and China puts 
additional legal responsibilities on algorithm 
owners operating in a number of areas such as 
web search, e-commerce or short-video sharing. 
Companies will need to prepare for these upcoming 
regulations. WhatsApp was hit with a EUR225 
million ($352.25 million) fine for violating Europe’s 
privacy rules. Meanwhile, China just passed its first 
data protection law — the Personal Information 
Protection Law (PIPL) — a game-changer for companies 
with data or businesses in China. While privacy and 
data related laws already impact companies in 
material ways, they are probably only the tip of 
the iceberg of technology regulations yet to come. 
– TheEdgeSingapore Nov 2021

Blockchain in cryptos are facing scaling technical 
problems. Blockchains don’t scale in practice, 
transactions to reach global consensus take program 
execution times that needs electricity and generates 
heat. The need for datacenters to handle faster 
transactions without congestion will need faster and 
better chips which are still beyond affordable costs for 
small investors.

About 95% of auto-accidents are caused by human 
error, which makes driving one of the most dangerous 
activities – while driving people eat, drink, peek at the 
smartphone, talk to kids at the backseats, fall asleep, 
slumps under the influence of alcohol, etc. Now a 
technology solution is being offered as Autonomous 
Mobility Everywhere (AME). Driverless cars are 
already available, supposedly could eliminate 90% 
of accidents. Call up the company providing the AME 
vehicle which uses AI, LIDAR tech, cameras just like a 
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driverless taxi, allows you to hop in and be taken to 
your destination while you can spend time to chat 
or work on your portable phone/laptop. Think of the 
savings as another car owned normally spends 95% 
parked unused, and also savings on maintenance  
and parking.

America’s wealthiest celebrities appear to be on 
the run… Mark Zuckerberg to a large plantation on a 
tiny island in the middle of nowhere, the former CEO 
of Google has applied to be a citizen of Cyprus which 
already has billionaires and their superyachts, Kim 
Kardashian rents a private island in French Polynesia, 
some former US presidents are already in quiet islands 
off Florida.

NFTs are booming even as CRYPTOs have crashed. 
The digital image sold for $3 mln after 2 months, four 
cartoonish dinos sold for $2 mln and the image of a 
rock sold for $1.8mln after 3 weeks – Teeka Tiwari. 
“NFTs will completely turn the [art], music and 
movie industry upside down”. “This is like the early 
internet days all over again. NFTs are going to be huge. 
This is the holy grail” – Mark Cuban. “We’ve reached 
and inflection point… with NFTs… I think we’re at that 
point where we’ve moved beyond the early adopters. 
The whole crypto ecosystem is just scratching the 
surface of what NFTs are” – Microsoft’s Blockchain 

Director. “A feeding frenzy, with new highs almost 
daily”. – Time Magazine

Conjugated linoleic acid (CLA) from the seed of 
Safflower includes isomers c9-t11 and c10-t12 (1:1 
ratio) with pepper extract have been commercialized 
for “burning” of belly fat and “normalizing glucose  
and insulin”.

Impossible Foods launches plant-based pork in 
Hong Kong, the US and Singapore. After releasing 
Impossible chicken nuggets earlier, the company has 
ventured into a new type of plant-based meat – pork. 
It is made out of soy, the same key ingredient as its 
beef product.

Russian-Ukraine Conflict (Feb 25 2022).  Expect 
inflation woes as Ukraine is the breadbasket of 
Europe while Russia is a top exporter of wheat, 
gas, oil and metals (esp. aluminum). “This is a 
molecule crisis. We’re out of everything: oil, gas, coal, 
copper, aluminum and foods” – Jeff Currie, Goldman 
Sachs Group Inc. Geopolitical solutions? “No War, No 
Peace” – Leon Trotsky (1918). “You were given the choice 
between war and dishonour. You chose dishonour, and 
you will have war” – Winston Churchill (1938). “Whether 
you like it or don’t like it, bear with it, my beauty”  
– V. Putin
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A female scientist named Eunice Newton Foote 
warned back in 1956 that too much carbon dioxide 
in the atmosphere could cause the earth to warm. 
Global action on climate change came … but 140 
years later.

Is climate change causing a change of vocabulary 
or use of superlatives? “Eastern US face bomb cyclone 
of snow and wing” makes for things to be scarier and 
keep people in a state of alarm?

To all the young people out there – I want you to 
stay angry. I want you to stay frustrated. – Barack 
Obama to climate activists

Today we have 7.8 billion people, almost all supported 
by fossil energy and the price tag is in trillions of 
dollars. Imagine the supply chain disruptions that 
could result in cutting supplies of this fossil energy. 
And the billions of people that come out of poverty 
and those who live in comfort using nature’s stored-
up energy. The human race may be better off 
limiting public policies, rather than limiting the 
use of fossil energy, e.g. consider the 203 million 
killed directly and indirectly in continual wars.  – John 
Kerry, America’s special presidential envoy to COP26. – 
Bill Bonner, Diary 091121.

“For the moment the trade of the decade – the shift 
to renewable energy production – is being won by 
fossil fuels.” – Aaron Patrick, Aus Fin Review

In this uncertain world of Covid-19 pandemic with 
the highly contagious Omnicron variant about to be 
a “last?” tsunami of infections, the fengshui guide is 
being popularised. A “Water-Tiger” year will be like 
having to “navigate a river of uncertainties and 
extremes”, sectors expected to do well will be trade, 
shipping and travel that “will finally be flowing 
again” – TheEdgeSingapore

In a civilised society, people make their own 
choices. They follow their hearts, their minds, science 
or their leaders. They are in thrall to some god…some 
guru…some great idea. Who are we to know whom to 
ridicule? Should we be opinionated like Michael Hiltzik 

mocking “anti-vaxxers” death is ghoulish, yes … but 
necessary? OR use the blasé, callous tone of Hillary 
Clinton of “We came. We saw. They died”. Lincoln chose 
to speak ‘with malice towards none, with charity for all’. 
– Bill Bonner, Dec 2021. But the world is swamped 
with information in a digital age but starved for 
wisdom! But as Lincoln put it, you can fool some 
of the people all of the time and all of the people 
some of the time.

We can’t predict the future… control the future… or 
even prepare for it. And we can’t count the bodies 
that haven’t died yet. Curiously, the average age of 
someone dying from COVID-19 in the U.S. is about 
the same as someone dying from something else – 
around 78.  Bill Bonner Diary 200921

Meanwhile, China technology stocks suffer death by 
almost a thousand cuts from “Common Prosperity” 
policies in Hong Kong but there is survival in January 
of “Tencent wobble” of an impressive “ten percent” 
rally. The US innovative SPAC-listed Grab had provided 
a short spell of “hope and fantasy” in SE Asia before 
“platform with no profits yet” correction play out to 
reality. It is yet to be seen on what will be happening 
to share-buyback supported Nasdaq stocks and 
cryptos like Bitcoin for the “buy-the-dip” investors.

Tesla (TSLA) has been around for nearly 20 years; 
cumulatively, it hasn’t made a dime of profits from 
selling cars (it gets billions in government-ordered 
subsidies). Yet, its share price went up 1,270% since 
the beginning of Jan 2020, making many millionaires 
while Musk who also owns SpaceX and Starlink 
satellite internet will be a potential trillionaire. Shiba 
Inu (SHIB), a comic coin, gained 84 million percent 
in the last year. It’s now worth more than Japanese 
auto manufacturer Nissan (NSANY). A non-fungible 
token (NFT) from a “digital artist” named Beeple 
sold for $69 million at British auction house Christie’s. 
For reference, Vincent Van Gogh’s Vase with Fifteen 
Sunflowers masterpiece sold for $96 million (in today’s 
money) back in 1987. – Bill Bonner Diary, Nov 2021

Cryptos and NFTs have been supported by the 
tsunami of speculative liquidity from central banks 
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but are now rife with “mountains” of fraud, money 
laundering, market manipulation and tax evasion 
– Internal Revenue Service 

US FED’s Dilemma: In the 2008 global financial crisis 
precipitated by US mortgage excesses, it was never 
again promise of massive QE intervention but in 
2020 pandemic an even larger scale intervention took 
place. When there was a run on money market funds, 
the FED bailed out again. The FED continues to offer 
whatever-it-takes guarantee to municipal-bond 
issues and propped up corporate bonds. America 
will remain awash with debt but will await Uncle 
Sam’s bailout and each time requires ever larger 
transfusions. Now the immediate problem is tapering 
without tantrums or other novel exit strategy while 
raising rates.

Warren Buffett. Few people realize that most (85%) 
of his wealth has been accumulated since he 
turned 65 (time of retirement). This means he started 
investing in the 30s until he retired in the 60s, at a time 
few people would have heard of him. In the new tech 
era, it is noted that Buffett’s compounding interest 
investment strategy has again beaten in 2022 the 
high-flying, racy Ark Innovation ETF after two 
years. Buffett’s fund did well despite the pandemic 
but the question is what is next as what is around the 
world is a “super-bubble”?

Teenager Justin Fong from California asked the 
billionaire Buffett what advice he would give a young 
person on how to be successful. Buffett said: It’s better 
to hang out with people better than you. Pick out 
associates whose behavior is better than yours and 
you’ll drift in that direction.

Buffett is now investing in both assets (Cryptos and 
pre-IPO shares). This is a stunning about-face for 
a man who once slammed bitcoin as “rat poison 
squared…” and a few years ago said, “private 
equity [is] not as good as it looks.” – Teeka Tiwari, 
Palm Beach Daily 011021

“I view it (crypto) as an alternative money in an 
environment where the value of cash money is 
depreciating in real terms,” billionaire Ray Dalio said. 
He also added that cash might just be “the worst 
investment” in this day and age.

With inflation, printing machines get busy for 
cash to keep coming. When prices fall, cash goes 
into hiding. ‘Economics has been called the “dismal 
science”. Economics is dismal, but it isn’t science’. 
At best it is merely voyeurism, peeping in people’s 
windows as they go about their business and trying to 
figure out what they are doing. At worst, it is pompous 
theorizing about how to get the schmucks to do 
better’ – Bill Bonner, Dec 2021 

Yes, “Peronism is Argentina’s most successful 
export,” jokes a friend in Salta. Juan Perón took a 
little from Mussolini… a little from Hitler… a little 
from Stalin. And then, he added a tango beat and 
chimichurri sauce.

First they said inflation was transitory. Then they 
said it’s supply chain issues. Now they admit inflation 
is a problem… But they say they can fix it with more 
trillion-dollar spending bills. The game they’re 
playing is, water down the dollar, while telling 
everyone you’re not. Tom Dyson Postcards 101121

When the money goes, in other words, everything 
goes. Because money determines not just your wealth, 
but your place in the world… your status… your 
power… whether you owe or are owed… whether you 
sell your time or buy others’ time… whether you are 
a have… or a have-not. The amount hardly matters. 
What counts is how it is gotten. And the more the elite 
controls the distribution of money… the more of it ends 
up in the hands of the undeserving elite. But wait… 
The Fed says it is going to back off. Jerome Powell 
says he is going to stop diddling the accounts that 
made him and the rest of the elite so wealthy. Is 
that really going to happen? Are we going back to a 
less political world? – Bill Bonner, Diary 041121

Singapore is ‘most fatigued’ country in the world 
– and we’re tired of it. CNA Lifestyle – Wellness. Khoo 
Bee Khim 060921. Fatigue score: Singapore (7.2 out 
of 10), Mexico (7.01), USA (5.57), Japan (5.32), China 
(4.59), Germany (3.11). Hours-worked-per-year: 
Mexico (2,255), Singapore (2,238), China (2,174), USA 
(1,757), Japan (1,738), Australia (1,613), Germany (1,354). 
Time-on-the-internet-daily: Brazil (9 h), Mexico (8), 
Singapore (7), China (6), Australia (5), Germany (4).
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Is something terribly wrong in America? It was the 
country of the American dream. The nation that won 
World wars I and II and created the most powerful 
economic engine in history – inventors of electricity, 
the automobile, the airplane, the personal computer, 
the internet, etc. The values that are held dear, 
like equality, individual freedom, hard work, and 
fiscal responsibility have been tossed aside. It has 
become a land of handouts where it is more profitable 
not to work. J.F. Kennedy once famously implored 
“Ask not what your country can do for you: ask 
what you can do for your country”. USA may have 
become a nation of takers, an irresponsible socialist 
country. – Louis Navellier 2021. Less it is forgotten, 
Ronald Reagan famously said: “Socialism only works 
in two places: Heaven where they don’t need it and 

hell where they already have it.” It’s no surprise every 
single socialist government in history has failed, from 
the Soviet Union to Cuba, Venezuela and Zimbabwe. 
And Margaret Thatcher, Britain’s Iron Lady, once said: 
“The trouble with socialism is that eventually you 
run out of other people’s money.” But remember “you 
never waste a crisis”. – Winston Churchill

Americans have ignored the limits for a long time. 
They’ve sown the wind, to coin a phrase. Now, 
they’re reaping the whirlwind. He’s shown why they 
can’t back up… why they can’t change direction… and 
why the result will be the worst financial calamity the 
world has ever seen. Almost all of the whole world are 
caught – inflate or die. – Bill Bonner Diary 221021
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v,107,118,133-140,154

i,iii,v,102-5,

iii,v,87-101

i,v,vi,109,114,118,120

v,vi,viii,x,xi,87-101,102-4

v,x,xii,xiii

iv,vii,107,119-21

i,109,119

iii,vi,148-150

i,104,105,107,109,114,115,117,119,121,

125-32,144,153,154,157,159

i,v,xi,110,114,115,117,118,120,121,

132-140,154,156

iv,viii,x,xi,xiv

iii,125-132

iii,v,87-101
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