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COVER STORY
There has been a series of crises which confronted the world
leading to a climax in food and edible oil shortages, supply
chain disruptions from pandemic to geopolitical sanctions,
persistent inflation, assets deflation, volatility of commodity
markets. The climate crisis is caused by the rise in global
temperatures, now nearly up 1°C, by GHG from the use of
fossil fuels which had fueled humanity’s progress since coal
started the industrial revolution. The energy needs to fuel
the present internet and rocket age are massive so that
soaring prices of oil and gas and also vegetable oils have
occurred [Ng et al].
Shortage of Food and energy resources can easily threaten
peace and social order and can be used as geopolitical
weapons [Chowdhury & Sundaram] but it is climate change
that has become increasingly evident that is the imminent
threat to humanity [Tamahrajah et al]. Mitigation of
climate change requires renewable energy such as from
“inexhaustible” solar power. Whereas previously the
world exploits fossil energy which had been a storage
of photosynthetic material over eons of time, the hope
of humanity returns to harness solar energy as efficient
photovoltaic technology and batteries as well as renewable
biofuels derived photosynthetically by plants [Choo;
Sauthoff et al].
The cheapest and highest yielding hydrocarbon source
has been palm oil and while photosynthesis has remained
inefficient, use of biotechnology (genomics) and
technology (IR4.0) have been pressed to ever-increasing
limits for productivity and efficiency [Tey et al; Teoh et al].
The transition to EVs will take some time (2030 to 2050)
and biofuels will still be needed to power the combustion
engines.
HVO and SAF [Choo] are available and sustainably produced
from used or non-food vegetable oils. The complete
transition from fossil to renewable sources for all chemicals
is feasible from developments in SAF/HVO, enzyme and
synthetic biology technologies [Cheng & Goh].
Acknowledgements: AAR/MPOB and Sime Darby for oil palm
and fruit pictures; Chart from Ivy Ng; SH Goh and HS Yong for
sunflower pictures.
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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.

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
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The views expressed by the contributors are not
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text and advertisement. MOSTA requires indemnity
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which may arise from materials published.
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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
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All materials in MOST are copyright and should not
be reproduced wholly or in part without the written
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Abbreviations. AI & AR = artificial intelligence and augmented
reality; ESG = environmental Social Governance; EU = European
Union; FAO = Food and Agricultural Association of the US; FED
= US Federal Reserve System central bank; GFC = great financial
crisis of 2008; GHG = greenhouse gases; MCTs = medium chain
triglycerides; NFTs = non-fungible tokens; QE = quantitative
easing; US = United States of America; WMD = weapons of mass
destruction

INFLATION & FOOD/ENERGY CRISIS?
It was the best of times of a relatively peaceful world
with globalisation, steady economic growth and
falling energy prices after the great financial crisis
(GFC) and Arab Spring. Then geopolitical upheaval
occurred as de-globalisation trumped followed closely
by a Covid-19 pandemic disaster (see Fig. below).
Global inflation and the food/energy crises were finally
triggered by the Ukraine-Russian war and subsequent
trade sanctions. The soaring food and energy prices
have now sparked a possible beginning of the worst of
times with rising costs (interest rates, energy and food)
but deflation of assets (equities, bonds and housing)
and dangerous geopolitical tensions.
The period of peaceful, steady economic growth, even
with central banks tampering to get inflation to >2%,
seems almost permanent until rudely interrupted by
an unexpected global Covid-19 pandemic in 2000
but deflation was promptly averted with massive
quantitative easing (QE). Inflation was largely
contained by pandemic global lockdowns and it was
only triggered by the confluence of events: supply
chain disruptions, rise in shipping costs, climate
disasters, Ukraine-Russia war and subsequent trade
sanctions. The resulting food and energy crises will
impact humanity powerfully (see Fig. below), e.g.,
possible global recession, famines and social unrests
[Chowdhury & Sundaram]. Inflation is no longer
“transitory” but persistent as ordinary people feel the
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pain from higher costs of living due to rising prices of
food and energy and soon increasingly for housing as
well. US has just experienced a 40-year high inflation
of 8.6%, UK 9.1%, Singapore 5.4% and Malaysia ~3%
while Turkey is facing hyper-inflation of 54.8%.
Unprecedented food shortages followed by a global
hunger crisis are likely as farmers struggle to cope with
rising fertilizer and energy prices, already exacerbated
by supply chain disruptions, climate change disasters
and persistent geopolitical conflicts.

GEOPOLITICAL CONFLICTS AND CLIMATE CHANGE:
RECORD PRICES FOR VEGE-OILS AND ENERGY
For some time, although inflation had been
anticipated because of the synchronous quantitative
easing by global central banks since 2008, but instead
soaring asset prices including digital ones occurred
while rising prices for food and energy were mostly
spared. However, supplies of food and vegetable oils
were already under pressure due to disruptions from
pandemic lockdowns as well as poor harvests from
climate change disasters but it was sanctions following
the Ukraine-Russian war that sparked the sudden price
rise as the two countries dominate global supplies of
food (wheat and sunflower oil), energy (oil and gas)
and fertilizers.
Vege-oil prices then broke all records during early 2022
with palm oil being high costliest vege-oil in Europe
for a short period of palmitic shortage. With the
shortage of sunflower oil, palm oil was relied upon as a
reliable substitute even in demand now by previously
anti-palm manufacturers [Goh; Sia et al]. Further, the
Indonesian government, in trying to protect domestic
consumers, went as far as temporarily banning palm
oil exports causing shortages and grievances by
importers, apart from causing record prices [Fry & Ng].
Palm and kernel oils (temporarily the highest priced
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vege-oils in EU but palm oil has corrected by end
June 2022 to RM4,500) are finally being appreciated
as essential resources indispensable for hundreds
of food and non-food products, especially due to
their exceptional qualities (nutritive, functional,
oxidatively stable, cost-effectiveness, ready availability
and specialties in MCTs, confectionary, vitamin-E
tocotrienols and carotenoids; applications to the wide
range of surfactants and personal care products) [Goh;
Sia et al; Sauthoff et al, Cheng&Goh]. On sustainability,
it is the high-yielding oil palm that stands tall above
the other major oil crops, being on the way to target
negative GHG emissions (carbon sequestration) and a
circular economy [Tamahrajah et al; Chew & Tey; Teoh et
al, Choo].
Food security and inflation are complex contrarian
issues in a world used to food abundance and easy
money. Food shortages with inflation, stagflation or
recession will foster social unrest, even cause famines or
starvation and forced migration by poorer populations
while a wider war could be an existential threat for
humanity [Chowdhury & Sundaram; Tamahrajah et al].
The elephant in the room is Global Warming, it is a

race against time to reduce GHG emissions to contain
temperature rise to below 2°C. Promises, considered
too-little-too late, had been made by most nations to
reduce fossil energy use but the soaring prices of oil and
gas indicate a greater dependence on fossil energy and
a possible beginning of commodity resource cycle. The
transition to renewable energy has met many obstacles
– there is an obvious mismatch in providing new
supplies and infrastructure for renewable energy to
balance of progressive supply reduction of fossil fuels.
Working towards zero-carbon targets require massive
capital and material resources, high technology inputs
and international collaborative planning. Shortages
of energy storage materials (electrical and semiconductors) and lack of infrastructure for renewable
energy use will cause serious power disruptions
exacerbated by premature closing down of fossil fuel
resources. Presently the world is still highly dependent
on fossil natural gas, supposedly a temporary measure
in the transition to a totally renewable energy sources
such as direct or indirect solar power. Geopolitics has
taken center stage causing disruptions as sanctions
against oil and gas imports from some countries have
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been introduced, forcing the use of higher priced
alternative supplies. Prices of crude and biofuels will
remain elevated under these circumstances even as
increasing energy demand is already in mismatch with
curtailed supplies due to ESG requirements [Choo;
Tamahrajah et al; Chowdhury & Sundaram]. The foodfuel debate will resurface as ambitious mandates could
be relaxed to alleviate vegetable oil supply shortages
[Choo; Sia et al].

ASSET DEFLATION AND UNCERTAIN ECONOMIC TIMES
The present correction in financial markets seems
overdue because QE had over-inflated stock and
other asset prices while interest rates were essentially
in negative territory previously, festering speculation
and misallocation of funds. The US FED is considered
“behind the curve” in curbing inflation with just 0.75%
rate increase to tame runaway inflation even as the lowincome groups were already suffering from high prices
of food and transportation, and now also inclusive
of housing for the average consumer. Correction of
housing asset prices will be painful for the middle
class but the decimation of cryptocurrencies and
non-fungible tokens (NFTs) will likely be perceived as
“greater-fool” Ponzi schemes dropping back to earth.
Second thoughts on the digital age have surfaced
as humanity is facing a loss of precious time, not just
money, as digital media addictively captures and
wastes people’s times in the pursuit of too many
unproductive activities. While the Fed may not be
relied upon to remedy inflation, falling asset prices
mean inflation could naturally dip, evolving as high
prices cure high prices. Meanwhile the US$ remains
relatively safe as a reserve currency even as the high
indebtedness of the US means the FED has to “inflate
or die” as the total debt will be too big to service.
The continuing deflations of over-valued assets will
create uncertainties due to highly leveraged financial
interconnections apart from emotional effects of
loss of wealth. The on-going wealth destruction in
markets is compared to the beginnings of the worst
financial crash in world history (1929) although the
2000 dotcom, 2008 GFC, 2020 Covid-19 downturns
were reduced to market corrections, alleviated by
the FED’s QE-money printings. The world awaits with
bated breath to see if the Fed can engineer another
soft landing as there seems to be no widespread panic
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while most of the developed world anticipate and
prepare for stagflation. A glimmer of hope comes from
China as improving economic growth is considered
more important than reigning in the power of
technological and property giants. The Covid-19
pandemic, climate extremes and trade sanctions
show the world can face many WMDs [Chowdhury
& Sundaram; Tamahrajah et al] and will need urgent
international cooperative and collaborative efforts
for peaceful solutions, otherwise human sufferings
will continue to increase. It is imperative that the
existential threat to existence must not be heightened
by anthropogenic design. Demographics, finite world
resources, global inequalities and finding climate
solutions are complex and almost insurmountable
issues needing new humanistic soul-searching and
rational geopolitical understandings. Even while
dire warnings and predictions of imminent food and
energy crises [Cheng & Goh] in the optimistic euphoria
for a green world with complete decarbonisation with
renewable energies and biofuels, if and when the
whole world goes dark and all transportation comes
to a standstill, there will be residual forms of energy
left for humanity to communicate and realize the
existential threat and an extinction moment and all
will act rationally in unity in a rare spirit of cooperation
with an outburst of physical and spiritual awakening
for the survival of the species.

DIGITAL SHIFT
Post pandemic, a digital shift has overwhelmed the
world in that the way we work and live have changed
forever. The flexibility to work-at-home or office or
anywhere is a paradigm shift in personal and industry
norms. IR4.0 has become an industry standard [Tey
et al] and has also reached the smallholders [Teoh et
al]. Increased operational efficiencies are obvious all
round but innovations and new technologies will
need the usual learning curves apart from original
creative inputs. Agriculture, especially the oil and
fats sector, needs the final transformation to the new
digital economy governed by ESG and climate and
empowered by renewable energy and further enabled
by mechanization, sensors, robotics and AI. The holy
grail has been envisioned for hard and tedious fruit
harvesting and transportation to be done by solarpowered machines and controlled by hand-held smart
devices operated by skilled human workers.
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OILS AND FATS 2020: PERFECT
STORM AND RECORD PRICES
Ivy Ng

James Fry

Introduction

Outlook for Global Vegetable Oils

Since the great financial crisis of 2008, central banks
worldwide have provided extensive liquidity by QE
and recession has been avoided and allowed prices
of stocks, most assets and commodities were well
supported. When the Covid-19 pandemic struck,
QE was used effectively to allow one of the fastest
recovery of markets which moved to achieve record
prices. It was climate change – climate extremes of
drought or precipitation – that began to seriously
affect food production which had been booming
from continuing advances in agriculture. El Nino (2016)
drought caused serious forest fires which affected
the oil palm estates and similarly Australia agriculture
suffered from extensive bush fires in 2019. Extreme
weather conditions were seen more frequently all over
the world disrupting agricultural activity.

Ivy Ng described the perfect storm for vegetable oils
demand due to the confluence of several disastrous
events [Ng, 2022]. The Covid-19 pandemic and US deglobalisation policy had already disrupted movement
of goods and for palm oil, plantations were seriously
deprived of guest workers exacerbated by sudden
geopolitical policy decisions (new levies/tariffs,
mandates and irrational ESG regulations), UkraineRussia war and trade sanctions. The war and sanctions
had the most serious consequences to affect oils and
fats supplies as supplies of sunflower oil and fertilizers
from the warring countries were crucially cut off.
Ukraine and Russia supplies 12% sunflower oil (Fig. 1)
of total global exports (the Black Sea region accounts
for 77% of global exports) and the sudden loss of this
segment causes price spikes for other oils needed
for substitution. Palm oil which is highly functional
for convenient substitution saw a great demand and
hence record prices (Fig. 2).

Abbreviations. CNO = coconut oil; CPO = crude palm oil; DMO
= Domestic Market Obligation, exporters are required to reserve
30% for the local cooking oil market but this was replaced
by higher export levy for domestic subsidies, temporary ban
on exports was also imposed for a short perciod; GFC = great
financial crisis of 2008; KLK = Kuala Lumpur Kepong; mil = million;
MT = metric tonne; PKO= palm kernel oil; PO = palm oil CPO; Q =
quarter; QE = quantitative easing or money printing; UP = United
Plantations; yoy = year on year

James Fry drew attention to the strong relationship
between vege-oils and petroleum due to biofuels and
the present increasing demand is more pronounced
for oils and gas [Fry, 2022]. Historically, great power
rivalry has always been centered on exploitation
of valuable natural resources especially in energy.
Petroleum supplies have already suffered from a
“fracking oil” crash, only to lead to rising demand (even
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in a supposedly climate-conscious era). Soaring prices
as seen presently are mainly exacerbated by US as well
as EU sanctions against Russian energy. Sanctions of
an important source for energy is very destructive and
will send oil and gas prices to new records which will

have serious implications on the present scourge of
inflation. Humanity now has to face multiple threats
for survival: food security, energy shortage, climate
change, migration/social unrest and war.

Figure 1. Distribution of world vegetable oil export origins [Fry, 2022]

Food and Vegetable Oil Crisis
There is an overall critical shortage of food and
vegetable oils globally for 2022. Drought from climate
change has caused poor and even disastrous harvests
in food basket regions of the world. Shortage and
soaring prices of vegetable oils badly affect many
nations as the oils are widely used for cooking as
well as essential ingredients in all types of food and
confectionary products. Social unrest in Indonesia,
world’s biggest producer of palm oil, caused the
government to introduce unusual and unsustainable
measures (control and temporary ban on exports).
Canada after being hit by severe drought had to
partially import canola to support local demand. As
described earlier, sunflower oil supply had suffered the
worst-ever supply disruption from Ukraine war and
sanctions against Baltic exports. Manufacturers have
to turn to the most substitutable palm oil and some
regretted that they had misused “no-palm oil” policies
selfishly exploiting disinformation about deforestation
and forced labour practices. Soyoil from S. American
countries and even the US also fared poorly from

2

droughts and production will be anaemic. Other major
exporters from Europe and Malaysia will not provide
sufficient oil to meet the shortfall while the biodiesel
mandates are forecast to remain the same as 2021
(~48mil tonnes). Together with the shortfall of other
foods, famine and starvation are forecast for up to 100
million poor people in late 2022.

Palm Oil
Insights into soaring CPO prices over the years were
reviewed by Ivy Ng (CGS-CIMB) for the years 2001-2022
(Fig. 1). Bull and bear periods are indicated as due to
many varied factors occurring over the years.
Presently the confluence of events (“perfect storm”)
has been glaringly obvious for some time: the Covid-19
pandemic had caused serious manpower shortage
in plantations (travel/social restrictions, delays from
bureaucracy of governments, etc); delayed movement
of goods; low expansion of new plantings or switch to
other crops due to a period of low prices and the intense
bad media against oil palm; increased biodiesel use by
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Indonesia; and inflationary prices of many necessities
as a response to devaluation of money by central
banks. The final trigger for spike of prices has been the
Ukraine-Russia war and the US sanctions which had
cut off supplies of sunflower oil from the Baltic region.
Muddled policy decisions (DMO, temporary export
ban, etc) by Indonesia in trying to keep affordable
palm oil for the domestic consumers have only caused
greater volatility.

Rising inflation and cost of labour in addition to
high prices of fertilizers have increased the cost of
production (2021) to average RM2,268. The serious
shortage of labour was a big constraint to CPO yield
averaging at only ~3.1 tonnes/ha. RSPO leaders do
well, UP manages 6.29 and KLK 4.66 tonnes/ha.
With the exceptions of better-managed plantations,
generally other estates benefitted minimally as a lot of
fruits were not harvested. CPO prices are summarized
by Ivy Ng in Table 1.

Figure 2. Historical prices of palm oil (2001 – 2022) and influencing events

Table 1. Forecast prices for palm oil in 2022
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Forecast of Palm Oil Prices
Early 2022 has seen prices of all oils and fats spiking to
record levels as described above (Table 1). A lofty mean
of almost RM6,000 has been the forecast in March
2022 by nine experts. For the second half of 2022,
prices are expected to weaken to RM4,000 according
to Dorab Mistry [Mistry, 2022]. The forecast is based on
the following assumptions:
a) Indonesian CPO production to increase by 3 mil
mt to nearly 50.0 mil mt in 2022 on the back of
favourable climatic conditions in the 18 months.
b) Despite the labour crunch, Malaysia’s output
expected to reach 19.0 mil MT, compared to only
18.1 mil MT in 2021.

Dorab Mistry

c)

Black Sea tensions to ease on the assumption
that the Russia-Ukraine conflict does not prolong
beyond end-September this year. This will facilitate
the return of sunflower seed oil to the global
market.

d) The current high edible oil prices have resulted in
demand destruction, particularly in the developing
world. Global usage estimated to reduce by 2 mil
MT this year.
e) The global oilseeds and vegetable oil tightness will
only see a more balanced demand-supply scenario
if South America is able to deliver bumper crops in
the coming 2022/23 season.

M.R. Chandran

The following additional commentary is provided by
M.R. Chandran:

yields, in the current spring planting season of the
Northern Hemisphere.

a) CPO price is not sustainable at RM6,000+ per
MT and should fall to RM5,000/MT in 2nd half2022 on account of improving supply of palm oil
and oilseeds in the absence of adverse weather
conditions. Average price for this year at RM5500
per tonne.

e) Indonesia will lead the production recovery this
year, and help improve the stock-to-usage ratio of
palm oil, and 8 major oils in 2021/22F (based on Oil
World’s projection);

b) Indonesia’s palm oil output likely to peak in 20222023 season given the lack of new plantings in the
past 8 years, as evidenced by the dwindling annual
seed sales by major seed producers. This means
firm remunerative palm oil prices of going forward.
Unlikely to revisit the MR2,000 per MT levels.
c) La Nina has again been a key driver in the recent
global food inflation while Russia- Ukraine conflict
and Indonesia’s recent protectionist measures
added fuel to the rally.
d) With La Nina expected to end soon (i.e. turning
ENSO-Neutral), supply of oilseeds is expected to
improve, thus pressuring prices with improving

4

f) India’s Kharif crop may be hurt by upcoming
negative IOD phase, which is the next major
weather event to watch out for. This may spur
India to import more. As for China, demand to
stay relatively flat this year due to low average
pork prices, thus keeping China’s soybean demand
similar to previous year.
According to J. Fry, the biodiesel-crude price band has
been followed for a long time. Brent prices of $137/
bbl (the high early March 2022) would set a CPO floor
(where CPO prices equal Brent) at $1,000/tonne. EU
has just committed to sanction Russian oil (June 16
2022), new inflation-induced price records of $200/
bbl will become possible, hence a peak of $1,460/MT
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(~RM6,280) could be realized again.
CPO prices have corrected to RM4,500 by end of June
2022 [Mielke, 2022].

at $1,600-2,800 (avg $2150);
CNO to range at $1,7502,400 (avg $2050 and PO
futures to range at $4,0009,000 (avg $5,140).

Key messages arising from the Q&A session
[Mistry, 2022]
a) Fertiliser sales estimated to be lower by 33% yoy, as
small growers and smallholders have cut back by
50% their scheduled fertiliser application rates.

H. Sauthoff

Some plantation companies have reduced their
rates by 10%.
b) In spite of US soybean planting is only 78%
completed as of early-June this year, the Northern
hemisphere has had good rainfall thus far, which is
favourable for current grains and oilseed planting
season. However, there is the need to watch out
for rainfall in August, which is the key determining
factor for output.
c) No reduction in the US biodiesel mandate, partly
due to US President’s priority to adhere to his Green
policy. At the same time US will not increase the
mandate in order to keep food inflation in check.
d) If Russia-Ukraine war extends beyond 90 days,
demand will worsen, as prices will continue to
remain high.
e) The shortage of edible oils in EU is not as severe as
market expected, because Ukraine is able to export
sunflower seeds via land transport. EU also imports
more palm oil for the transportation and energy
sectors.
f) The expected interest rate hike and the US Fed
trimming its balance sheet will reduce liquidity in
the market.

Figure 3. Prices of CNO, PKO and PO in 2021-2022

References
Ellard N (2022) Oleochemicals 2021-2022 “It was the best
of times and the worst of times” BMD Price Outlook
Conference, 8-9 March 2022, Kuala Lumpur.
Fry J (2022) Indonesia and OPEC: Similarities and
Differences. What will be the impact of Russia’s war on
Ukraine? BMD Price Outlook Conference, 8-9 March 2022,
Kuala Lumpur.
Mielke T (2022) Global Supply, Demand and Price Outlook
of Palm Oil and Other Veg Oils, UOB Kay Hian Webinar, 27
June 2022.
Mistry D (2022) Palm Oil Outlook, UOB Kay Hian Webinar,
6th June 2022, Kuala Lumpur.

Lauric Oils
Lauric oil prices also achieved historical highs in early
2022. More reliably available PKO was at a premium
over CNO (Fig. 3). Supply/demand will only get more
balanced later and prices shall remain very high for
some time into Q2. Later in the year softening in prices
may be expected as supply and demand stabilize
[Sauthoff, 2022]. PKO price is forecast to range widely

Ng I (2022) Palm Oil Outlook, UOB Kay Hian Webinar, 6th
June 2022, Kuala Lumpur.
Sauthoff H (2022) Lauric Oils – Market Review and
Outlook. BMD Price Outlook Conference, 8-9 March 2022,
Kuala Lumpur.
Reported by M.R. Chandran & S.H. Goh of MOSTA

Malaysian Oil Science and Technology 2022 Vol. 31 No. 1 • Copyright MOSTA

5

CLIMATE CHANGE AND THE OIL PALM
INDUSTRY: MECHANISMS TO ACHIEVE
NET NEGATIVE CARBON TARGETS

J. Tamahrajah, M.V. Chiriaco, Mohd Shiraz A., Amir Afham A., Rahyid Redza A., and V. Subramaniam

Introduction
The importance of sustainability has been imperative
for decades in the oil palm industry, with the recent
COP26 further catalyzing the move towards sustainable
methods, even achieving net negative emissions,
namely sequestration targets.
Gone are the days that we are intimidated easily by
criticism, now demanding fortifying facts to prove
allegations blanketed upon the oil palm industry, such
as alleged air pollution, negative health implications,
deforestation and high GHG emissions from oil palm
concessions. The curtains were unveiled at Climate
Change Webinar organized by the Malaysian Oil
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Scientists’ and Technologists’ Association (MOSTA)
with Oil Palm experts introducing efforts not only to
achieve a net-zero target, but even a step further to a
potential net negative (sequestration) scenario.
The Climate Change Webinar is the first organized by
MOSTA, received great interest by participant ranging
from Southeast Asia to North America. The curtains
were unveiled when Ir. Qua Kiat Seng introduced
Academician Tan Sri Emeritus Professor Datuk Dr
Augustine Ong Soon Hock to give his opening speech.
Indeed, his encouragement has paved the way
for the Webinar and Sustainability within the Oil
Palm Industry.
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Figure 1. IPCC projections of carbon emissions to year 2100: The carbon emissions required to adhere
to the Paris Agreement target of temperature under 2oC is also shown

Ir. Qua went on to handover the Webinar to the
moderator Dr. Jaybalan Tamahrajah. Dr. Tamahrajah
opened his speech with the emphasis on circular
economy that industries are keen to implement,
as it encompasses sustainable production in terms
of economic, environmental and social stability.
He further mentioned that the Oil Palm Industry is
moving towards net zero carbon emissions swiftly,
by implementation of sustainable technologies and
practices within the oil palm supply chain.

A European perspective and its ramifications
Dr. Tamahrajah introduced the first speaker, Dr. Maria
Vincenza Chiriacó, who was unfortunately down with
an illness. He presented Dr. Maria’s slides. As illustrated
in Fig. 1 on the estimated carbon emissions, projected
to the year 2100, Malaysia is committed to become a
carbon-neutral nation by as early as 2050 and plans
to reduce the intensity of greenhouse gas (GHG)
emissions by 45% in 2030 with respect to 2005 GHG
emissions.
It was evident that the “business as usual” case would
not help in limiting the global temperature increase of

2°C above pre-industrial levels and net zero emissions
are certainly required to attain global warming targets
of 2°C and 1.5°C respectively, with the projection
estimating this to be achieved by 2050 at the earliest.
Dr. Maria presented two solutions in the context of
food production inclusive of vegetable oils production,
contributing from 23% to 42% of greenhouse gas
(GHG) emissions.
The solutions are to either replace oil palm production
with a more sustainable oil production or the oil palm
concessions are to produce crude palm oil (CPO) in a
sustainable manner. The presentation also showed
that sustainable CPO production emitted the lowest
carbon emissions at 0.49t CO2eq/t oil compared to
other vegetable oils production, with the lowest
amount of land used for each ton of CPO produced.
When accounting deforestation, palm oil production
fares well with other vegetable crops.
It was evident that no other vegetable oil producing
crops are as sustainable as palm oil. The solution of
palm oil to be produced sustainably to meet lower
GHG emission standards (below a ton of CO2eq/t oil)
seems to stand out in Dr. Maria’s presentation (see
Fig, 2).
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Figure 2. A presentation slide by Dr. Maria illustrating the GHG emissions per tonne of
different vegetable oils production

MPOB Opinionates Great Value in Biomass
Dr. Tamahrajah invited the Leader of the Biorefinery
and Environment Research Group under the Energy
and Environment Research Unit of MPOB, Dr. Vijaya
Subramaniam. She presented her stance on current
practices in the Oil Palm Industry towards reducing
GHG emissions with the approach to Circular Economy.
According to Dr. Vijaya, climate change and water
scarcity are the main issues affecting the global
population, mainly due to anthropogenic activities.
She has published various articles in academic journals
to identify and address carbon and water footprints
within the oil palm value chain. Dr. Vijaya rightfully
pointed out that global GHG reduction requires a
concerted effort in all human activities. She further
mentioned that focusing on a specific industry, such
as the oil palm industry into reducing GHG emissions
would not provide a long-term solution of achieving
reduced GHG emissions, not to mention the final netzero carbon target. She provided consistent statistics
to that of Dr. Maria, essentially showing palm oil
having the highest yield per ha of arable land. Dr.
Vijaya presented the utilization of oil palm biomass,
estimated at 80 million tons yearly, as a source of fuel
and derivation to valuable products. The use of oil
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palm trunks (OPT) for mulching, decanter and palm
kernel cakes as animal feed are inducing circular
economy and waste valorization.
Apart from approach to circular economy practices,
good agricultural practices (GAP) were part of Dr.
Vijaya’s strategy towards reduction of GHG emissions.
The reduction of synthetic fertilizer use, increase of
carbon stocks in the plantation by recycling of biomass
given their value as fertilizers, increase of soil carbon in
replanting, and integrated pest management were all
essential to reduce carbon emissions. The reasonable
fuel properties of palm biomass constituents, ranging
from pressed mesocarp fiber (PMF), empty fruit
bunches (EFB), oil palm fronds (OPF), palm kernel shells
(PKS) and palm oil mill effluents (POME) is a vital part of
sustainable energy generation in palm oil mills.
The premise of GHG savings advocated by Dr. Vijaya
is predominantly focused on substitutes of chemical
fertilizers and fossil fuels used in plantations and
palm oil mill boilers respectively. Dr. Vijaya presented
savings of 0.003 kg CO22eq/kg EFB by displacing
chemical fertilizers with EFB for mulching. She also
explained the savings of 1.53 CO2eq/kg PMF and 2.24
kg CO2eq/kg PKS respectively by replacing fossil fuel
for energy generation in boilers. EFB saves 1.06 kg
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CO2eq/kg EFB in that respect. Dr. Vijaya provided
insightful data on biogas generation from POME,
with 0.65 m3 POME produced for each ton of fresh
fruit bunch (FFB) processed, giving an average of 65%
methane (CH4) and the rest accounting for carbon
dioxide (CO2). With each ton of POME containing up
to 38m3 of biogas, 14.8 kg CO2eq/kg biogas is saved

by displacing fossil fuel in the boiler and capturing
methane to reduce its global warming potential of 25
to 28 times to that of CO2. The potential of the oil palm
concessions, including the palm oil mill, to be a net
sequester of carbon emissions of up to 2000 kg CO2eq/
ton CPO was particularly vested in interest (see Fig. 3).

Figure 3. A presentation slide shown by MPOB for possible net negative (sequestration) of
sustainable palm oil production

RSPO Provides Convincing Numbers of
Sustainability
Mr. Amir Afham Abdullah of the Roundtable for
Sustainable Palm Oil (RSPO) started off with impressive
global impacts of the RSPO on achieving standards
of sustainable palm oil. RSPO currently has over 5200
members in 98 countries with over 18 million tons
of sustainable palm oil from 4.5 million hectares of
certified area. Currently 19% of the global palm oil
produced is RSPO certified. The various available
Standards of RSPO which permits certification with
the body is the Principles and Criteria Standards 2018
(P&C 2018), available for large scale and medium scale
oil palm growers, however also providing traction for
smallholders. The standard exclusive to smallholders
is the Independent Smallholders Standard 2019 (ISS
2019). The Supply Chain Standard 2020 (SCS 2020)

accounts for maintaining sustainable methods and
traceability across the whole supply chain within
the oil palm industry. Particularly of interest in P&C
2018 is the principle 7.10.1(C) and 7.10.2(C), outlining
the identification, quantification, monitoring and
reporting of GHG emissions for existing plantations
and new low carbon developments. These are made
possible with the RSPO by monitoring practices of oil
palm companies. Rigorous calculation methods of the
PalmGHG Calculator, with verified data used as default
values, are utilized to report GHG emissions. This is done
via an application provided by the RSPO to its members
with possibility of guest-mode at the convenience of a
mobile phone. Palm oil mills and oil palm plantations
claiming to perform better are subject to an RSPOaudit for verification, demonstrating a higher quality
than registered by RSPO standards. Land use change
(LUC) emissions, with the data of Henson being key
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to the results of carbon emissions was explained. Peat
oxidation emissions depending mainly on the water
level to soil surface was shown. POME emissions,
detailing emissions calculations for open ponds,
flaring and electricity generation by verified factors of
methane-to-POME ratio was particularly interesting.
Mr. Amir went on to illustrate the emissions of existing
Malaysian operations, having an emission intensity

of 0.8 to 1.9 t CO2eq/t CPO, with high range outliers
(6.6 t CO2eq/t CPO) attributing to peat land emissions,
and low range outliers (near net zero) attributing to
methane capture and biogas utilization. The values
of 0.8 tCO2eq/t CPO are consistent with the values
mentioned by MPOB’s Dr. Vijaya Subramaniam (see
Fig. 4).

Figure 4. Emissions from palm oil production by various oil palm companies in Malaysia (2018)

The RSPO suggested some recommendations for
strategizing the emissions reduction plans after
identifying the emissions sources and sinks. Such
plans would initially include reduction of fertilizer
and electricity consumption which utilizes the least
resources to implement, not to mention the reduction
in operational costs. Secondly, the RSPO suggests
devising operating procedures which catalyzes
the effects towards higher yield and oil extraction
rates (OER). This would hence dilute the emissions
with higher CPO produced. The final solution by the
RSPO would be turning to sustainable technologies
to further reduce carbon emissions, such as biogas
capture and utilization for energy generation.

conservation value (HCV) and high carbon stock (HCS)
area and over 7500 hectares are identified as peat land.
These areas are currently under conservation. RSPO
estimates this exercise to have GHG emissions savings
amounting to 700,000 t CO2eq/year from conservation
of HCV and HCS areas, 652,000 t CO2eq/year from LUC
avoidance and 480,000t CO2eq/year saved from peat
oxidation and nitrous oxide (N2O) emissions. These
impressive achievements by RSPO members pushed
the organization to recommend the avoidance of
HCV, HCS and peat land areas for oil palm planting
and to accommodate with replanting on existing
agricultural land.

RSPO necessitates its members to undergo a new
screening procedure. These are assessments deduced
for new development plans to be submitted to
RSPO before cultivation of the land. From the 66
submissions and around 378,000 hectares that have
been assessed, 75,000 hectares are identified as high

The Heavyweights of the Oil Palm Industry Chime In
– Sime Darby
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Presentation further came from Oil Palm corporate
heavyweight Sime Darby, with Mr. Rashid Redza
leading the way as Head of Group Sustainability
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and Principal Sustainability Officer of Sime Darby
Plantation. Mr. Rashid emphasized that Sime Darby is
the largest producer of sustainable palm oil globally, inline with the United Nations Sustainable Development
Goals (SDG). Sime Darby has its upstream operations
mainly in Malaysia, Indonesia, Papua New Guinea and
Solomon Islands and downstream operations across
the globe.
Sime Darby has been monitoring its GHG emissions
since 2012 and has accounted for each of its
emissions from the plantation to the mill. Sime Darby
demonstrated its emissions to POME at 69%, boilers at
13% and fertilizers at 7.1%, totaling to 2 million t CO2eq
emitted, excluding LUC. The sustainability team at Sime
Darby identified POME as being the largest contributor
to GHG emissions, consistent with the findings of RSPO.
Sime Darby is at the forefront of handling its GHG
emissions, as they are looking at reducing their carbon
equivalent emissions by 40% by 2030. This target is
very much possible given the various available biogas
capture and utilization technologies, efficient methods
of improving operational efficiencies and utilization of
photovoltaics to harvest solar energy. The group has
impressive traceability feedstock accounts of its global
supply chain as well, with 96.7% and 64.3 % traceable
to the mill and plantation respectively.
Mr. Rashid mentioned that Sime Darby Group’s
emphasis on new development contributes less
significance than its focus on improving yield at the Oil
Palm Plantations and Palm Oil Mills. Sime Darby also

practices Nature Based Solutions (NBS) of reforestation
and conservation of existing forest areas, contributing
to CO2 sequestration and GHG emissions reduction.
Sime Darby reported HCV and Conservation Set
Asides (CSA) of more than 46,000 hectares. A simple
consideration from the RSPO reported value of
75,000 hectares of HCV and HCS indicates that Sime
Darby accounts for more than 60% of the RSPO’s
reported HCV and HCS areas. Responsible sourcing
of feedstocks is already embedded within the Sime
Darby sustainability goals, with full transparency and
traceability. This ensures feedstocks are from sources
with no deforestation and none are acquired from peat
plantations, taking satellite technologies to support
the claims by suppliers and traders upstream (see
Fig. 5). Sime Darby resolves any conflict by working
together with suppliers by means of reforestation or
totally removing the suppliers from their sourcing
list if they fail to comply. The traceability data of Sime
Darby are made publicly available via the Crosscheck
online platform.
The adaptation and mitigation to material climate
risks is done progressively in cooperation with
Sime Darby’s own research and development team,
especially regarding the risk of climate change to its
palm oil concessions. These are the time-dependent
rise in sea levels, increased droughts and changing
weather patterns. Sime Darby also focuses on climate
governance by continuously establishing operational
procedures parallel to available sustainability
standards.

Figure 5. The satellite imagery of a palm oil concession showing a time-dependent deforestation land
for oil palm cultivation
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The utilization of renewable energies, installation of
biogas plants and bringing palm biomass to product
relevancy is an impressive showcase of Sime Darby
striking a balance of environmental, social and
economic responsibility.
These efforts of Sime Darby were extended by its Head
of Processing Technology, Ir. Dr. Mohd Shiraz Aris. He
presented Sime Darby’s stance on bio-circular economy
in its palm oil mills. He emphasized the implementation
of the funnel system of bio-circularity for by-products
by preventing, reusing, recycling, recovery with
utilization of energy and minimization of disposal. The
concept of bio-circularity stemmed on the premise
of the quantitative apprehension of Sime Darby’s
operations to the balance of economic, environmental
and social stability. Ir. Dr. Shiraz continued the emphasis
on waste valorization, carbon sequestration and palm
biomass as an alternative to fossil fuel for heat and
electricity generation in the context of bio-circular
economy. Although attractive to address sustainability
issues, he informed the panelists and participants on
the high cost of investments for these technologies.
Some of these technologies include flue gas emissions
sequestration via algae farming, zero discharge

technologies of mill and refinery effluents, biomass
valorization, implementation of virtual operation in
mills and refineries with upgrading of talents towards
Industrial Revolution 4.0 (IR 4.0) and mechanization in
the upstream side of plantations. Ir. Dr. Shiraz presented
a comprehensive flow chart of the current situation of
biogas utilization from POME and biomass utilization
at the plantation after composting, together with the
utilization of PMF and PKS, in boilers. He also showed
Sime Darby’s exploration to use treated water from
its effluents by means of electro-oxidation as boiler
make-up water for steam generation in its boilers.
The flue gas exiting the boilers after steam generation
are explored for CO2 sequestration by algae farming.
Furthermore, the conversion of POME, pre-treated
EFB and OPT into bioplastics, bioethanol and biohydrogen via fermentation are being investigated.
Mechanized techniques for harvesting and rodent
control, installation of renewable energy systems for
increased sales, drone technology for fertilizer spraying
is also on Sime Darby’s sustainability list. The circularity
of biofuels is achieved by converting sludge oil from
mills into biodiesel, where emissions are considered to
be sequestered by the plantation (see Fig. 6).

Figure 6. A comprehensive chart of Sime Darby’s bio-circular economy at the palm oil mill
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Panel Discussion
Intriguing discussions came about during the panel
discussion with interesting questions from the audience.
Dr. Maria replied to one question on the possible
achievement of net zero by the oil palm industry. She
stated the possibility of net zero carbon emissions
with extended efforts by the industry, catalyzing
government policies and rigorous implementation of
standards such as the RSPO and Malaysian Sustainable
Palm Oil (MSPO). Dr. Vijaya emphasized the oil palm
plantation and mills can be net CO2 sequesters, given
the full potential of GHG savings provided by biomass
and yield improvement, being at the disposal of the
plantation and mill. Mr. Amir Afham gave further
inputs that its members, consisting of oil palm growers
and mill owners are entitled to provide their own GHG
calculation methods and life cycle assessment (LCA)
studies at the discretion of the RSPO for audit and
approval. He further re-iterated that the sales of PKS
and EFB are entitled to reduced GHG emissions and
RSPO does not allocate carbon credit for its members.
Questions to Mr. Rashid Redza targeted on the
harvesting of solar energy, with audience devising
questions towards allocation of land for solar panels
in the space of oil palms for food production. Mr.
Rashid mentioned that only lands of lower CPO yield
are considered for solar panel installations. Batteries
required to level intermittent solar availability for
continuous generation of electricity is perhaps only
viable with sustainable production of batteries at
reasonable cost, he added.
Ir. Dr. Shiraz Aris mentioned that less significant efforts
of circular economy are translated to the smallholders
in mid-stream or palm oil mill sections. However,
efforts are focussed upstream on digitization and
mechanization. He further deciphered a question
concerning the sustainability of new processes
introduced. He conveyed that the processes and
technologies introduced by Sime Darby along the midstream supply chain indeed have effects of reducing
GHG emissions after consideration of emissions by
each introduced process units. He mentioned that
biogas utilization from POME is a particularly promising
technology for GHG emissions reduction.

Mr. Amir Afham explains of no threshold value for GHG
emissions available but there exists reduction targets
and deadlines, either by considering the general
target made available by the government or external
commitments by Science Based Target Initiatives
(SBTi). The Malaysian government pledged a reduction
in carbon emissions of 45% by 2030 and achieving net
zero by 2050. He also further explained the formulae of
LUC and methane emissions by electricity generation
upon questioning. Any adjustment to the default
values made are subject to audit at the premises of
the respective RSPO member to validate the claims of
improved emission values. Mr. Amir Afham believes
that the renewable carbon tax implementation in the
12th Malaysia Plan (2021-2025) is indeed a driving force
to push the Oil Palm Industry towards more sustainable
solutions, however remained conservative of the
seamless implementation backed by the industry.

Conclusion
The alleged high emissions related to crude palm oil
(CPO) production by oil palm concessions and the
need to find for a more sustainable crop-based oil
were debunked by the unbiased findings of the EuroMediterranean Centre for Climate Change (CMCC)
based in Italy. Findings based on sound literature values
were simulated and showed that sustainable palm oil
provided the lowest GHG emissions compared to other
main vegetable crop-based oils, with sustainability
defined to be continuous efforts of good agricultural
practice (GAP), no deforestation and avoiding land use
change (LUC).
These are made possible with bodies such as the
Roundtable for Sustainable Palm Oil (RSPO) by
monitoring practices of oil palm companies. Rigorous
calculation methods, embedded with peer-reviewed
data as default values, are used to report greenhouse
gas (GHG) emissions. This is done via an App provided
by the RSPO to its members with possibility of usage in
guest mode. Audits are done under the condition that
oil palm concessions claim to be better than the RSPObased calculated values.
The Malaysian Palm Oil Board (MPOB) emphasized
that the current state of affairs in oil palm plantations
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and palm oil mills are contributing to reduction in
GHG emissions, with agricultural practices such as
mulching and biomass application for steam and
electricity generation being main contributors to
emission savings. The MPOB went on to mention
that a possibility of a net negative emission, namely
sequestration is possible if the extent of these
mechanisms is maximized, partly due to biomass
utilization.
Corporate giants following the guidelines of the RSPO
and pathways laid out by MPOB are rewarded with low
GHG emissions results relative to their CPO production
amount, balancing socio-economic development of
smallholders and long-term financial stability. Apart
from the use of biomass and POME-based biogas
for energy, solar radiation harvested by means of
photovoltaics are installed to generate electricity.
These are either to be fed to the electricity grid or
used in offices at remote plantation and mill sites.
Continuous solar energy use in palm oil mills require
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large capacities of battery storage and hence are not
considered sustainable. Further carbon sequestration
ideas by algae farming in batch reactors with
CO2 -filled flue gas bubbling through the reactors for
photosynthesis are commendable. Virtual palm oil
mills (IR 4.0), conducted in pilot scale are considered
to be a success, given that data acquisition to a server
is seamless. Process algorithms for data crunching and
providing feasible solutions as feedback to the plant
for process control is functioning to the extent that
both remediation of process parameter deviation at
the processing unit and downstream is a possibility.
Ir. Qua Kiat Seng, Senior Lecturer at Monash University
Malaysia and Council Member of MOSTA, who brought
together the experts for this webinar said, “It is very
encouraging to see that many Oil Palm Industry
players are measuring their GHG emissions, A leading
plantation house is reporting 1.04 tCO2eq /ton CPO with
many initiatives in the pipeline as it strives to achieve
net zero carbon emissions.
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GREEN AND RENEWABLE AVIATION
TURBINE BIOFUELS: DROP-IN HVO
BIOFUELS
Choo Yuen May,
MOSTA

Introduction
Aviation Industry is fast growing and provides 57
million jobs and USD2.2 trillion in global gross domestic
product (GDP) [Doliente et al., 2020]. The latest update
by the International Air Transport Association (IATA)’s
20-Year Air Passenger Forecast anticipates a 3.5%
compound annual growth rate (CAGR), leading to a
doubling in passenger numbers from today’s levels.
The association also revealed that with the present
trends in air transport, the passenger numbers could
double to 8.2 billion in 2037. The Asia-Pacific region

will drive the biggest growth with more than half the
total number of new passengers over the next two
decades coming from these markets. The green-house
gas (GHG) emissions from air transports are projected
to reach a massive 3.1 billion tons of CO2 by 2050 which
is 4 times greater than the 2015 baseline value of 0.78
billion tons; such quantities exceed the emissions of
top emitter countries such as UK. There are limited
sustainable options for a sustainable solution for the
aviation industry’s GHG emissions reduction set at the
ambitious target at 50% less than the 2005 baseline
[Edmond, 2019] (Fig. 1).

Figure 1. Mitigation measures for GHG emissions from air travel – projections to 2050 [Edmond, 2019]
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Abbreviations. CAGR = compound annual growth rate; CDM =
Clean Development Mechanism; CO2 = carbon dioxide; CPO =
crude palm oil; CSPO = Center for Sustainable Palm Oil Studies;
GDP = Gross domestic product; ESG = Environmental, Social, and
Governance; EV = electric vehicle; FAME = fatty acid methyl esters;
GHG = green house gases; HVO = hydrotreated vegetable oils; IATA
= International Air Transport Association; ICAO = International
Civil Association Organisation; ILUC = Indirect Land Use Change;
ISPO = Indonesian Sustainable Palm Oil; MPOB = Malaysian Palm
Oil Board; MSPO = Malaysian Sustainable Palm Oil; MT = metric
tonne; POME = palm oil mill effluent; PORIM = PPalm Oil Research
Institute of Malaysia; RSPO = Roundtable on Sustainable Palm Oil;
SAF = sustainable aviation fuels; UCO = used cooking oil; UOP =
Universal Oil Products.

In 2019, some 95 billion gallons of aviation fuel were
consumed by commercial airlines for domestic and
international flights worldwide. Aviation fuels are
a complex mixture of hydrocarbons derived from
conventional sources including crude oil, natural gas,
liquid condensates, heavy oil, shale oil and oil sands.
They remained as the ONLY fuels to power aircraft
for a long time until recently synthetic components
(aviation biofuels) derived from non-petroleum
sources such as vegetable oils, animal fats, used
frying oils are permitted with conditions. In fact, after
a multi-year technical review from aircraft makers,
engine manufacturers and oil companies, aviation
biofuels were approved for commercial use only
in July 2011. Aviation biofuel is now well accepted
by aircraft manufacturers such as Airbus, Boeing,
Bombardier, etc. and engine manufacturers including
CFM, General Electric, Pratt & Whitney, Rolls Royce etc.
Indeed, aviation biofuel is considered by some to be
the primary means by which the aviation industry can
reduce its carbon footprint as unlike electric vehicles
(EVs), little research efforts have been made to develop
new materials and batteries to replace the present
fleet of jetliners.
In recent years, environmental and climate change
concerns, increasing air travel and rising crude oil
prices, as well as depleting crude oil reserves, have led
to the search and development of alternative green
and renewable aviation biofuels. In Malaysia context,
aviation biofuel derived from palm is obviously
a natural choice as Malaysia is one of the world’s
major palm oil producers. Malaysia is a signatory of
International Civil Association Organisation (ICAO)
with 191 member states which commit to voluntary
use of aviation biofuel by 2021 to contribute in
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reducing GHG emissions, and thus help to mitigate
global warming. Successful implementation of palmbased aviation biofuel usage by Malaysia will further
enhance the green image of the Malaysian Aviation
Industry in general, and especially Malaysia’s image as
a committed, environmentally-conscious nation. Apart
from irrational concerns of sustainability, the oil palm
offers the highest yielding hydrocarbons as vegetable
oils. Preliminary laboratory evaluation on several palm
fatty esters synthesised have found that their blends
with commercial petroleum jet fuel could be a possible
and viable road to be used as aviation biofuel (Choo &
Ong, 1989; Cheng, 2006).
Changing priorities on Environmental, Social, and
Governance (ESG) and sustainability have slowly
evolved to the development of sustainable aviation
fuels (SAF), especially because of more stringent needs
in high altitude and low temperatures. Land-based
transportation are less demanding in specifications
and chemical compositions as gasoline or petrol
have used ethanol and other small isomers or related
esters of medium chain fatty acids or hydrocarbons.
Diesel likewise can be blended with methyl esters of
fatty acids (FAME) derived from vegetable oils. With
the debate on food-fuel controversy, used cooking
oils or other oils unfit for feed or food can be used for
FAME biodiesel.

Aviation Turbine Biofuels: Drop-in SAF and HVO
Biofuels
Aviation Turbine Fuels are a complex mixture of
hydrocarbons derived from refining of conventional
sources including crude oil, natural gas, liquid
condensates, heavy oil, shale oil and oil sands. There
are 2 types of aviation turbine fuels (i) Kerosene type
fuel – Jet A (United States, USA) & Jet A-1 (the rest
of the world); and (ii) Wide-cut fuel – Jet B (Canada
& Alaska) [Standard: ASTM D 1655, Def Stan 91-91,
AFQRJOS Checklist]. Synthetic components derived
from non-petroleum sources such as vegetable oils,
animal fats and used frying oils are permitted to be
used as aviation turbine fuels with conditions. The
specification of aviation turbine fuel (Jet A1) is as
shown in Table 1 (Appendix).
The technology for the commercial production of
hydrotreated vegetable oil (HVO) biofuels involves
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hydro-processing which is similar to petroleum
oil refining – using H2 gas for catalytic removal of
oxygenated bonds. The feedstocks used include
vegetable oils, animal fats and used cooking oils.
The products which are known as HVO biofuels are
identical to conventional petroleum-based fuel.
The present hydrocarbon fuels for combustion and
compression engines consist of linear, branched and
cyclic hydrocarbons as well as aromatics so that for
Drop-In HVO catalytic transformations for branched
and cyclic and aromatic hydrocarbons are needed.
SAF similarly have to have compositions containing
branched, cyclic and aromatic hydrocarbons of
around C15 hydrocarbon isomers (Fig. 2). Such a
product, with product specification: ASTM D 7566,
is well accepted by aircraft manufacturers as well as
engine manufacturers. Drop-In HVO for combustion
engines can be chemically constituted as shown in
Fig. 2. Drop-In biofuels in contrast to those needed
blending, can be added for use directly using the same
tanks and piping systems for petroleum hydrocarbon
fuels because they are chemically and compositionly
structured to be the same (Figs. 2 & 3).

(* The product: mixtures of hydrocarbon fractions,
chemical structures are identical to conventional fossil
fuels– drop-in fuels)

Production Technologies: Hydroprocessing

Nearer home, Singapore and Malaysia Airlines have
conducted the aviation biofuel runs with their aircrafts
in 2017 and 2022 respectively [ICAO 2022; Neste 2022].

Vegetable oils + H2 → Hydrocarbon + Propane
				
mixtures

Catalyst + H2

Where R and R’ are C12 – C20 chain hydrocarbons.
Number of carbon atoms vary from different
feedstocks. For palm oil, they are mainly C16 – C18.

Commercial Use of Aviation Biofuels
There are numerous trials conducted using aviation
biofuels produced from non-edible oils, i.e. jatropha,
camelina, technical corn oil, algae oil, used cooking oil.
However, it is still not very widely used in commercial
flights. One of the major contributing factors could be
higher prices and availability of non-edible oils over
petroleum-based fuel. Some examples of commercial
passenger flights using aviation biofuels are shown in
Table 2 (Appendix).

Figure 2. SAF hydrocarbon compositions [Holladay et al., 2019]
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Figure 3. Carbon numbers and boiling points for gasoline, jet and diesel fuels

GHG Savings of Biofuels
Different feed sources lead to varied levels of GHG
savings. Bioethanol from corn starch is much used for
blending gasoline in the US to agricultural availability
provides only 20% GHG savings, cane sugar fares better
while the much desired but more costly cellulosic
bioethanol provides 60% GHG savings. FAME-biodiesel
from palm oil with methane capture provides >60%
GHG savings but the presently produced palm
biodiesel is considered without methane capture is
only acceptable as <60% GHG savings comparable to
sun oil biodiesel. Future improvements in genomic
and technological advances toward highest realizable
yields in a circular economy including palm oil mill
effluent (POME) recycling for palm oil production
promise to provide technical and waste oil supplies
for biofuels with the highest GHG savings and without
endangering food-oil supplies.
The technology providers of aviation biofuels
which are established and have successfully set up
commercial production plants are Neste Oil (Finland),
UOP (US), Beijing Haixin Energy Technology Co., Ltd.
(People’s Republic of China) and Sulzer (Germany).
Some examples of commercial biofuel plants built by
the first three companies mentioned above are shown
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in Table 3 (Appendix). Neste Oil is among the earliest
to establish a supply base at the centre of palm oil
production (Singapore) with ready access to the US
market but using propriety technology for a number
of years.

PORIM / MPOB’s R&D on Palm Aviation BioFuels (1989
– July 2016)
PORIM/MPOB R&D of palm aviation biofuel project was
initialled as early as 1989 (Choo & Ong, 1989). The focus
then was on esters-based aviation biofuel using ASTM
D 1655 Standard Specification for Aviation Turbine
Fuel as reference. Several neat palm fatty esters with
freezing point (one of the critical properties of aviation
fuel) lower than -47°C were synthesized and identified.
However, findings showed that these neat palm fatty
esters synthesized may not be suitable to be used as
aviation fuel directly as some of their properties did
not meet all the specifications of ASTM D 1655.
Our patented findings showed that, upon blending
of these fatty esters synthesized with commercial
jet fuel (Jet A-1) at volume ratio of 50:50, most of the
properties specified in the ASTM D 1655 could be
met. Thus, blending with commercial jet fuel could be
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another possible and viable route for palm fatty esters
to be used as aviation fuel [Choo & Ong, 1989; Cheng,
2006], though the ester-based products are yet to be
accepted by the aviation authority and industry.

•

Good conversion of fatty acids and glycerides into
hydrocarbon fuels

•

Conducted preliminary economics evaluation –
CAPEX, feedstock cost & processing cost

Esterification/ Transesterification

Transportation Biofuels

catalyst, heating
(1) R COOH + R OH → R1COOR2 + H2O
Fatty acid Monohydric Fatty acid ester water
		
alcohol

Climate change considerations have reviewed the
considerable GHG emissions from the transportation
sector. Figures from the US may be illustrative of
the amounts of fossil fuel use (Fig. 4) which presents
considerable scope for replacement by biofuels even
though lithium batteries have been in the forefront to
provide GHG savings. In petroleum or biofuel refining
the three fuels, gasoline, diesel and aviation fuel are
three fractions or cuts of three boiling points (Fig. 4).
Whereas substitutes for gasoline or petrol and diesel
can readily find substitutes in quantity jet fuel need
more stringent considerations mostly due to the more
difficult operating conditions of high altitude and low
freezing points.

1

2

(2) Vegetable oils + ROH → FAAE + Glycerol
				
Fatty acid alkyl esters
(Product: Oxygenated fuel)
In 2011, MPOB reinitiated the aviation biofuel R&D by
looking at HVO approach in collaboration with UOP.
Non-disclosure Agreement and Memorandum of
Understanding were signed. (Choo, Yung & UOP, 2011).
The collaboration has led to the following successful
conclusions:
•

Screened and identified suitable palm feedstocks

•

Conducted pilot plant trials at UOP’s facility at
Chicago, US - continuous run for 1,400 hours
without any technical error

•

The identified palm feedstocks are technically
acceptable feed

The specifications require high performance (energy
density), operability (safety) and drop-in requirements.
Drop-in requirements need SAF to be compatible
to be used with current jet engines, infrastructure
with all the existing piping, storage systems, i.e. fully
interchangeable.

Figure 4. US transportation fuel consumption in 2017 (in billions of gal per year; 1 gal = 0.003725MT)
[Holladay et al., 2019]
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Sustainable Aviation Fuels (SAF)
SAF has been created to be of similar composition
of commercial jet fuel from fossil sources. The
composition essentially consists of linear hydrocarbons
(n-alkanes), branched alkanes (iso-alkanes), cyclic
alkanes (cycloalkanes) and aromatic hydrocarbons.
Feedstocks need to have sustainability certifications,
e.g. palm oil has several sustainability certifications
schemes – RSPO, CSPO, MSPO and ISPO.
N-alkanes are most readily available with high specific
energy and thermal stability but alone do not provide
the needed fluidity and handling properties such as low
freezing points. Iso-alkanes with good specific energy
and thermal stability have suitable low freezing (pour)
points. Cycloalkanes provide complementary value
to isoalkanes and aromatics for density profiles and
also seal-sealing properties of aromatics. Aromatics
have specified limits as they burn with particulate
emissions and are of lower specific energy. N-alkanes
are available from HVO or from Fischer-Tropsch
synthesis while catalytic conversions to iso- and cycloalkanes are available from the traditional technologies
of the fossil oil refining industry. HVO can be provided
by vegetable oils and among them it is palm oil that
is highest yielding and having the lowest carbon
footprint despite perceived concerns of deforestation
or unverified use of forced labour. Replanted oil palms
will perhaps avoid concerns of use of new land and
innovations in mechanization and robotics will in the
future obviate much of labour needs.
HVO presently provides the range of C8 to C18
hydrocarbons available from the fatty acids from oil
palm fruits plus C3 propane from hydrogenation of
triglycerides and methane from biogas generation.
From all these hydrocarbon sources, catalytic
transformations can provide all the basic chemical
ingredients for SAF. Chemical composition of jetfuel Jet A-1 is approximately 33% isoalkanes, 26%
cycloalkanes, 20% n-alkanes and 20% aromatics.

makers, engine manufacturers and oil companies.
Depleting crude oil reserve (2030), increasing crude oil
prices and increasing air travel (3.5%) per year (IATA)
have resulted in the search for alternative renewable
bio-jet fuel to conform to GHG reductions for 2030 and
zero-carbon target by 2050. Thus, renewable turbine
aviation biofuel (drop-in HVO) is certainly an obvious
choice, if not the only practical choice. These bio-jet
fuels will also help to promote agriculture for lowest
carbon-footprint crops.
Presently, the oil palm, being the highest yielding
oil crop among the vegetable oils, has been found
to have the lowest carbon footprint associated with
the production of one liter of vegetable oil also be
competitive in price with refined fractions from crude
oil. The base value for cost of production of CPO is
about RM2,100 or $477/ton. Brent crude had mostly
fluctuated above $70/bbl or RM 2,250/ton which are
well above the cost of production of CPO so SAF made
should be profitable.
However, aviation biofuels need to fulfill sustainability
criteria which is evolving but presently is vague at
best. Palm oil as produced by Malaysia is sustainable in
terms of RSPO and MSPO. The focus therefore should
be working towards avoiding using vegetable oil
feedstocks which are meant for food but using used
cooking oils, technical oils and other waste materials.
The second generation resources, where cultivation
and harvesting do not deplete valuable food, land
or water resources and can provide socio-economic
benefit to the regions where it is grown, should be
encouraged.
Replantings also help to address the issue on
Indirect Land Use Change (ILUC) from forested lands
while technology developments can speed up the
improvements to a circular economy. A carbon tax on
petroleum-based aviation fuel as well as extension of
Clean Development Mechanism (CDM), may promote
the hasten use of more renewable bio-jet fuel or SAF.

Conclusions
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APPENDIX
Table 1. Specification: Aviation Turbine Fuel (Jet A1)
1
1.1

Appearance
Visual Appearance

1.2
1.3
1.4
1.4.1
1.4.2
1.4.3
1.4.4
1.4.5
1.4.6
2
2.1
2.2
2.2.1 or
2.2.2

Color
Particulate Contamination, at point of manufacture, mg/l
Particulate, at point of manufacture
≥ 4 µµ(c)
≥ 6 µµ(c)
≥ 14 µµ(c)
≥ 21 µµ(c)
≥ 25 µµ(c)
≥ 30 µµ(c)
Composition
Total Acidity, mg KOH/gm
Aromatic Hydrocarbon Types
Aromatics % v/v
Total Aromatics % v/v

Clear & Bright, free from solid matter &
undissolved water at ambient temperature
Report
ASTM D 156 or ASTM D 6054
1.0 Max
IP 423/ ASTM D 5425

Clear & Bright

Report
Report
Report
Report
Report
Report

IP 564 or IP 565

2500
950
99
22
15
10

0.015 Max.

ASTM D 3242

0.009

25 Max.
26.5

IP 156/ ASTM D 1319
IP 436/ ASTM D 6379

18.5
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25
0.80
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2.3
2.4
Or 2.5
2.6
2.6.1
2.6.2
3
3.1

3.2
3.3
4
4.1
4.2
5
5.1

Sulphur, Total % m/m
Sulphur Mercaptan % m/m
Doctor Test
Refining component, at the point of manufacture
1. Hydro processed component, % v/v
2. Severely Hydro processed component, % v/v
Volatility
Distillation – IBP °C
Fuel recovered 10% by volume at °C
Fuel recovered 50% by volume at °C
Fuel recovered 90% by volume at °C
Final boiling point °C
Residue % volume
Loss % volume
Flash point °C
Density @ 15 °C kg/m3

7.2

Fluidity
Freezing point, °C
Kin Viscosity at minus 20 °C, mm2/s
Combustion
Smoke Point, mm or
Smoke Point
And Naphtalene, % vol.
Specific Energy MJ/kg, Min
Corrosion
Cu strip for 2 hours @ 100°C
Thermal Stability, JFTOT
Thermal Stability, JFTOT
Test Temperature, °C
Tube rating, visual

7.3
8
8.1.1 or
8.1.2
9
9.1
9.1.1
9.1.2
10
10.1

Pressure Difference, mmHg
Contaminants
Existent gum, mg/100ml
Existent gum with Air, mg/100ml
Water Reaction Characteristics
Micro Separator rating at point of Manufacture
MSEP without SDA or
MSEP without SDA
Conductivity
Electrical Conductivity PS/m

11

Lubricity
Wear Sear Diameter, mm

5.2
6
6.1
7
7.1

0.3 Max.
0.003 Max.
Doctor negative

ASTM D 4294
ASTM D 3227
IP 30

0.25
0.0020

205 Max.
Report
Report
300 Max.
1.5 Max.
1.5 Max.
38 min
Min. 775.0
Max. 840.0

ASTM D 86
IP 170
IP 365/ ASTM D 4052

155
171
195
195
254
1.0
1.0
42
799

Minus 47 Max.
8.00 Max.

IP 16/ ASTM D 2386
IP 71/ ASTM D 445

Minus 52
4.10

25 Min
19 Min
3 Max
42.8

ASTM D 1322/ IP 57
ASTM D 1322/ IP 57
ASTM 1840
Annex C
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Not worse than No. 1

ASTM D 130

No.1

Report
Report

IP 323/ ASTM D 3241
Min 260
Less than 3 (no peacock)
or abnormal colour
25 Max.
7 Max
7 Max.
1b Max.

Zero, no peacock

IP 131/ ASTM D 381
IP 131/ ASTM D 381
ASTM D 1094 {Method A}
ASTM D 3948

85 Min.
70 Min.

2.1
2.1
1b
95
90

50 Min.
600 Max.

IP 274/ ASTM D 2624

75@30°C

0.85 max

ASTM D 5001

0.63

Source: [Mangalore Refinery and Petrochemicals Limited, 2008]
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Table 2. Commercial Passenger Flights using Aviation Biofuel
Date
29 June 2011

Carrier
KLM

Aircraft
B737

Flight Path
Amsterdam-Paris
(171 passengers)
Hamburg-Frankfurt

15 July 2011

Lufthansa

A321

18 July 2011
21 July 2011
1 Aug 2011
27 Sept 2011
3 Oct 2011
6 Oct 2011

Finnair
Interjet
Aeromexico
Aeromexico
Iberia
Thomson Airways

A321
A320
B777
B737
A320
B757-200

13 Oct 2011
7 Nov 2011
9 Nov 2011

Air France
United Airlines
Alaska Airline &
Horizon Air

A321
B737-800
B737 &
Q400

Amsterdam-Helsinki
Mexico City-Tuxtla Gutierrez
Mexico City-Madrid
Mexico-San Jose, Costa Rica
Madrid- Barcelona
Birmingham- Arrecife
(232 passengers)
Toulouse-Paris
Houston- Chicago
Seattle- Washington DC /
Portland- Seattle- Portland

21 Dec 2011
12 Jan 2012

Thai
Lufthansa

B777-200
B747-400

Bangkok-Chiang Mai
Frankfurt- Washington DC

UCO (SkyNRG)
Mixture

7 Mac 2012
13 Apr 2012
17 Apr 2012
19 Apr 2012
18 June 2012
18 June 2012
18 June 2012

LAN Chile
Qantas
Porter Airlines
Jetstar
Porter Airlines
Air Canada
Aeromexico

A320
A330
Q400
A320
Q400
A319
B777-200

Santiago- Concepcion, Chile
Sydney- Adelaide
Toronto-Ottawa
Melbourne- Hobart- Melbourne
Montreal- Toronto
Toronto- Mexico City
Mexico City- Sao Paulo

19 June 2012
8 Mac 2013
21 Aug 2013

KLM
KLM
LAN Colombia

B777-200
B777-200
A320

UCO (SkyNRG)
UCO (SkyNRG)
Camelina & Carinata (UOP)
UCO (SkyNRG)
Camelina & Carinata (UOP)
UCO (SkyNRG)
UCO/Camelin a/Jatropha
(88/10/2) (UOP)
UCO (SkyNRG)
UCO (SkyNRG)
Camelina

16 May 2014
KLM
June/July 2014 GOL Airlines

A330-200
B737

Amsterdam- Rio de Janeiro
New York JFK-Amsterdam
Bogota-Cali
(174 passengers)
Amsterdam- Aruba
Multiple destinations in Brazil

15 Sept 2014

Lufthansa

A320

Frankfurt- Berlin

23 Sept 2014
7 Oct 2014
11 Nov 2014
11 Nov 2014
17 Mac 2015

31 Mac 2016
7 June 2016

KLM
Alaska Airlines

A330
737-800
737-800
737-800
Airbus A330300
Boeing 737800
Embraer 190
Boeing 737800

Helsinki-NewYork
Stockholm-Oslo
Trondheim- Oslo
Bergen-Oslo
Shanghai-Hong Kong

21 Mac 2015

Finnair
Scandinavian Airlines
Scandinavian Airlines
Norwegian
Dragonair,
Cathay Pacific
Hainan Airlines

15 July 2016

South African Airways

Boeing

Shanghai-Beijing
Oslo-Schiphol, Amsterdam
Seattle, WashingtonSan Francisco, California
Seattle, WashingtonWashington D.C.
Johannesburg-Cape Town

Feedstock
UCO (SkyNRG)
Mixture: Jatropha,
Camelina, Animal fats
(Neste)
UCO (SkyNRG)
Jatropha (UOP)
Jatropha
Camelina (UOP)
UCO (SkyNRG)
UCO (SkyNGR)
Algae (UOP)
UCO (SkyNRG/
Dynamic Fuels)

Notes
200 flights,
starting Sept 2011
50/50
1187 flights, 6 months,
daily flight
50/50
27/73
30/70
15/85, Weekly flight
25/75
50/50
40/60
20/80, 75 scheduled
flights, 11 days. AA(11)
& HA (64)
Transatlantic,
40 tonnes fuel mix
50/50
49/1/50
50/50
49/1/50
50/50
50/50
26 flights, once a week
33/67

UCO
Inedible corn oil &
UCO (UOP)
Farnesan sugar-based
fuel (Amyris Total)
UCO (SkyNRG)
UCO (SkyNRG Nordic)
UCO (SkyNRG Nordic)
UCO (SkyNRG Nordic)
UCO

20/80
50/50, 200 flights,
FIFA World Cup 2014
10% in both engines

Waste cooking oil
(Sinopec)

50/50

US Sustainable corn
(Gevo Inc)

20%

10/90
10/90
48/52
50/50, 3000 flights
50/50

Modified tobacco crop
(SkyNRG)
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Date
8 Sept 2016

Carrier
KLM

14 Nov 2016

Alaska Airlines

5 May 2017

Singapore Airlines

23 Nov 2017
29 Jan 2018

Hainan Airlines
Qantas

2 May 2018

Air Canada

27 Aug 2018

SpiceJet

12 Sept 2018

Brisbane Airport

17 Sept 2018

United Airlines

Boeing 787

San Francisco-Zurich

16 Jan 2019

Etihad Airways

Boeing 787

Abu Dhabi-Amsterdam

19 May 2019

ATR 72-600

Halmstad-Stockholm Bromma

5 June 2019

Braathens Regional
Airlines
United Airlines

isobutanol produced in
Minnesota (Gevo, Virgin
Australia)
Carinata oil seed (World
Energy’s AltAir Fuels)
Oil in Salicornia plants
(SBRC)
SAF (Neste, Air BP)

Boeing 737900ER

Chicago O’Hare-Los Angeles

SAF (World Energy)

30/70

5 Aug 2019

Finnair

San Francisco-Helsinki

12/88

7 Feb 2021
8 Feb 2021

KLM
Japan Airlines

UCO (SkyNGR, World
Energy)
Synthetic kerosene (Shell)
Cotton clothing SAF (RITE)

12 April 2021
1 December
2021
6 June 2022

Gulf Air
United Airlines
Malaysia Airlines

Aircraft
Boeing 747400
Boeing 737800
Airbus A350900
Boeing 787
Boeing 787
Dreamliner

Flight Path
LAX-Schiphol, Amsterdam

Feedstock
UCO (SkyNRG)

Notes

Seattle, WashingtonWashington D.C.
Singapore-San Francisco

ATJ-SPK (NARA & Gevo,Inc)

20%

UCO (AltAir Fuels,
SkyNGR, NAFCO)
UCO (Sinopec)
Carinata based fuel
(Agrisoma, AltAir Fuels,
World Fuel Services)

15/85
10/90

Beijing-Chicago O’Hare
Los Angeles-Melbourne

Airbus A320- Edmonton-San Francisco
200
Bombardier Dehradun-New Delhi
Q400
195 domestic & international
flights from Brisbane

Boeing 787-8
Dreamliner
Boeing 787-9
United 737
MAX 8
Boeing 737800

Tokyo-Fukuoka

Jatropha seeds

Finland-Bahrain
SAF(Neste)
Chicago O’Hare-Washington D.C. SAF (World Energy)
Kuala Lumpur-Singapore

SAF (Neste)

[Source: International Civil Aviation Organisation, ICAO, 2022; Neste, 2022]
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30/70
50/50
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GREEN AND RENEWABLE AVIATION TURBINE BIOFUELS: DROP-IN HVO BIOFUELS

Table 3. Commercial Biofuel Plants
Company
Neste

Technology
Neste Oil

Location
Porvoo, Finland

Neste
Neste
Neste

Neste Oil
Neste Oil
Neste MY SAF

Singapore
Rotterdam, Netherlands
Porvoo, Finland

Eni
Diamond Green Diesel

UOP
UOP

Venice, Italy
Louisiana, USA

AltAir Fuels
(now World Energy)
AltAir Paramount LLC

UOP

Los Angeles, USA

UOP Renewable
Jet Fuel
Mixed Cracking
Treatment (MCT)
MCT

Paramount, California
Rizhao City, Shandong
Province
Hebi City, Henan Province

500,000 mil

15 million gallons over a 3-year period to
United Airlines at LAX hub
Green Jet and green diesel
Operating in 2016
HVO

100,000 mil

HVO

MCT

Hainan Province

100,000 mil

HVO

MCT

Heze City, Shandong
Province

100,000 mil

HVO

Beijing Haixin Energy
Technology Co., Ltd.
Beijing Haixin Energy
Technology Co., Ltd.
Beijing Haixin Energy
Technology Co., Ltd.
Beijing Haixin Energy
Technology Co., Ltd.

Capacity (T/yr)
380,000
(2 units)
800,000
800,000
100,000
(34 mil. gal.)
300,000
500,000
(137 mil. gal.)
88,500
(30 mil. gal.)
150,000 mil

Notes
Mixture of green diesel & aviation biofuel
Green diesel, EURO 550 million, 2010
Green diesel, EURO 670 million, 2011
SAF
Green diesel, US$ 134 million, start up 2014
Green diesel, start up 2013

Source: [Neste, 2022; UOP Honeywell, 2022; SJ Environmental Protection, 2022]
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Introduction
Oil palm occupies only about 6% (18.9 million hectares
in 2018) of the total land (309.8 million ha) under oil
crops in the world (Ritchie and Roser, 2021). However,
palm oil and palm kernel oil together accounted for
nearly 35% (81.9 million tonnes) of the total oils & fats
(235.7 million tonnes) produced globally (Bhavna,
2021). The current global average oil yield of oil palm
at 3.74 tonnes/hectare/year (t/ha/yr) (Ben-Iwo et al.,
2016) is between 5 and 10 times higher than that of
other major oil-bearing crops, but it is still far below
the potential of 10 to 11 t/ha/yr estimated by Breure
in 2003. Nevertheless, oil palm has become and will
continue to be one of the essential oil-bearing crops
cultivated to meet the growing demand for edible
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oils, which will touch 240 million tonnes by 2050
(Corley, 2009). Palm oil may account for 65% of the total
required if its upper production limit of 150 million
tonnes estimated by Corley is reached by then.
After a century of commercial development, oil palm
cultivation is still confined mainly to Indonesia and
Malaysia, accounting for more than 63% of the area
planted and 84% of the palm oil produced globally
(Ritchie and Roser, 2021). Malaysia’s area under oil
palm is approaching 6 million hectares (ha). At the
same time, the government has set a ceiling of 6.5
million ha (Vergano, 2021) to prevent encroachment
of unsustainable development into areas considered
unsuitable for oil palm cultivation. With constraints of
limited land resources, labour shortage and escalating
production costs in Malaysia, we hope to leverage
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technologies of the IR4.0 to intensify inputs and
optimise the yield productivity of certified sustainable
palm oil on available lands.
We have planting materials that produce more than 8
t/ha/yr of crude palm oil (CPO). We also have adequate
knowledge of good agricultural practices needed to
optimise yield and minimise negative environmental
impacts. However, with our current limited leaf and
soil sampling system and ground visual assessment
routine, we have not been able to identify and locate
all under-performing palms for correction as needed.
Meanwhile, the conventional experience-based
decision-making may no longer be adequate with
increasing demands for compliance and challenges to
overcome as we strive to be more site-specific in our
approaches. Therefore, we must acquire structured
and unstructured data to drive our decisions and
actions. With that in mind, our digital transformation
journey began with the digitisation of manually
recorded field data of our principals’ estates (KLK
Berhad and Boustead Plantations Berhad), followed by
the use of spatial information apparatus some 30 years
ago (Tey et al., 1997). The main objective is to enhance
our ability to perceive spatial variability of factors
affecting yield, uncover hidden patterns of unfolding
events and other insights not readily discernible with
our limited visual inspection routine carried on the
ground.
Data of greater detail are needed to fine-tune our
performance and counter potential setbacks of
changing weather patterns. Digital sensors, cameras,
data loggers and wireless transmission protocols in
Agriculture 4.0. can be used to automate the laborious
task of data acquisition and improve accuracy, minimise
errors, reduce cost, prevent redundancy and lighten
the burden on workers. Beyond data-driven decisionmaking, we can hopefully adopt robots integrated
with artificial intelligence and deep machine learning
algorithms to improve the efficiency and effectiveness
of decision support systems and actuation of crewless
operations in future (Saiz-Rubio and Rovira-Más, 2020).
The paper discusses the development and status of
digital technology adoption at Applied Agricultural
Resources Sdn. Bhd. (AAR) within the agronomic
framework of upstream field operations. It does not
cover technologies and automation at palm oil mills,
laboratories, downstream production plants and
marketing chains.

AAR Agriculture 4.0 Development and Digitalisation
Path
Data Digitisation
Our early attempts to use computers and relational
databases for storing historical agronomic and crop
management data began in the late 1980s. Most data
were structured and organised into integrable fields
and records, kept in centralised database servers.
Subsets of the data were retrieved, processed and
examined manually to reveal changes and outcomes
of past inputs and events.
Based on available data from experimental plots and
commercial fields, an integrated site-specific fertiliser
recommendation system (INFERs) and a few other crop
models have been successfully developed to provide
balanced nutrient inputs for growth and yield (Chew et
al., 1994, Kee et al., 1994). Mathematical models have
also been built to estimate site yield potentials (Kee
et al., 1999), predict runoff losses (Kee et al., 1996) and
determine the best months for fertiliser application.
However, with limited resources and technologies
in the past, the data collected were short of details
required for users to be timely and site-specific in their
approaches. We need to know spatial and temporal
variations of factors affecting palm growth and yield
across different time and growing conditions and
environments.
With that in mind, we began to capture and examine
spatial data of oil palm fields with the use of Geographic
Information System (GIS) and Global Positioning System
(GPS) receivers in the early 1990s (Tey and Chew, 1997).
We utilised high-resolution satellite images in the early
years before we opted for images captured with drones
to update and maintain more than a quarter-million ha
of precisely geo-referenced estate maps of our clients
today. The basic spatial information digitised includes
field inventory, soil type, terrain, drainage and road
system, quality of planting pattern etc. Technological
advancement has also facilitated our endeavour to
geocode the location of laggard fields, quantify the
canopy size of every single palm and monitor the
impact of corrective inputs. Worth mentioning here
is the QGIS, a free, open-source GIS software (licensed
under the GNU General Public License) developed by
volunteers, which has contributed tremendously to
the advancement of geospatial applications.
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Figure 1. A field may appear flat (left) on an aerial photo or when observed on the ground. The slight but critical
variation in ground surface elevation can be captured with imaging drones, delineated and thematically
displayed (right) to provide valuable information for drainage planning

Planning and Monitoring of Field and Estate palms at desirable 2 or 3 years intervals for change
detection. We can trace and predict disease spreading
Infrastructures
Correcting defective drainage systems and planting
terraces is often difficult and costly. Good planning
should therefore be carried out well before planting
or replanting to achieve a high early yield and raise
the yield plateau of mature palms. Drainage systems
should be planned and constructed well ahead of
roads and planting terraces. Our standard practice is
to capture aerial images of bare grounds immediately
after land clearing and produce sub-decimetre ground
elevation data for planning (Figure 1).
Immediately after planting, time-series images of
the field are captured at desirable intervals (3 to 6
months) to locate vacancies and fill all sizable gaps
with uniformly grown seedlings before maturity.
Advancements in technologies and cloud computing
facilities have allowed us to customise simple
procedures for estate management to perform welldefined tasks with reduced risk of error to achieve the
feats mentioned above.

Time Series Image Data
An object recognition algorithm has been perfected
for rapid counting of palm stands to ensure the right
amounts of inputs, such as fertilisers and chemicals,
are correctly estimated and precisely applied (Figure 2).
We have also developed a technique to systematically
capture and store time-series aerial images of mature
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patterns, monitor changes and qualify or quantify palm
growth from the time-series images. It is probably true
(Perato Principal of 80/20 rule) that most of us spend
about 80% of our time searching, retrieving, cleaning
and organising data and use only the remaining 20% on
actual analysis. We have an efficient system managed to
capture, store and retrieve geo-referenced images and
spatial information of estates for visual interpretation
and diagnosis, allowing users to spend more time on
data analysis and problem-solving rather than looking
for problematic areas.

Digital Weather Station
Rain gauges have been used for agricultural purposes
as far back as 500 B. C. in Ancient Greece (Strangeways,
2010). The first standardised rain gauge was invented
in 1441 by King Sejong of Korea to record rainfall and
estimate the potential harvest of farmers (Mary, 2020).
Modern digital weather stations have been around
for more than 40 years. Still, our group of estates have
continued to use traditional manual rain gauges (funnel
& measuring cylinder) have continued to be used in our
group of estates. Given the changing weather pattern
due to global warming, we have geared up our efforts
to record rainfall data at higher temporal resolutions
(shorter time intervals) and obtain rainfall intensity
data to predict runoff, the predominant negative
impact of rainstorms. In addition, we are keen to
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Figure 2. Palm density may reduce with time due to disease infection, floods and damages caused by lightning
strikes etc. Palm census is a tedious task, but routine counting of palm stands is necessary to minimise wastage
of resources and accurately estimate potential yield. Palm counting is now done as regularly as needed with a
significant saving in time and cost of inputs using high-resolution drone images

capture other key weather data such as solar radiation
and air temperature to improve the accuracy of our
estimates and the precision of inputs. For instance,
changes in rainfall pattern, sunshine hour and relative
humidity may have impacts on weevils and the quality
of fruit set that warrant further investigation.
In other major oil palm growing countries such as
Thailand, India, Africa and Latin America, costly
irrigation is often necessary to obtain satisfactory
yield. Ochs and Daniel (1976) demonstrated that they
could achieve yield responses of between 25 and 30
kg bunches/ha with every millimetre of water supply
in areas experiencing potential soil water deficit of
between 200 and 600 mm in Grand Darwin, Ivory
Coast. Malaysia and Indonesia are endowed with
sufficient precipitation, but every 100 mm of soil
moisture deficit in certain dry regions can still result
in about 10% yield loss (Carr, 2011). Real-time rainfall
records captured with modern digital rain gauges
can be used to actuate irrigation and maximise yield
responses with optimised water usage. Crowdsourcing
and sharing digital weather data is another potential
benefit of technology development. It allows users to
share their limited dataset and access more extensive
rainfall records uploaded by other service subscribers
(Bárdossy et al., 2021).

Soil Water Table Observation Well
Oil palm requires about 100 cm of a free-drainage
zone below the ground surface for good root growth
and anchorage. However, in some problematic soils,
retaining adequate water and allowing the water table
to fluctuate at a shallower depth below the ground
surface is necessary for optimal palm growth. The
water table of low-lying fields and areas at risk of overdraining should be closely monitored and adjusted to
minimise setbacks. However, the water table has rarely
been measured but is conveniently assumed to be
similar to the water level observed in adjacent drains
and rivers. This assumption may be valid for peat and
some porous soils but is usually not the case for clayey
or compacted soils.
We need to know at what level water fluctuates
below the ground when dealing with problematic
soils. For instance, for potential acid sulphate soils,
the sulfidic horizon or pyrites-containing layer must
be submerged in water under a reduced condition
to inhibit acidification. We have robust water level
sensors (ultrasonic or pressure-based) assembled to
automatically record fluctuating water tables below
the ground surface with minimal human intervention.
The sensors capture long-term data at hourly intervals
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Figure 3. Mean daily water tables (summarised from hourly records) of a potential acid sulphate soil and the
frequency of their occurrence at various depths (< 50 cm, 50 to 75 cm and > 75 cm) below the ground surface.
The data provides information and guidance for effective water retention at around 60 cm below
the ground surface as often as possible

with temporal details to indicate how often we can
maintain water within the desirable range and how
frequently it lingers above or hovers below the
threshold level (Figure 3). Based on the information,
we can decide whether to retain more water with
additional weirs at strategic locations or start pumping
to remove excess water promptly.

Yield Map and Palm Canopy Size Index Map
The growth and yield of palms within a field vary
considerably across different soil types and terrain
conditions. Palm growth is usually assessed visually
by agronomists based on canopy sizes and vigour.
This traditional visual assessment method can often
be subjective, biased and far from thorough, leaving
behind pockets of under-performing palms to remain
poor in growth. The improved speed and flexibility
of image acquisition allow us to practically capture
images of palm trees with affordable drones as often
as necessary (once every two or three years is good
enough for oil palm) for growth assessment. Improved
temporal and spatial resolutions of captured images
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Figure 4. Canopy diameters of palms captured on
high-resolution drone images can be quantified and
grouped into different categories of growth classes
for agronomists to precisely delineate poorly
grown palms for correction
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allow us to map and quantify the canopy size (diameter)
of every single palm (Chen, personal communication)
and produce a useful Canopy Size Index (CSI) map
(Figure 4). Our agronomists and managers use this
novel deliverable to efficiently delineate poorly grown
palms for site-specific field inspection and growth
correction. By superimposing a detailed yield map,
e.g., a task-yield map (yield records of tasks comprising
150 to 200 palms each) on the CSI map, we hope to
pinpoint areas with hidden crop recovery problems
and minimise crop losses. Technology advancement
has allowed us to perform this intensive data-driven
assessment chore with a reduced workforce and
human errors on top of improved efficiency, precision
and thoroughness of assessment.
We found good agreement between the CSI map, the
visual appearance of palms below ten years on the
ground, and their yield. Further development is ongoing to differentiate canopy sizes of older palms in
which canopies have largely overlapped.

Smart Fertiliser Spreader
An intelligent fertiliser spreader, capable of applying
the correct dosage of fertilisers at the right place
and time regardless of vehicle’s speeds, has been
successfully modified and adopted for use in our group
of estates (Ng et al., 2019). This innovative spreader,
jointly developed by the Verion of Argentina and AAR,
has improved the speed and precision of fertiliser
application. Besides 2 to 4 folds increases in labour
productivity against the current manual and semimechanical methods of applications, respectively,
the spreader is also equipped with apparatuses to
generate as-applied maps. The maps help to ensure
compliance with agronomists’ recommendations
and display unreachable pockets by the machine for
workers to follow up with manual applications. It also
records labour and machine productivity and is easy to
operate. Another advanced feature of this new smart
spreader is its ability to apply two different straight
fertilisers in a single pass. This function will reduce our
dependency on costlier compound fertilisers, resulting
in a short payback period of less than a year.
The spreader is now being upgraded with an ultrasonic
sensor to detect vacancies for omission with increased
application precision and hence, reduced wastage.

Future Development and Challenges
Advancements in technologies IR4.0, such as big data
& analytics, agricultural drones and IoT, cloud
computing etc., will allow us to collect data at more
incredible speeds, details and intensities in ways not
possible before as we enter the era of Agriculture
4.0. We anticipate new non-invasive sensors and
dataloggers to be developed further with improved
functionality capable of collecting, analysing and
generating information on a real-time basis to drive
our decisions.
We hope to equip harvesters with devices that record
the crop they harvest and produce detailed yield maps
that we can use to locate poor-yielding palms. Another
possible way to accomplish this vital task is by fixing
crop evacuation machines with smart digital loadcells
to weigh fruit bunches collected on the go to minimise
losses of recoverable crops.
We can perhaps use emerging Artificial Intelligence
(AI) and Machine Learning technologies to improve
the efficiency of data scouting, manuring and
chemical spraying with drones by trained technicians,
freeing workers for essential tasks that require human
intervention. In addition, it will undoubtedly be helpful
if we can further develop computer vision technology
to estimate yield more accurately for worker
distribution and allocation and to monitor usage and
productivity of vehicles and machines.
We are also exploring the feasibility of using hourly
rainfall records and real-time soil moisture data to
schedule irrigation for shallow soils susceptible to
moisture stress. For drainable peat and low-lying
fields, automatic ultrasonic or pressure sensors may be
integrated with mechanical switches to adjust weirs
remotely for more efficient control of water tables.
We are stepping studies on advanced thermal
sensors for monitoring the population and behaviour
of mammalian pests. We are also zealous in using
AI cameras and pattern recognition algorithms to
identify weeds for selective spraying, count and map
harvested bunches, assess crop quality and losses in
the field and monitor the condition of infrastructures
for maintenance.
It should also be helpful to have a camera-guided or
GPS-enabled skip-bin traversing along collection roads
for FFB loaders to unload collected fruit bunches. The
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idea is to have the intelligent skip-bin moving steadily
along the collection road and stopped intermittently
for approaching in-field FFB loading machines to empty
collected fruit bunches. This will prevent prevent the
machine from carrying partially loaded carts back into
the field before unloading them into larger bins parked
some distance away, as practised now. By fitting a
mobile skip-bin with advanced technologies to move
slowly along collection roads, we would be able to
save labour, shorten the turnaround time, minimise
damage on harvester paths, reduce wear and tear on
machines and improve crop recovery standards.

Concluding Remarks
Precision farming has come to light for more than
30 years, but the level of technology adoption is still
low with constraints of extensive agriculture system
confronting the oil palm industry. We need special
training and additional financial support to migrate
from our extensive agricultural practices to a smarter,
less labour intensive, less physically demanding,
but more responsible and environmentally friendly
system. Successful implementation of precision
farming through suitable IR4.0 technologies,
equipment, machines and robots for the key industry
operations should lead to data-driven decisionmaking and optimised use of resources for higher yield
productivity.
If we can effectively adopt practical applications, our
sustainability problems may diminish gradually. As a
result, the industry’s importance and contributions to
Malaysia and the world will persist, and sustainability
perceptions will increase.
However, we are still in the early stage of digital
transformation with very few pockets of experiences
and implementations. We still need to acquire more
digital data with emerging tools for decision-makers
to make faster, better and more informed decisions
so that we can apply what is required, when and
where is needed correctly and precisely. There are
also uncertainties on the expertise, system, benefit
and investment necessary for impactful scale
implementation. Users must be convinced and be
able to use relevant technologies and new intensive
datasets to increase efficiency and improve outcomes.
Nevertheless, the adoption of modern digital
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technologies will undoubtedly be of use to change
the image and perceptions of our industry as outdated
and hopefully engage more young local Malaysians to
transform the industry (Susilowati, 2014) and reduce
our reliance on migrant workers.
More research is needed on precision farming and
smart agricultural practices to benefit the oil palm
industry. Our industry leaders must also take the
initiative and push for the required technology
developments. A good start is probably to enhance
research and development supports related to
Agricultural 4.0 and to arrange for more interaction
and collaboration between research organisations
and institutions. The support will ensure continued
contributions from the industry to our economy and
socio-economic development, especially in rural areas
and demonstrate its vitality and sustainability to the
world.
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A. Introduction
Industrial Revolution 4.0 (IR 4.0) and digital
transformation are current buzz words. In his recent
lecture in Kuala Lumpur, Prof Jeffery Sachs stated that
“Digital transformation in our era is path-breaking
technology that can change so much for the good”1.
Paul Teng et al (2022) stressed the importance of
digital technology in agriculture and named some
disruptive digital technologies that are applicable for
agribusiness such as Internet of Things (IoT), block
chain, augmented reality (AR), virtual reality (VR) and
drones and sensors.
Forward looking plantation companies have
recognised the potential and opportunities offered by
digital technologies. For example, Olam has SMART
farms using drones for HCV monitoring and big data
analytics [Chia, 2021] while Sime Darby Plantations
have embarked on precision agriculture with SMART
agronomy hubs and use of machine learning to
predict yields [Harikrishna & Aditya, 2020]. Large
companies have the financial resources and technical
1
2

skills to embrace IR 4.0 technologies but how about
smallholders who collectively account for about
40% of global palm oil production? How can they be
included?
Several IR 4.0 technologies are now available to
support sustainable smallholder production. This
paper discusses some examples of applications that
are relevant to oil palm smallholders and provides
some suggestions on how the adoption of digital
solutions by smallholders can be accelerated.
But before doing so, let us consider the reality of
smallholders, especially independent smallholders
who by nature and definition are small farmers (owning
about 2 to 50 hectares) and they are not associated
with any mill or plantation. They have the liberty to
manage their land as they see fit and can sell their FFB
crop to anyone. This discussion is based on the writers’
experience in implementing the IFC Palm Oil Project for
Independent Smallholders Development in Indonesia
(the ‘IFC project’) in four locations in Sumatera from
2014 to 20202. However, lessons learned could be
applicable to other producing countries.

https://www.thestar.com.my/business/business-news/2022/04/12/accelerating-progresson-sdgs-in-malaysia
The International Finance Corporation (IFC) Palm Oil Project for Independent Smallholders Development in Indonesia was
funded by Global Affairs Canada (GAC) and implemented by the International Finance Corportation with the Musim Mas
Group, Indonesia as the implementing partner.
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B. The Reality of Oil Palm Smallholders
Smallholders generally have underperformed
in productivity and income and sustainability
performance, especially among independent
smallholders. In terms of production of certified
sustainable palm oil (CSPO) under the RSPO
certification system, smallholders produced only 8.9%
of global CSPO production and the share of CSPO from
independent smallholders was a mere 1.2% produced
by 63 smallholder groups3. The major challenges for
achieving certification include proof of legal land
ownership, low productivity and traceability.
In 2011, the International Finance Corporation
conducted a comprehensive study among 1069
smallholders in various locations in Sumatra
and Kalimantan, Indonesia to develop a better
understanding of smallholders and their needs by
collecting and analysing data about the challenges
and status of investments of oil palm smallholders
in Indonesia. The study identified strategies for
promoting investments in sustainable smallholder
production.
Challenges faced by smallholders identified in the
IFC diagnostic study include less suitable soils,
poor management capacity and adoption of good
agricultural practices (GAP), weak farmer organization,
lack of access to good quality planting material and
other production inputs. Access to credit is often cited
as a major constraint for smallholders as they often do
not have the necessary collateral such as land titles to
borrow from financial institutions. In the case of tied
smallholders4, they must rely on plantation companies
to serve as guarantors for obtaining financing for
operations and replanting.
The study found that smallholders underperformed
both in terms of yield and sustainable production
practices. With 3 ha of oil palm plantation on average,
smallholders had average yields of 13.1 t/ha of Fresh
Fruit Bunches (FFB) per year. Taking into account the
age of the palm trees, tied smallholders produced 1.5
tonnes of FFB more per hectare than independent
smallholders, equivalent to 10% – 15% higher
production. Tied and independent smallholdings

3
4

yielded 6% and 40%, respectively, below a good
practice scenario for smallholders, and 46% and
116% below a good practice scenario for plantations.
Regarding sustainable practices, most smallholders
also underperformed when measured against a
selection of RSPO requirements included in the survey
[IFC, 2013].
Based on results of the diagnostic study, several
support strategies to upgrade smallholder production
were identified; these included
• Training smallholders in sustainable intensification
of operations in existing plantings
• Supporting replacement or replanting of aging
or non-hybrid palms with high yielding tenera
materials
• Ensuring short lines of communication between
smallholders and CPO mills with regard to the
flow of information (quality and pricing), FFB and
payments for FFB
Regarding the recommendation on shortening
communication lines between smallholders and mills,
the upstream supply chain between independent
smallholders and mills, especially independent mills
in Indonesia is opaque. Many palm oil mills rely on
third party suppliers for FFBs to meet the needs of
their milling capacity. It is a common practice for oil
palm companies to rely on one or two big traders
and sub-agents to secure this FFB supply from local
independent smallholders. The smallholder does not
have any direct contact with the mill and his only
interface in the supply chain is with the sub-agents.
Consequently, most palm oil mills do not know exactly
where FFB traders who supply them get their FFB from.
In an effort to map the upstream supply chain of
smallholders, the IFC project conducted a series of
focus group discussions among the key stakeholders,
including the agents and sub-agents and conducted
field observations to track the flow of the smallholders’
FFB harvests to the mill [Andi Wahyuni & Kukeawkasem,
2019]. Fig. 1 shows the process flow for FFB harvested
from smallholder plots until delivery to the palm oil mill.
From these observations, it was clear the independent
smallholder has a passive role in his supply chain and

As in April, 2022 https://www.rspo.org/smallholders
Tied smallholders are with a formal relationship to a plantation company or palm oil mill; alternatively called scheme or plasma
smallholders.
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Figure 1. Smallholder upstream process flow in Riau province, Indonesia

is very dependent on the sub-agent. Salient points to
note are:
• Smallholders have limited understanding of FFB
quality standards at the mills within their subdistricts.
• Harvesters, where they are employed, smallholders
and truck drivers are all paid based on the weight of
the FFB rather than quality.
• FFB collection is based on the schedule set by the
sub-agents and not on the basis of FFB ripeness/
quality.
• In some circumstances, FFB theft (ninja sawit)
remains a major problem for smallholders and it
creates a perverse incentive for them to harvest
under-ripe or even unripe bunches to avoid
potential theft loss.
• The smallholder does not have clear knowledge
on how the price of their FFB is determined. Any
differential pricing that takes place is often based
more on farmers’ relationship to the sub-agent.
• Collection and sorting processes carried out by
agents and sub-agents may have numerous stages,
change regularly and differ considerably between
agents and sites. Each agent uses a different system
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depending on the mills they supply to and will
deliver different quality FFB depending on the
quality requirements of the individual mill.

C. IR 4.0 Agriculture Solutions for Smallholders
C.1. Empowering smallholders for continuous
improvement in sustainable production
Digital solutions for oil palm smallholders in Colombia
In collaboration with its partners, particularly
Fedepalma and Cenipalma, Solidaridad Network has
developed an integrated digital solutions platform to
support sustainable palm oil production in Colombia.
As in other producer countries, smallholders lagged
in the production of certified sustainable palm oil in
Colombia. The small growers accounted for only 6% of
total national CSPO production in 2020 [Brounen et al,
2021]. As the country has the ambition of achieving 75%
sustainable production by 2023 under the Colombian
Sustainable Palm Oil Program (APSCO), it is critical that
sustainable production by smallholders be accelerated
through a systemic “Step by Step” approach which
could be delivered through a suite of digital solutions
by Solidaridad.
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Figure 2. Solidaridad’s digital solutions for oil palm smallholders in Colombia

The Solidaridad digital solutions ecosystem consists
of three mobile phone applications - the Agrolearning
application, Farming Solution for smallholders and the
Extension Solution for field technicians who support
and advise the smallholders. (Fig. 2). The platform
is focused on continuous improvement; it enables
farmers to monitor their performance in sustainable
production and compare their progress against peer
group benchmarks. Analyses of production data
and other inputs from the three mobile applications
could produce actionable intelligence in the form
of dashboards that are made available to various
stakeholders, including buyers and processors.
Features of the components of the Solidaridad digital
platform are summarised below:
Agrolearning application (www.agrolearning.org) is
an open platform powered by Solidaridad for farmers
and other stakeholders to access training resources
and tools for the sustainable production of palm oil
and other commodities such as coffee and cocoa.
Interactive training contents can be downloaded
onto mobile devices and can be operated offline. The
training contents include 13 modules on sustainable
production of palm oil and seven modules for training
on digital skills and four modules on financial skills.

The learning platform allows the users (farmers and
field technicians) to connect with education and
training providers. A dashboard allows Solidaridad
and relevant organizations to monitor the progress
of users and also facilitates direct interactions with
them. Through these interactions, the app makes it
possible to formulate targeted training for individual
farmers of farmer groups. An overview of the features
of Agrolearning is available on https://view.genial.
ly/60774c143660c80d0b597f00
A blended approach is adopted for the implementation
of Agrolearning. In situations where famers have ready
access to smartphones and have a fair level of digital
competency, they could download the app to their
smartphones and proceed with learning the course
contents on their own, with minimal support from the
field technicians. In situations with low smartphone
penetration and poor internet connectivity, inperson training could be provided by field technicians
thorough mobile digital classrooms, using a portable
training kit (suitcase) containing a projector, a content
access point providing a local hotspot for internet
access and six tablet computers to access the digital
content as well as print versions of the training
modules. (Fig. 3)
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Figure 3. Agrolearning through digital mobile classroom

The Farming Solution app is designed for selfassessment of smallholder sustainability performance
in four key areas, namely Production, Management,
Social and Environment. Each module consists of
assessment on several topics, for example, under
Environment, farmers would be required to assess
their practices with regard to chemicals storage,
pesticide applications, waste management and
ecosystems services. Smallholders can compare and
track their performances against others in the group.
The app enables the development of action plans to
close performance gaps. Through the ‘Learn’ menu,
smallholders could have access to training modules
from the Agrolearning app.
Continuous
improvement
in
sustainability
performance is a key feature of the Farming Solution
app. (Fig. 4). Farmers are categorised into four levels
with regard to sustainability risks and performance,
Level 1 being the entry point where farmers could
have high risks and/or suboptimal performance.
Farmers undergo three assessments, the first ensures
that they meet the basic and most risky requirements
such as legal ownership of the land etc. The
subsequent two assessments verify compliance with
several indicators for sustainable production. At Level
4, farmers have achieved a high level of performance
and are capable of achieving RSPO certification for
smallholders. This step-by-step approach is similar
to the RSPO’s phased approach for certification for
independent smallholders in three phases – Entry
Level with minimum requirements for eligibility,
Milestone A when the smallholder meets intermediate
requirements for progress and Milestone B when
the smallholder meets the requirements for full
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compliance criteria for certification [RSPO, 2019].
The Extension Solution application is designed
for field technicians working with smallholders.
Technicians are able to interact directly with the
farmers under their group. The app allows technicians
to assist smallholders in the assessment of their
performance. Targeted training could be provided to
farmers to close performance gaps.
A key feature of the app is the measurement of
the Sustainability Index which was introduced by
Cenipalma to monitor the progress of adoption of
sustainability practices under ten principles in three
key areas. The app allows the field technician to assist
smallholders to assess their performance against the
criteria of the Sustainability Index. Field technicians
could also interact directly with smallholders directly
and provide targeted training to close the gaps in areas
identified in the Sustainability Index. As of 2020, 1,944
independent smallholders in seven localities recorded
an average Sustainability Index of 49.3% which
indicated a significant progress towards sustainable
production but more effort would be needed to
achieve full adoption (100.0%) of the criteria defined
by the index.
Actionable Intelligence. Data from the three
digital applications are uploaded and analysed by
Solidaridad, together with Fedepalma and Cenipalma
who serve as administrators of the digital platform.
Analyses of data provide reports and scorecards that
could be used by various stakeholders including
smallholders, farmer organizations, processors, buyers
and other stakeholders. Usually, consolidated reports
and scorecards are provided online but reports on
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Figure 4. Continuous improvement thorough the Farming Solution app

the performance of individual smallholders can be
provided, subject to agreement with the farmer on
the use of personal data. Types of reports generated
[Solidaridad Network, 2022] include

of AR training modules in best management practices
in oil and cocoa for smallholders, called e-sawit and
e-cocoa respectively for Android smartphones in
Indonesia during 2019-20215.

➢ Geo-referenced sustainability performance per
farm

As defined by Merriam-Webster6, AR is “an enhanced
version of reality created by the use of technology to
overlay digital information on an image of something
being viewed through a device (such as a smartphone
camera)”. Essentially, AR provides an interactive
experience that integrates the physical world with the
virtual one. AR applications are classified into two main
types – Marker-based AR and Markerless AR. Markerbased AR requires static image or photo that a user
scans with a mobile device camera to trigger prepared
content such as animations, 3D images or videos to
appear above the marker. Markerless AR applications
do not need a trigger image or photo; instead, the
user scans the surrounding environment such as
the floor or a table top to retrieve the AR content.
Pokemon Go is a notable example of a markerless AR
application. The e-sawit platform adopted the markerbased AR technology while e-cocoa is a markerless AR
application, as illustrated in Figure 5.

➢ Consolidated reports on sustainability compliance
(ASPCO Sustainability Index)
➢ Groups segmented according to sustainability
gaps
➢ Targeted trainings according to prioritized actions
➢ Progress reports on adoption of practices
➢ Opportunity to link with satellite monitoring info
➢ Impact measurement of trainings and investment

C.2. E-learning approach – Augmented Reality (AR)
Leveraging advances in digital technology, especially in
augmented reality (AR) and the increasing penetration
of mobile applications and smartphones into rural areas,
the International Finance Corporation collaborated
with MAGES Studio, Singapore to pilot the application
5

6

The development of the AR training platform was supported by the Korean-World Bank Partnership Facility (KWPF). The
e-cocoa platform was developed in collaboration with Olam Cocoa that is currently hosting the app on Google Play store.
https://www.merriam-webster.com/dictionary/augmented%20reality
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Figure 5. Marker-based AR application (e-sawit) and Markerless AR application (e-cocoa)

Expected benefits from the use of e-learning driven by
AR technology include
•

Greater Access to Quality Learning Content Reaching more farmers in a shorter span of time

•

Users can Access Content Anywhere Anytime With the availability of offline functionality and
large-scale mobile penetration

•

Lower Dependency on Face-to-Face Training Maximizing the number of smallholders being
trained in remote areas

With regard to AR modules of BMPs of oil palm, e-sawit
merges interactive e-learning content with engaging
videos and images with immersive augmented reality
using 3D models to enhance the learning experience.
It incorporates an interactive quiz to gauge learners’
understanding of the e-content. In the IFC pilot,
AR learning modules were developed for training
smallholders on manuring of oil palm and harvesting.
Use of the e-sawit application is illustrated in Fig. 6; a
demonstration video is available from this link: https://
drive.google.com/file/d/1AM5liJmht6vF8_RmVC7R-qrNkwd7Fyw/view?usp=sharing. The application
was made available for Android users on Google
Play store from September 2020 to June 20217 and

7

training-of-trainers (ToT) sessions were conducted for
the field assistants (FAs) in the four project locations
in September and October 2020 after which the
FAs introduced the AR app to smallholder groups.
Unfortunately, socialization of the app to individual
farmers was constrained by movement restrictions
during the Covid-19 pandemic.

C.3. Replacement or replanting with quality hybrid
materials - SureSawit SHELL
As reported in the IFC diagnostic study, the quality
of planting materials used in smallholdings in
Indonesia was generally poor, especially with regard
to independent smallholders, as shown in Table 1.
Only 50% of the smallholder plots have been planted
with hybrid tenera materials (a cross between dura
x pisifera type parents) while 20% were non-hybrid
materials (mainly the dura type) [IFC, 2013]. Baseline
surveys conducted in the IFC smallholder project
locations indicated that about 75% of the independent
smallholders did not know the origin of their planting
materials [Andi Wahyuni & Kukeawkasem, 2019]. Their
planting materials are usually sourced from local
nurseries and there is no certainty if the seedlings are

E-sawit is temporarily unavailable, pending agreement with a partner organization to host the app on Google.
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Table1: Quality of planting materials of independent smallholders (ISH) in Indonesia
Palm types in ISH plots
Mainly hybrid
Hybrid and non-hybrid
Mainly non-hybrid

Share of ISH plots
50%
30%
20%

Figure 6. Steps for using the Augmented Reality (AR) feature for e-sawit

authentic or if they are illegitimate seeds collected
from open-pollinated bunches, such materials are
often referred to (in jest) as Dibawah Pohon (Indonesia)
or Dibawah Pokok (Malaysia) for DxP, both terms
referring to seeds from under the tree.
Non-tenera contamination of planting materials in
independent nurseries is also high in Malaysia. DNA
testing conducted by MPOB on more than 10,000
seedlings from 57 sites showed that 10.9% were
non-tenera fruit types; 8.1% was attributed to dura
which has a thick shell and 2.8% to pisifiera which is
shell-less [Lakey et al, 2017]. The level of non-tenera
contamination is double that of Malaysia’s SIRIM
standard which stipulates a maximum level of 5% nontenera materials.
Considering that the tenera palms may be 30% higher
oil yield than dura palms [Lakey et al, 2017], a high nontenera contamination would have a serious impact on
the productivity and income of smallholders. Inferior
planting materials is a major contributing factor to
low productivity and about one-fifth of independent

smallholders in Indonesia may require replanting.
It is critical that only tenera materials are used in the
rejuvenation of smallholder plots.
Following the discovery of the shell gene of oil palm,
MPOB and Orion Biosains have developed a DNAbased diagnostic tool, called SureSawitTM SHELL (Fig.
7) to identify tenera, dura and pisifera fruit types of
seedlings at the nursery stage (Singh et al., 2021).
The early detection of non-tenera palms would
allow smallholders to use only tenera materials for
replanting and new planting. As the end customer, the
smallholder need not have to undertake the screening
of seedlings using the SHELL test kit as the identity of
the fruit type would be available from the QR code
of the sampling tag. The smallholder would have to
verify the authenticity of the material by scanning
the QR code with his smartphone and only accept
seedlings that have been identified as a tenera palm.
If this discipline is maintained, the smallholder can be
assured of planting the right oil palm type.
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Figure 7. SureSawitTM SHELL diagnostic tool for identifying palm fruit types

C.4. Fair, transparent and traceable upstream supply While various players along the supply chain, from
producers to end consumers have embraced the
chain for smallholders
Supply chain (SC) traceability is the process of recording
every transaction within a SC to monitor the chain of
custody. In the palm oil supply chain, it enables supply
chain actors and stakeholders to verify the source
of the oil palm product and how it is produced and
tracked along the supply chain, from the producer of
the FFB, CPO or refined oil until the end consumer.
Responding to market demands, many upstream
producers have put in place systems to ensure a
fully traceable and transparent palm oil supply chain;
many of these are powered by Blockchain technology
to provide an independent and immutable digital
ledger of all transactions along the supply chain.
Examples include the DIBIZ Digital Platform to capture
supply chain transactions and store the digitised
information in a private Blockchain [Unnithan, 2021]
and Solidaridad’s SOLI-TRACE system which has
been successfully implemented for the TRINITEA for
the sustainable tea supply chain in India [Solidaridad
Network Asia, 2022]. An overview of SOLI-TRACE is
available from this link: https://drive.google.com/
file/d/1lxotqy-2ZfmFQWnAupkrf-0WfdBTf7rB/view.
Recently, Unilever announced that it is piloting a new
Blockchain using the GreenToken by SAP to increase
the traceability and transparency in its global palm oil
supply chain. Although it is at the proof-of-concept
stage, Unilever had claimed that the new system will
be transformational for smallholder inclusion [Askew,
2022].
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need for a fully traceable end-to-end supply chain,
the first mile traceability for smallholders, especially
independent smallholders, remain a challenge. As
discussed in Section B, the upstream smallholder
supply chain is opaque and smallholders are largely
dependent on sub-agents and they have no control
over timing of harvesting of their FFB and pricing and
payment for quality. As they are not usually paid for
the quality of FFB, there is little financial motivation for
them to meet the traceability requirements of buyers.

To create a fairer and more transparent supply
chain, organizations such as DIBIZ and Solidaridad
have developed customised smallholder digital
applications, allowing farmers better access to
information such as records of their FFB production
and market prices of FFB and enables the smallholder
to schedule harvesting rounds and logistical
arrangements for delivery of the crop to the mill.
Smallholders will also be able to view details of quality
assessments of their FFB by the mill. An example of
how a smallholder app could contribute to better
transparency and inclusivity of smallholders is given
in Fig. 8. The smallholder is able to interact with
other players in the supply chain (truck drivers, mill
weighbridge, graders) through dedicated apps and all
transactions would be digitised and recorded in the
DIBIZ Digital Platform.

Malaysian Oil Science and Technology 2022 Vol. 31 No. 1 • Copyright MOSTA

IR 4.0 AGRICULTURE SOLUTIONS FOR OIL PALM SMALLHOLDERS

Figure 8. DIBIZ Smallholder Mobile App

C.5. Establishing legality of smallholders’ land In reality, verification of legal ownership or rights to
use the land by independent smallholders is a major
ownership - UAVs for Digital Mapping
Related to sustainability certification for smallholders,
it is necessary to verify the level of compliance of
smallholder farms with applicable requirements
with regard to legal compliance and social and
environmental performance. Criterion 2.1 of the RSPO
standard for independent smallholders requires that
smallholders have “legal or customary rights to use
the land in accordance with national and local laws,
and customary practices” (RSPO, 2019). Information
required includes GPS coordinates and polygon maps
indicating the location of the production area and farm
size and documentary evidence of ownership or right
to use the land. Legal ownership and actual location of
production areas are also fundamental requirements
for a traceable supply chain to verify the origin of
the FFB from smallholders. Further, smallholders
in Indonesia have to provide information on GPS
coordinates and farm size and the land’s location
relative to forest concession areas and peat areas (as
well as palm age and yield) for them to gain access to
the fund from the Indonesia Oil Palm Plantation Funds
Management Agency (BPDPKS) under their replanting
programme.

challenge and constraint to sustainability certification
of smallholders in Indonesia and other producing
countries. For example, less than 5% of the independent
smallholders under the IFC project had a formal land
title (Sertifikat Hak Milik) [Andi Wahyuni & Kukeawkasem,
2019]. Thus, there is an urgent need for smallholders
to have clearly defined maps of smallholder plots and
evidence of ownership to enable smallholders to gain
access to certification and provide proof of origin of
their production.
Current data collection and mapping by conventional
physical field visits are labour-intensive, time consuming
and costly. With technological advances, these tasks
can be done remotely with the use of Unmanned Aerial
Vehicles (UAVs), commonly known as ‘drones’. Use of
drones can improve the objectivity and accuracy of
monitoring. They can produce high resolution aerial
images to generate digitized information/maps which
could also provide information on the quality of the
smallholdings with regard to palm stands, incidence
of pests and diseases, evidence of encroachment into
peat and other protected areas etc.
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With the support of the Korean World Bank Partnership
Fund (KWPF), the International Finance Corporation
[KWPF, 2020] collaborated with PT TerraDrone
Indonesia from October 2019 to September 2020 to
evaluate the feasibility of using drone technology
to improve the compliance with environmental
sustainability standards especially with regard to
mapping of smallholder plots in six areas of interest
(AOI) in Rantau Prapat (North Sumatera) and Rokan
Hulu (Riau province) (Fig. 9). The fixed-wing Bramor
ppX drone fitted with a Sony A6000 camera was used
to capture images of 1800 independent stallholder
plots in six locations. The aerial mapping exercise
covered a total area of 15,000 hectares in 25 drone
flights over a 10-day period.
The activities included (1) aerial mapping of smallholder
plots, (2) image analysis and interpretation of the
image captured by the aerial mapping. The analysis
included information required for RSPO certification
and NDVI (Normailsed Surface Vegetation Index) score
of smallholders’ plots, (3) together with Field Assistants
(FAs) conducted ground truthing to verify the findings
on the images, (4) training of 30 FAs on (a) delineation
of coordinates and production of polygon maps of
smallholder farmers from the drone images; and (b)
interpretation and ground truthing of NDVI scores.

The main output was the Scorecard (Fig. 9) for each
smallholder plot; scorecards were produced for 1800
smallholder plots covering 2880 hectares in the 6 areas
of interest. Information provided include coordinates
and a polygon map of the plot, palm count, plot area,
estimate of average FFB yield/ha and NDVI values
indicating the health of the palms. Results of this
pilot project demonstrated that drone technology
can effectively provide remotely the relevant data
and information necessary to verify smallholders’
compliance with sustainability requirements,
particularly with regard to mapping of the smallholder
plots in an efficient and timely manner.

D. Adoption of IR 4.0 Agriculture Solutions by
Smallholders
Case examples discussed in the preceding section
demonstrate that many IR 4.0 agricultural solutions
are available for the digital transformation of oil palm
smallholders; some of these such as the Solidaridad
Agrolearning app and DIBIZ Smallholder Mobile app
can be readily adopted by individual smallholders in
possession of a smartphone while other technologies
such use of drones for mapping and crop management
would require more support, in terms of capacity

Figure 9. Drone mapping of six areas of interest with 1800 independent smallholder plots in Rantau Prapat
(North Sumatera) and Rokan Hulu (Riau province)
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building and technical and institutional support for
large scale adoption across the smallholder landscape.
In a comprehensive systematic scoping review
involving more than 7000 papers on digitally-enabled
agricultural services (DEAS), Porciello et al (2020) noted
that although mobile phones and other data-enabled
services have increased access to information and
benefitted millions of farmers worldwide, “many of the
promises of digitally-enabled agricultural services have
yet to be met. The pace at which digital technology
has been used in agriculture has been slower than
expected because of a number of underlying factors
that need to be in place before digital agriculture
can realize its full potential”. Some of the challenges
towards wider adoption of digital solutions include
access to smartphones, poor internet connectivity,
digital literacy and evolving data protection laws.
Access to Smartphones. In the scoping review of
DEAS, Porciello et al (2020) observed that mobile phone
penetration in Latin America was 68% and 55% of the
population had a phone that is data-enabled, followed
by the Asia Pacific region with 66% penetration and
44% data-enabled devices and the lowest was in Sub
Saharan Africa at 45% and 26% respectively. The level
of smartphone penetration among smallholders at
country level can be expected to vary considerably;
while it is relatively high in Colombia, it is quite
low for smallholders in Indonesia. For example,
less than 30% of more than 300,000 smallholders
participating in Kolitva’s FarmCloud platform have
access to a smartphone (www.koltiva.com). At the
Indonesian Sustainable Palm Oil Smallholders Forum
(FORTASBI) which has 10,120 families in 41 member
smallholder groups, only 25% of the smallholders
have a smartphone while 40% have ordinary (2G)
mobile phones with only SMS capability and the rest
do not own a phone [Rukaiyah Rafik, Fortasbi, pers
comm. 2022]. Thus, for smallholders to fully benefit
from digital technologies already available to them,
it is critical that they have access to smartphones.
Ideally, all smallholders should have smartphones
which have become increasingly affordable (Android
phones cost less than RM 370 or USD 85 each) and
have more powerful computing capabilities (Present
Android phones are powered by Android Version 10 or
higher operating systems which exceed the minimum
requirements for using many apps, such the IFC AR
training modules using Version 4.4 OS).

Telco companies could play a role in promoting better
access to smartphones. The poor penetration in rural
areas should present an opportunity for telcos to
expand their subscriber base in these areas and they
could encourage uptake of their digital services by
offering discounted prices of smartphones that are
tied to a subscription agreement.
Internet connectivity. Poor connectivity and quality
of internet services would constrain the application
of digital solutions in rural areas. For example,
implementation of Solidaridad’s mobile app, Bentang
Sawit, a self-assessment tool to prepare independent
smallholders in the Way Kanan area (an ecologically
sensitive area) in Lampung province in Indonesia
for ISPO certification was adversely affected by
poor internet connectivity. Almost 50% of the 1006
farmers participating in the project had no access
to the internet. While the availability of internet
access is largely dependent on the local mobile
service infrastructure, this problem could be partially
addressed if mobile applications are designed to
operate offline (after initial downloading of the app
on the farmers’ phones). For example, Solidaridad’s
Agrolearning app, IFC augmented reality apps and
DIBIZ smallholder mobile can operate offline. Data on
activities and transactions undertaken offline could be
seamlessly uploaded to the operator’s digital platform
(e.g., DIBIZ Digital Platform) when a local wireless
hotspot becomes available (such as at a palm oil mill).
Local WIFI hotspots can also be created by tethering
with smartphones with data connection or the use of
wireless access points, as in the case of Solidaridad’s
Agrolearning mobile classroom. (See Fig. 3).
Digital literacy. While observations in Indonesia and
Colombia show that farmers who are already using
smartphones have little difficulty in understanding
and using mobile applications, introduction of digital
solutions to farmers without smartphone experience
is a major challenge. Training in digital literacy
would be a prerequisite. For example, Solidaridad’s
Agrolearning curriculum includes seven modules on
digital literacy, including use of computers and mobile
devices. The RSPO can play a role in promoting digital
literacy by including this subject in the curriculum of
the Smallholder Trainers’ Academy.
In the transition towards adoption of digital solutions,
there is a need for continuing human support in using
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mobile applications. Porciello et al (2020) observed
that more than 50% of digitally-enabled agricultural
services (DEAS) feature some kind of human support
through a phone call or in-person support. Mobile
apps could include a Help Desk feature to respond to
enquiries via SMS, WhatsApp and email messages or
by phone calls. Moving forward, artificial intelligence
(AI) powered technical support in the form of Chatbots
or AR-enabled image recognition applications such as
Google Lens could facilitate uptake of digital solutions
by farmers.
A Chatbot or chatterbot is a software application
that simulates online conversations via text or voice
messages. Chatbots are commonly used to support
customer service or as virtual assistants such as Apple’s
Siri and Microsoft’s Cortana8. Solidaridad Network
Asia has developed its SOLIBOT chatbot to provide
technical assistance to farmers using Solidaridad digital
applications for 10 different agricultural commodities,
including oil palm (Fig. 10).
The learning experience of smallholders could be
enhanced if they can seek solutions to the field
problems from the app service provider by posting
images such an insect pest or a weed specimen and

answers could be provided by an AI powered app
such as the Google Lens9. An example of how an
image-recognition app driven by machine learning
algorithms can be used for identification of an insect
pest is shown in Fig. 11.
Solidaridad Network Asia has used the imagerecognition capability in their apps to assist farmers
to identify and solve pest problems in tea and mango
cultivation. Currently, it is working to integrate the
problem-solving features provided by SOLIBOT
and AR-enabled image recognition into a single
application.

E. Conclusion
“Whether we call it the fourth agricultural revolution,
smart farming, precision agriculture or Agriculture
4.0, digital technologies are transforming farming.
Mobile phones and other data-enabled services have
increased access to information, knowledge, financial
services, markets, and farm tools for millions of farmers
worldwide” Porciello et al (2020). While several IR 4.0
solutions are now available for oil palm smallholders
and more applications can be expected to become

Figure 10. Solidaridad Network Asia SOLIBOT

8
9

https://www.techtarget.com/searchcustomerexperience/definition/chatbot
https://www.analyticsinsight.net/know-how-google-lens-takes-over-the-world-with-augmented-reality/
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Figure 11. Illustration of the Use of Google Lens to identify an insect pest

available, poor smartphone penetration and limited
internet access in the rural areas are major challenges
for the digital transformation of the smallholder sector
that must be addressed.
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LAURICS, OLEOCHEMICALS
AND BIODIESEL
H. Sauthoff, N. Ellard and U.R. Unnithan
The Palm and Lauric Oils Conference and Exhibition
(POC 2022) was held from March 7 to 9, 2022. Although
this annual 33rd POC was a physical event, held at the
Shangri-la Hotel Kuala Lumpur, industry speakers from
overseas joined virtually except for James Fry from
LMC International. In this session Harald Sauthoff and
Norman Ellard joined virtually from Germany and the
US respectively. The Module on Laurics, Oleochemicals
and Biodiesel were by H Sauthoff, N Ellard and UR
Unnithan.

CNO at a discount. Supply/demand will only slowly get
more balanced.

OLEOCHEMICALS 2021-22. THE BEST OF TIMES AND THE
WORST OF TIMES
Norman Ellard
President, IP Specialities
Asia Pte Ltd

Abbreviations:
CAGR; CNO; HVO; MT; PKO; POGO.

LAURIC OILS - MARKET REVIEW AND OUTLOOK
Harald Sauthoff
Director & Board Member,
UIE Plc
For 2021 laurics showed
remarkable volatility with
CNO in a higher price band
having decoupled from palm kernel oil. The market
was marked by supply irregularities, supply chain
disruptions, demand volatility, extreme weather
events and contagious effects from other commodity
markets such as soy and corn. Customers’ strategy
took a shift from “just-in-time” to “just-in-case” and
CNO premiums were up to USD 300/MT.
The outlook for 2022 puts laurics in uncharted territory
with historical highs at the beginning of the year and
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2019 was a sane world where
‘just in time’ worked and
it was normal to ship around the world at sensible
freight and there was a worry of excess capacity in the
oleochemical industry.

The best of times
2020 could be described as “The best of times” because
despite the pandemic-causing demand destruction,
for oleochemicals demand accelerated. This is
because most oleochemicals go into cleaning/health
applications and most of its plants were designated as
essential to operate. So the $45 billion/year surfactants
business globally grew dramatically with a healthy 4+%
CAGR. Cost and availability have become a challenge.

The worst of times
In 2021 availability made it the worst of times with
Force Majeure becoming a way of life. Production has
been impacted during Covid due to enforced lower
running rate, lack of people to run the plant (and
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Figure 1. Freight rates escalated to record highs in 2021

harvest raw materials), lack of raw materials, climate
change (hurricanes, typhoons, freezes, droughts and
floods), plants experiencing more mechanical issues
and energy shutdowns, e.g. in China. This has resulted
in the lack of ability to deliver in a timely manner. The
“cost is king” approach to build production in places
distant from consumers did not serve the industry well.
A prime example is the location of much oleochemicals
production in SE Asia.

being built will not necessarily be fully supplied.
The global renewable diesel capacity is expected to
reach 14.63 million tons in 2024, growing at a CAGR of
21.33%, during 2020-2024. While, the global renewable
diesel demand is projected to reach 12.88 million tons,
increasing at a CAGR of 15.93%, during 2020-2024.

In 2021 it was also the worst of times for logistics to get
the material to the customer. Demand clearly exceeded
capacity with resultant increases in costs and reduced
performance. Waiting ships and containers were
not productive and in November 2021, 11.9% of the
world’s cargo shipping capacity were tied up in delays.
So costs have increased exponentially and freight cost
(see Fig.1) is now a large part of the cost of products
going to the Americas and Europe. With “just in time”
becoming impossible some are switching to “just in
case” and this led to increasing discussions on “Near
Sourcing” versus “Offshore Sourcing.”

C12-14 alcohol is the workhorse and fatty alcohol
plants run for this product. Whilst it has been balanced
in supply before the pandemic at 4% CAGR, the
pandemic has increased demand due to the increased
sensitivity to cleanliness. At the high price of PKO and
the not so high price of C12-14 alcohol it is impossible
for this cut to be profitable by itself. So co-products
have a role in helping profitability.

Costs are at or near to all time highs, creating some
never-seen-before pricing situations and supply has
taken over from cost as a key issue for the customer.
Fortunately, for oleochemicals this coincided with a
very healthy business with some restricted availability.
Unprecedented prices have been accepted but it
means high costs for consumer products. The question
is at what point does the consumer walk? balk?
Secondary raw materials such as tallow, UCO, fatty
acid distillates etc. have become tight with high prices
due to the increased demand for renewable diesel. As
these are limited in supply many of the current projects

Fatty alcohols

Fortunately, co-products are high in demand. C1618 is “tight” and its price exceeds that of C12-14 fatty
alcohol. C8-10 is very tight with the return of the need
for synthetic lubricants and a very strong demand
for MCT. Glycerine has also escalated in price – good
demand and availability impacted by biodiesel. If
biodiesel continues to be replaced by HVO, this will
continue to lower the availability of glycerine.

Fatty acids
Fatty acid prices reflect raw material market pricing
much more closely than fatty alcohols, remaining
high and volatile. Light cut demand is high and today
they are a large part of fatty acid profitability. Stearics
and palmitics are long in SE Asia as the same cuts are
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available closer to North America and Europe with a
freight advantage. Tallow has been tight and helped
to keep palm fatty acid competitive. Oleic acid is in
very short supply. How high the palm oil prices are will
determine how much tallow and oleic acid demand
there will be.

Market dynamics
We have seen dynamic and high pricing before. This
time it does not affect oleochemicals only. This has
helped the acceptance of high priced product as
availability is key and potential substitutes are also
high priced and unavailable. This is particularly true in
glycerine. In the past when prices were high there were
substitutes like propylene glycol and other polyols but
these are now tight and expensive.

Customer needs
Covid has changed the consumer as work at home
has changed pattern demands. It has also heightened
awareness of the fragile environmental situation we
are in globally. Sustainability and safety has become
more important to the customer. These trends are
emerging:
• demand for biosurfactants
• a sulfate free trend
• environmentally friendly products
• perception that palm-free has been perpetuated
as environmentally friendly position connotation in
the West.

Impacts of Supply Chain Issues
In the past in oleochemicals it used to be important
to be a low cost producer. Today to be able to ship
on time to the customer at reasonable costs is more
important. So for the first time a local producer might
be preferred:
• some plants are so backed up, they are cutting
production
• some customers are scrambling for alternate
products/formulation’
• some suppliers have stopped shipping certain
modes e.g. isotainers
• SEA has lost its advantage to be a global supplier of
oleochemicals unless in bulk.
There are now serious discussions on future supply
patterns and product alternatives.

Sustainability
Consumers are now responding more to environmental
needs and bio-friendly materials. Most natural
oleochemicals are bio-friendly. Unfortunately, not
all derivatives are. In personal care the hunt is on for
alternatives to alcohol sulphates.
Water usage will continue to be an issue and will drive
formulations:
• technology has advanced in laundry with new high
efficiency machines
• technology has advanced in detergents with cold
water washing

The palm issue
Unfortunately, perception is reality and palm has been
tagged as being detrimental to the environment. The
recent issues with the US customs regarding human
rights has not helped. The world needs palm oil,
both as a food and as raw material for oleochemicals.
When major customers ask for palm-free approaches
to surfactants it is difficult but tomorrow might be
a different story. RSPO material helps but is in high
demand, insufficient and slightly more expensive.
Ellard hopes that palm producing areas can address
these issues aggressively to become a valued product
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again. It is an essential ingredient if you want to
‘go natural.’

• consumer products remain large consumers of
water.

Impacts
Inflation is here to stay and could be even worse
than what we have seen before. With the workforce
companies have to improve salaries and work
conditions. Supply will be key but there will be a
limit as to how far we can stretch the consumer on
price before they just don’t buy. All this will generate
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intense research on new products, new raw material
ingredients and new technologies.
The bottlenecks locking down supply chains around
the world are starting to choke off economic recovery
in some regions. Labor shortages are adding to the
disconnect, and some countries already are showing
signs of economic contraction heading into the critical
fourth quarter. Around the world, sectors from mining
to the automotive business are struggling to find parts
and workers.
Important issues for the future:
• supply will be more important than price
• demand for bio-surfactants will alter the base – fatty
acids, methyl esters or fatty alcohols?
• what new raw materials, more local than global?
Soybean surfactants? Alkyl chains not from natural
oils? Biomass/waste materials? Fermentation?
• should customers or suppliers own more of the
supply chain?
• customers are demanding near sourced materials
• how do we live with Covid?

SUSTAINABILITY AUTHENTICATION & OUTLOOK FOR
PALM BIODIESEL
U.R. Unnithan
Co-Founder & CEO, DIBIZ
Group
World biodiesel consumption
will remain flat till 2030 with
demand in the US increasing but decreasing in EU.
Indonesia will maintain its biodiesel mandate of B30
whilst Malaysia is expected to move to B20 this year.
The high CPO-GO spread of the last few months
had made biodiesel upgrade expensive to sustain.
Indonesia biodiesel production and domestic usage
is expected to rise to 9.2 mil kiloliters in 2021 with a
slight increase in forecast for 2022. Biodiesel subsidy
payment is expected to rise to over US$2.60 billion in
2021.
In Malaysia biodiesel production is expected to be
1,000,000 MT in 2021 with 700,000 MT consumed

locally. Biodiesel exports will see another year of
reduction in 2022 to reach the lowest in 5 years from
increasing pursuit of de-carbon agenda in the E.U and
persistent CPO-GO price disadvantage. At B20+B7
(Transport + Industry) there will be a GHG savings of
3.88 million MT CO2 eq/yr. Malaysia Used Cooking
Oil (UCO) 2021 exports reached 625,110 tons largely
destined to the E.U. 2022 exports are projected to rise
to 720,000 or up 16% from 2021.
As the Delegated Act targets only palm oil share of
palm oil used as biodiesel, feedstock in EU will decline.
Hydrotreated Vegetable Oil (HVO) global capacity will
grow from 2017- 4.75 M MT grow to 6.8 M MT in 4 years.
The session chair Session Chair Puan Wan Aishah Wan
Hamid, Chief Executive Officer, Malaysian Palm Oil
Council (MPOC) conducted the Q&A session.
Sauthoff: CPKO price premium over CNO in the supply
chain is due to RSPO MB PKO being unavailable and
substitution with CNO is not occurring as much. This
discount may continue for some time.
Ellard: Lower quality oil such as sludge and PFAD can
be used for oleochemicals but it will result in lower
quality products. The prime surfactant industry looks
for high quality fatty acids and fatty alcohols so lower
quality oil may not be mainstream.
Unnithan: Waste oil has impurities that need to be
removed as it affects the final biodiesel quality. Not
all waste oil can meet without pretreatment the 24
parameters of EN 14214 for biodiesel. For a different
market like HVO, pretreatment is also required. In
the EU there is a double tax credit that includes used
cooking oil (UCO) and POME oil. EU is moving away
from palm and they need to scrutinize what is coming
in to fill the void is truly waste and not regular oils.
Indonesia should stay on the blending mandate
of 30% for biodiesel until the POGO can justify the
increase in the mandate. For Malaysia there is no issue
on the supply side to move from B10 to B20 as we have
a capacity of 2.4 million tonnes. However, blending
facilities need to be upgraded. The government may
hesitate due to the capex needed and POGO but
carbon tax can help justify B20.
Report by Ir. Qua Kiat Seng
Senior Lecturer, Monash University Malaysia
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A MOLECULAR WALK DOWNSTREAM
TO SPECIALITIES, OLEOCHEMICALS
AND BIOFUELS
Cheng Sit Foon
Universiti Malaya

Introduction
Palm oil was in the limelight during the 2022-post
pandemic food-oil crisis exacerbated by sanctions
affecting sunflower oil, wheat and fertilizers following
the Ukraine-Russian war. Record prices for vegetable
oils and other foods have raised concerns of a global
food crisis and possible famines leading to political
unrest and mass migrations [Chowdhury & Sundaram,
2022]. Palm oil has always suffered from unfair trade
practices and continual bad media reports, yet the
oil palm’s production of calories is unsurpassed by
any other plant crop. At an average yield of 4 tonnes/
ha/yr energy concentrated as oil, only Brazilian cane
sugar in weight yields can be comparable but with
carbohydrate accounting as half in energy density.
Corn and potato yields can be comparable for selected
farms but carbohydrate is much less energy dense
as this is important in choice for use in fuels. It is the
shortage of vegetable oils worldwide in 2022 that
palm oil was a ready and reliable substitute leading to
a shortage and rare premium price over soyaoil. Most
of the properties of palm oil (high oxidative stability,
chemical composition, cost effectiveness, ready
availability), make it to be of high demand. Further,
palmitic acid (Fig. 1) is the major fatty acid desired for
infant formula and it was a time of this shortage in the
US. For decades, palmitic acid (P) from palm oil has
been processed with oleic acid (O) to OPO triglyceride
for use in infant formula, required for easy palmitate
bioavailability for growing children. OPO can be made
from PPP of palm stearin and reacted with oleate esters
52
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or oleic acid catalyzed by 1,3-specific lipase. Whereas
saturated fatty acid has previously been singled out
for raising blood cholesterol, it is now recognized that
it is only beta-saturation in triacylglycerols especially
from animal fats and meat (but not plant oils) that
raises cholesterol. Previous manufacturers which
have benefitted by being critical of palm oil with “nopalm” oil labels now regretted and have reverted to
use the indispensable vegetable oil used in hundreds
of essential products found in supermarkets. Palm oil
with highly balanced fatty acid composition and a high
degree of structuredness in the triacylglycerols, is now
recognized as a highly nutritive oil loaded with lipidsoluble vitamins. Pro-vitamin A content is in alphaand beta-carotenes (Fig. 1); high quality red palm oil
is minimally processed at lower temperature so as not
to destroy the carotenoids. Palm oil is also unique to
contain high amounts of tocotrienols (Fig. 1) which not
only function as antioxidant vitamin E but also provide
a range of beneficial biomedical properties which
many consumers point out as the unique feature
towards the high quality of palm oil.
Tocotrienols are indeed being evaluated clinically for
neuroprotective properties (stroke, dementia, etc) and
a multiplicity of potential beneficial medical effects
from the antioxidant and anti-inflammatory activities.
Water-soluble antioxidants are also produced by the
oil palm fruit and these phenolics include simple
phenolics as well as the novel shikimic acid caffeoyl
esters (Fig. 2) but these are not yet fully exploited for
their chemical and stereochemical potential.
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Figure 1. Triacylglycerols, carotenes, vitamin E tocotrienols, shikimic acid esters & major fatty acids
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Nutrition and Triacylglycerols of Palm Oil
Palm oil in nutrition has been much misunderstood
because of its relatively high content of saturated fatty
acids (Figs. 1 - 3) [Qua, 2020; Goh, 1999; Goh, 2022].
However, palm oil is constituted by beta-unsaturated
(or sn-2) fatty acids which do not raise LDL cholesterol,
so that palm oil was found to be comparable to virgin
olive oil as published in many randomised controlled
clinical trials in China and Australia [Cheng et al, 2019;
Stonehouse et al, 2019].
The new reality shows the recognition that palm oil is
the most important as well as the major contributor to
the world’s total oils and fats complex and the recent
disruption of the sun oil supplies from Ukraine/Russia
has exposed many concerns especially of palmitate oil
shortage. The world’s biggest supplier has just woken
up to the ungrateful consumers as Indonesia has
contributed land and labour to supply so much of the
cheapest oil to the world. The domestic shortage of this
oil in Indonesia at affordable prices seems like a cruel
feedback loop from a free market of high prices and so
a temporary export ban of palm oil was imposed. The
big consuming manufacturers reacted with the usual
arrogance to financing projects to find alternatives to
palm oil [Sia et al]. This is not new as previously a similar
move had been made for finding a lauric oil alternative
specifically targeting palm kernel oil. That of course
led to the developing a GMO soybean lauric oil but
this was a disaster in economic terms. A GMO palmiticrich leaf oil is available but has not been economically
planted in scale. Oil palm yields, although regrettably
stagnant for years at about 4 MT/ha in Malaysia but
replanting and technological advances may surprise
as some present estates can already provide 6-8 MT/ha
and targeting a carbon-negative, sustainable circular
economy in the future. Planting materials with yields
as high as 13MT/ha are available.
Going back to nutrition, it is palm kernel oil that can
supply MCTs in scale, requiring medium chain C8 fatty
acids. Speciality confectionery fats are also provided by
PKO fractions, including removing oleic unsaturation
by total hydrogenation, as linear straight chains (Fig.2)
pack and crystallize well. Cocoa butter equivalents
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are from POP crystals from fractionation of palm oil.
Other countries may resort to interesterification using
blending of local oils with palm to provide crystalizable
triacylglycerol molecules or just for solid fats.
Structured
Triacylglycerols
have
been
conceptualized and available for some time. It has
been known that the obesity epidemic has been
the result of over consumption of calories coming
from two main sources - sugars including all types of
carbohydrates and fats. Knowing the mechanism of
enzymatic hydrolysis and absorption of fatty acids,
it has been able to design triacylglycerols to limit fat
contribution. Earlier MCTs have been alluded to as
short and medium chain triacylglycerols (Fig. 2) can be
hydrolysed by gastric and even lingual lipases making
them easy to be taken up early by the body and yet
provide satiety feelings.
MCTs have also an important function as the fatty
acids can enter the brain and function to provide brain
fuel (energy) especially in case of insulin resistance
and glucose imbalance. Short and medium chain
fatty acids also provide rapid supply of energy such
as needed in sports so that short and medium chain
triglycerides can be incorporated in drinks apart from
glucose. On the other hand for anti-obesity fats, e.g.
S2:0S triglyceride can be made which function as fat
but has the stearic acid molecules not absorbed while
only a low-calorie, sn-2 fatty acid, (2:0), in enzymedigested MAG is absorbed. This would seem like an
extreme case when it was seen (described above) that
palm olein has only one third of the fatty acids (oleic
and linoleic at the sn-2 positions) being bioavailable
while sn-1 & -3 palmitic acids were not absorbed.
Emulsifiers. Food and culinary art is quite complex.
Lipids natural or processed can come to play to bring
all the food ingredients together. Diglycerides and
monoglycerides have alcohol groups as hydrophilic
part and the fatty acid chain as the lipid part.
Sophisticated emulsifiers for food creams can readily
be made from tartaric and lactic acids which have
multifunctional groups, e.g. diacetyl tartaric acid esters
of monoglycerides & diglycerides; or lactic acid esters
of monoglyceride (Fig. 2).
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Figure 2. Fatty acid esters of glycerol, sugars, lactic acid and tartaric acid

Oleochemicals. As vege oils became widely available
fatty acids became cheap by-products from refining.
With the rapid growth of palm oil, oleochemical
supplier markets shifted rapidly to S. E. Asia and has
remained so even when in recent years of dropping
petroleum prices as fracking oil even spiked negatively
for one day when producers competed for market
share. However, there were no capital investments
to try to compete with the natural oleochemical
producers now in Asia.
Oleochemicals are much used for the surfactant
and detergent industry. Traditional soaps are simple

carboxylic acid salts of sodium and potassium. Simple
alkoxy sulphates are also among the earliest anionic
surfactants. Alcohols and ethoxylates from ethylene
oxide reactions provide a range of alcohols which
dominate the detergent market. With the rise of
FAME for biodiesel, sulphonation of esters provides
alpha-sulpho methyl esters as environmental friendly
surfactants to replace the petrochemical-based
branched and linear alkyl benzene sulphonates.
Cationic surfactants were developed from amine basic
oleochemicals as quaternary ammonium ion salts
(Fig.3).
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Figure 3. Basic oleochemicals of C12:0, C16:0, C18:1 and C18:2

Non-ionic and Biosurfactants. Sugar esters provide
non-ionic surfactant (Fig. 4). With the need to provide
pure esters to prevent potential allergens due to
impurities, and for mild, non-irritant surfactants for
more exacting pharmaceutical uses, enzymatic and
microbial methods have been employed to meet high
purity product requirements without side products
required in new skin and body-care products. Enzymes
sometimes can provide clean direct ester conversions
of sugar molecules and amino acids providing new
ranges of surfactants (Fig. 4). CPO containing FFA can
be esterifed by enzymes directly and efficiently while
chemical methods will need at least two steps. The
search for mild surfactants (rhamnolipids) have also
seen microbial sources for supply.

Biofuels, HVO and SAF
The The progress of human civilization has been
brought about by industrialization enpowered by fossil
fuels, first by coal and then oil and gas. All seemed well
until it was definitely deduced that global warming
had started since the industrial revolution and the
presently observed climate extremes of drought and
forest fires or excessive precipitations were the result
of build-up of GHG gases (CO2, CH4, N2O and CFCs) all of
which are anthropogenic in nature. Of more concern is
that the temperature rise had been gradual for the last
century but of late has been rising relatively rapidly. So
the mitigation process has been imperative to keep
the rise of temperature limit at 1.5°C by halving the
global GHG emissions by 2030 (Paris agreement) and
to be net-zero in 2050. If not, life on the planet will be
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decimated with rising sea levels, drought or flooding
in tropical areas. All governments and business
corporates are to participate in mitigating the rise in
temperature by reducing use of fossil fuels or using
alternative renewable energies. While EVs can be
expected in the future to run on batteries, presently
only less than 1% of them are on the roads and it will
take years (perhaps by 2030) before they dominate
road transport. Then there will still be the massive
marine transportation need and the expected increase
for aviation fuel for airplanes.
Biofuels can be used directly to replace petroleumderived transportation fuels; the first generation of
biofuels have seen biodiesel as fatty acid methyl esters
(FAME) replacing petroleum diesel and bioethanol
from fermentation of carbohydrates, replacing gasoline
or petrol (Figs. 5 & 6). Both biodiesel and bioethanol
are to be blended with the petroleum fuels as they
are chemically different. Towards chemically identical
hydrocarbons as in petroleum fuels, hydroprocessing
of vegeoils can provide linear hydrocarbons and further
catalytic treatment provides isoalkanes or branched
alkanes as well as cycloalkanes and aromatics (Figs. 5
& 6). Suitable and similar compositions of mixtures of
n-alkanes, isoalkanes, cycloalkanes and aromatics can
then provide “drop-in” biofuels to the presently used
petrol and diesel pumps without any changes. In a way
a HVO refinery can provide distillation cuts to provide
for the 3 major types of hydrocarbon fuels of different
carbon chain numbers and lengths.
Drop-in SAF. Jet-air travel has presented a serious
problem for GHG reduction as there cannot be
battery replacement for the whole fleet of jet aircraft
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Figure 4. Cellulosic sugars and lignin from cellulose and lignocellulose
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in use presently. The only rational option is to find
alternative renewable biofuels to replace jet fuel. Jet
fuel is more demanding as operation at high altitudes
and low temperatures will require more precise
chemical constituents for demanding operationality
and chemical and physical qualities. Jet fuel uses the
C15 range of hydrocarbons – n-alkanes, isoalkanes,
cycloalkanes and aromatics. HVO from used cooking
oil, waste oils or other technical oils unsuitable
for food or feed can be sustainable raw materials.
Sustainably grown vege-oils such as palm oil certified
by CSPO, RSPO and MSPO schemes are suitable for SAF
preparation. Palm-based HVO and SAF can provide GHG
savings of >60%. Drop-in SAF composition typically
consists of about 33%isoalkanes, 20%n-alkanes, 26%
cycloalkanes and 20% aromatics [Choo, 2022]. The
n-alkanes by themselves do not have sufficiently
low freezing points although the energy density is
high. The isoalkanes, cycloalkanes have high energy
density and importantly low freezing temperatures.
Aromatics are of lower energy density but burn with
black smoke and are can be lessened in use but they
curiously are needed for swelling properties for ball
bearing parts. Alternative feedstocks from vege-oils
can also be from Fischer-Tropsch synthesis from syn
gas from lignocellulose or other biomass pyrolysis (Fig.
5). Bioethanol can be dehydrated to ethylene which
then can be oligomerised to alkanes then further
catalytically transformed to isoalkanes, cyclic alkanes
and aromatics.

Towards greater diversity in sources of chemical
resources there will always the need for new innovations
to process available resource materials. Glycerol, once
available cheaply from the widespread use of FAME in
biodiesel, is now not just for pharmaceuticals but can
provide chloropropandiol (MCPD) for the chemical
industry when once this was also the dreaded trace
contaminant in the physical refining of vegetable
oils. Glycerol can also provide green propanediols
and polyols that can be used in bulk for the
polymer industry.
HVO technology however provides propane
CH3CH2CH3 that can function as renewable fuel;
propane engines have to be modernized for improved
efficiency. Olefin metathesis can also be exploited to
provide a new range of chemicals for the oleochemical
market (Fig. 6.). Oleate esters can provide difunctional
derivatives. Simple long chain esters and diesters
are useful as biodegradable lubricants and greases.
Metathesis with ethene and terminal olefins can lead
to functional alpha olefins. Older technology such
as epoxidation can provide useful multifunctional
hydrocarbons while selective epoxidation and
hydrogenation on polyunsaturated lipid esters are yet
to be developed. The search for more metabolically and
stereochemically selective bioactive compounds have
led to development of selective partial hydrogenation
of tocotrienols (Fig. 6).

Figure 5. Sustainably derived energy molecules from renewable oils and bioproducts
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Figure 6. Polyols, propandiols, Oleate-Olefin metathesis, epoxidation & potential selective partial hydrogenation
derivatives (α-T1 & α-T2) of α-Tocotrienol

Sustainable Biofuels. The advances of biofuels have
been remarkable since it was once remarked that
biomass may be able to replace mankind’s dependence
on fossil fuels, as both are photosynthetic storage
materials. Much of the present available bioethanol,
biodiesel, HVO and SAF has been due to technological
progress as photovoltaic efficiency has surpassed
the photosynthetic efficiency. New technologies are
providing necessary inputs – AI, robotics, genomic
editing, synthetic biology, etc to complement known
technologies. While the economics may not be viable
now, overall in combination renewable bioenergy is
now technically available at a time when it is needed
to mitigate climate change. Hydrocarbons from
lipids are now available to be transformed to fossillike hydrocarbons using available technology while
biomass can be broken down to CO, methane and
ethanol to be used a starting materials for larger
molecules for energy and materials. All these are
theoretically available and achievable where conditions
are favourable while on the whole economic viability

is presently not achievable. In site-specific situations,
there may be renewable supplies of energy available
together with biomass or sustainable agriculture
providing needed supplies. The humble oil palm can
already supply hydrocarbons competitively against
crude oil especially with rising prices in an era of food
and energy crises. It may be expected that other
engineered crops or biotechnological process can also
come about to provide another source of renewable
bioenergy. The present race against climate change
may however be too optimistic and perhaps too soon
in expectations.
Climate conundrum. It seems that climate change
has been generally accepted and the only solution is
to transition to renewal energies from solar directly
or indirectly. It is of course very encouraging that
something credible is happening to mitigate the
horrors of climate extremes which seem to be
increasing in frequency and intensity. Everything
seems to be in order as costs of solar energy (wind
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and photovoltaic) has reached the inflection point in
2020 of being competitive and economically viable in
comparison with fossil oil. EVs will be 60% in 2040 but
that is the future for developed nations. So among the
developed countries it is imperative to invest in solar
cells and latest batteries to transition away from fossil
energies. This apparently works well for the developed
economies of perhaps only 800 million people who
can afford the capital costs and infrastructure.
The US, Europe, China, Japan, S. Korea and Singapore
may expect EVs to replace most of the polluting petrol/
diesel engines after 2030 but the rest of humanity (7
billion) are not ready or can afford this. It is also not
possible that the planet’s resources can be able to
quickly support the ten times more of the EVs and
infrastructure needed even if they can afford them.
Note also the reality that 1.2 billion people of the
world do not even have access to electricity. It is
even clear that less advanced countries are already
feeling the problems of shortage of energy from the
traditional fossil sources (coal, oil and gas) because of
commitment to climate objectives.
Although climate change is imminent and already
being observed, the world may not be ready to
completely switch over immediately to renewables.
Europe has committed to use natural gas although
supposedly as a temporary gap in this (methane)
as a lesser of GHG evils. EU countries’ economies
are suffering from high costs now Russian gas has
been sanctioned. The rest of the world have also to
face rising prices of gas due to supply shortages and
infrastructure development. The US can be renewable
energy independent but apparently had underinvested
or investments prevented by ESG regulations to
resume their fracking technologies to increase the
needed supplies. It is predicted that oil prices will
follow rising gas prices due to underinvestment in
new productions. Historically in the last 3 decades
oil price band correlate with vegetable oil prices due
to biofuels especially biodiesel. Even in a limited way
biodiesel whether as FAME or HVO and SAF will have a
life of its own to keep up with humanity’s dependence
of stored photosynthetic energy.
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Conclusions
The world again faces serious challenges – climate
change, inflation in food and fuels and sudden
unpredictable disruptions of supply chains by
geopolitical sanctions and pandemics, so that whatever
resources especially oils and fats need to be amassed
for use through available science and technology to
solve the imminent and emerging problems for food,
feed and energy for the continuation and peaceful
progress of human civilization. Dependence on proven
agricultural resources remain of crucial importance
for the sustainance of all humanity. As usable land on
planet earth is limited, production has to be stretched
to limits using available resources including latest
advances in science and technology. Biotechnology
including genomic editing technology in combination
with technological advances in mechanization and
robotics will be needed to improve efficiencies and
yields towards theoretical limits. The oil palm will
be pressed to provide higher yields of quality oil to
provide food and feed calories and be part of the
solution of sustainable renewable energy in the global
effort to limit climate change temperature to 1.5°C.
The provision of food calories is not limited to just
providing the macronutrients as sustainable and
culinary indulgences require continual innovations in
the art and science of culinary presentations of oils
and fats into various functional forms. Apart from
food products for pharmaceutical supplements, skincare and body-care products have to be continually
innovated and in scaled-up quantities. Even as palm
oil can provide suitable bulk chemical constituents
practical commercial processing need to maximized
for uses in speciality health supplements such as
vitamins and supplements, range of food products,
by-products for feed, technical quality oils for a wide
range of oleochemical products and then biodiesel
and biofuels using used cooking oils and oils unsuitable
for food or feed. Hydroprocessed vegetable oils (HVO)
can provide fractions that can be compatible with C8
fraction - gasoline (petrol) or C18 fraction – diesel and
C15 fraction – jet fuel. Suitable compositions of linear
and branched alkanes with a little of aromatics can
provide required functionality for drop-in fuels.
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Sustainable aviation fuel (SAF) for use in jet planes
are the most demanding in chemical constitution
requiring high energy density, low freezing points
and flow characteristics and even ensuring sufficient
aromatic oil absorption for ball bearings. All these
conditions can be met with SAF from used cooking oil
or technical grades of palm oil. Sustainable palm oil
has long been available as over the years as exports
have been made to meet the stringent regulations
of EU importers. The need for vegeoils for food, feed,
oleochemicals and biofuels is large so that chemical
innovations continually need to be made to improve
processes for lowering costs. Many incremental
advances are possible in chemical innovations,
biological methods using enzymes and microbial
methods. New approaches in synthetic biology needs
to be explored for making use of available resources
including wastes such as biomass or food wastes.

even as biofuels and renewable energy seems viable,
it it still a time that the world is not ready to abruptly
transition away from fossil fuels at a time of imminent
food and energy crises.

On the optimistic side yields of palm oil is still far
from the possible theoretical yield and even high
yields from new planting materials capable of 1214 MT/ha/yr have not been translated to reality in
replanting efforts. Genomic editing and synthetic
biology have yet to be fully exploited to increase yields
and provide more types of bioresources for energy.
The past millennium progress of human civilization
had depended on photosynthetically derived fossil
fuels, the new millennium progress will also have to
depend on improved solar-derived energy whether
more efficient photosynthetic plants or else highly
efficient photovoltaic energy harvesting. With so
much discussed and optimism in dealing with climate
change, the reality is that the time may be premature as

Chowdhury A and Sundaram JK (2022) Global: Sanctions as
weapons of Mass Starvation? MOST, This issue
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SATURATED FATS REVISITED: A CRISIS OF
PALMITIC ACID SHORTAGE?

SH Goh
MOSTA & UTAR

Introduction
Oils and fats supplied to the world have undergone
many changes over the years in keeping to the
nutritional needs of the increasing populations. In
general, production of all foods have benefited from
scientific advances and successfully kept ahead of
population growth, until very recently. For years there
has been an abundance in food crops inclusive of
vegetable oils such that an obesity epidemic is found
in almost all developed countries as well as emerging
economies. By 2021, ominous signs had emerged due
to increasing protectionism, de-globalisation and
supply chain disruption from the Covid pandemic,
all of which affect agriculture and supplies of food
resulting in soaring prices. Increasing prices were
already anticipated from unabated money supply from
the US but it was sanctions against Russia following
the Ukraine conflict, that finally created a crisis in
wheat and sunflower oil supplies (on top of essential
fertilizers) to the world. The abrupt loss of sunflower
supply when combined to the almost zero-growth of
palm oil expansion, led to an acute shortage of oils and
fats leading to record prices for all oils and fats. The
market remains extremely volatile under an uncertain
geopolitical climate where food has been mentioned
to be used as a weapon.
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The highly functional and nutritious palm and kernel
oils have particularly seen greatest demand and some
manufacturers have regretted over all the palmfree disinformation against the oil palm. Palm oil still
remains the most widely used oil in the world for
numerous reasons: meeting varied nutritional needs,
providing healthy lipidemic profiles, high in vitamin-E
tocotrienols, highly functional, cost-effective (high
yield), excellent thermal and oxidative stability, lowest
carbon footprint, and ready availability in quantity.
What grabbed the headlines was an acute shortage
of infant formula in the US (with as many as 70%
of stores in US out-of-stock), apparently from the
shutdown of one manufacturer. If palm oil was to be
used for other purposes due to the general shortage
of oils and fats, there will be a consequential serious
shortage of palmitic acid which is a key ingredient
of infant nutrition. For a long time, triacylglycerols
or triglycerides of the type OPO and related species
OPL, derived from palm oil were supplied as key
components of infant formulae. Older sources of
palmitic fats are from animals such as from milk and
lard were already in short supply as cattle farming is
land intensive, needs subsidies and cause the highest
GHG emitter in agriculture, and will likely to be reduced
over the long term. It seems the world needs more
palmitic fats but since SE Asia has been discouraged to
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expand production but only to increase yields further,
perhaps new entrants such as India can start its much
sought-after palm forestation while China may grow
its temperate palms to supplement global demand.
Abbreviations: AOCS = American Oil Chemists’ Society; CHD =
coronary heart disease; CPO = crude palm oil; CVD = cardiovascular

consumption of coconut and palm oils in moderation
do not raise lipid cholesterol. But it was the Australian
scientist, Truswell, [Choudhury et al, 1995] who first
provided comparative studies showing in conclusive
human trials that palm olein is as good as virgin olive
oil and other high oleic vegetable oils.

disease; CSPO = certified sustainable palm oil; DFO = deep
frying oil; DHA = docosahexaenoic acid; EPA = eicosapentaenoic
acid; EV = electric vehicle; GE = glycidol ester; GM = genetic
modified;

L = linoleic 18:2; M = myristic 14:0; 3-MCPDE =

3-monochloropropandiol ester; MSPO = Malaysian Sustainable
Palm Oil; NDPE = no deforestation, no peat/people exploitation;
O = oleic 18:1; OO = olive oil; P = palmitic 16:0; RSPO = round-table
on sustainable palm oil; S = stearic 18:0; SBO = soybean oil; SF =
sautee or stir-frying oil; USDA = US Department of Agriculture

Saturated Fats in Nutrition
One of the unfortunate events in the history of
nutrition of oils and fats has been in the demonization
of saturated fats due to misinformation based from
“cherry-picked” data when the true cause is simply trade
protectionism. The so-called 7-country study (actually
6) had picked 7-data points which depict cholesterol
raising (positive correlation; also of CHD correlation)
from saturated fats of European countries consuming
fats from animal sources. France was omitted as
the data provides negative correlation and became
known as the French paradox. Many amusing reasons
had been given, such as the enjoyment of wine and
a stress-less lifestyle but it was not reasoned out that
France had forbidden hydrogenation of vegetable oils
(which gave trans-fats) and that palm oil was available.
Now, it is known that trans fats are detrimental to
health and that saturated fat data used were for long
chain saturated acids consumed mainly of animal
origin. Unbalanced diets are likely deficient in various
nutrients including antioxidant and anti-inflammatory
constituents and CHD mortality is not just simply due
to high low density cholesterol (“bad” LDL cholesterol)
but that small dense LDL is causative of cardiovascular
disease. The Israeli paradox is also known where
consumption of polyunsaturated fats correlated with
high mortality but overall with the consideration of a
large number of nations, a weak negative correlation
has actually been found for saturated fats. Of course,
it has long been known from Malaysian scientists that

Digestion and Absorption of Fats
Malaysian scientists had earlier shown in human trials
that coconut and palm oils were nutritious and do not
raise cholesterol with moderate consumption. With
Western controlled media diet condemning saturated
fats, Truswell’s surprised findings in human trials that
palm olein had comparable or even better blood lipid
profiles to extra-virgin olive oil and other high-oleic
vegetable oils. Meanwhile, consumers suffered anxiety
due to continued disinformation and propaganda
mainly from the US (which imports less than 1% of
palm oil at that point of time) to protect the soybean
industry. Media diet influences only serve to make
business wealthy and if consumers become healthy it
is accidental. In fact, there were serious problems with
their plea for polyunsaturated fat consumption – much
of such fats consumed were partially hydrogenated to
be useful, e.g. margarine and spreads. Trans-fats turned
out to be worse than saturated fats apart from known
inflammatory effects of polyunsaturated oils. Also,
their consumption of animal fats especially from dairy
or invisible fats in meats are highly beta-saturated
triglyceride fats (as detailed below).
The explanation of the nutritional qualities (especially
low cholesterolemic effects) of palm oil despite its
relative high saturation was finally provided in 1999
[Goh, 1999]. Consumers can have a sigh of relief. It is
also especially revealing considering that a country
like Singapore had opted (unwisely) to recommend
polyunsaturated oils over locally available palm olein
– the result has been obvious that commonly fried
foods from Singapore tends to be rancid to discerning
Malaysian palates. Fig. 1 summarises the mechanism of
digestion and absorption of fats which are triglycerides
or triacylglycerols undergoing enzymatic lipase
hydrolysis. This scheme finally appears in the AOCS
magazine INFORM [INFORM, April & May 2022] after
more than two decades.
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Figure 1. Summary illustration of the digestion and absorption of oils and fats (sn = stereospecific numbering)

It was not just consumers
who are relieved about
palm oil’s nutrition quality
and safety despite ingrained
wrong perceptions on
saturated fats in nutrition. It
was a time at the height of
anti-saturated fat and antiHans Peter Holtz palm oil campaign when
Hans Holst (an economic
executive from Hap Seng Plantations) requested SH
Goh and ASH Ong to write and alert the CEOs of the
palm oil industry and then also the overseas scientists
[Ong & Goh, 2002]. It was during a time when local
scientists were concentrating on detrimental effects
of trans-fats (correctly, described below) but transfats except of elaidic acid are complex with numerous
isomers and that ruminants provide a small natural
amount of trans-fats; further, conjugated linoleic
acid (CLA) has been claimed to have “anti-cancer”
properties. Voluntary standards to ban trans-fats only
appeared in recent years and set at variable values of
2-5% without much of scientific rigour.
Labelling against trans-fats has been effective as
even the US market has increased imports of palm
oil by four times over two decades to meet solid fat
requirements. Emerging and developing economies
have not bothered to put up standards but some
countries accustomed to solid fat diets actually put
into their specifications desiring a certain percentage
of trans-fats much due to the power of media diet.
Malaysian producers curiously are able to produce
fats for them with the required specifications using
available catalytic hydrogenation technology.
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As illustrated in Fig. 1, the key points are well known
in biochemistry – enzymatic hydrolysis of the
OLP triglyceride is 1,3-regiospecific to provide sn2
monoacylglycerol which is absorbed readily and
together with unsaturated fatty acids form lipoproteins
(LDL, HDL, etc). However, saturated fatty acids if of
long chain like palmitic (16:0), stearic (18:0) or longer
are poorly absorbed especially as salts of Calcium and
Magnesium. It is clear the absorption fatty acids which
causes the cholesterolemic outcome of consumed oils
and fats must depend on the structure of triglycerides
or triacylglycerols apart from the fatty acid types (Table
1). The absorbed fatty acids generally raise cholesterol
if saturated (e.g. P), lower cholesterol if polyunsaturated
(e.g. L) and relatively neutral if monounsaturated (e.g.
O) as shown in Fig. 2.
Palm oil as shown in Table 1 is mainly composed as POP
(19%), POO (11%), PLO (10%) and PLP (10%), notably
with monounsaturated O and polyunsaturated L at
the sn2 position, which are preferentially absorbed as
monoglycerides. Note also unsaturated free fatty acids
are also readily absorbed.
Other complexities of kinetics, reversibility of lipase
reaction, problems of mixed triglycerides with short
chain acids and the bioaccessibility and bioavailability
of saturated triacylglycerols [Chang & Lee, 2021] are
not discussed here. For instance, palm oil even if
chemically interesterified is not completely absorbed
in animal feed in contrast to polyunsaturated oils (e.g.
soyoil) [Neoh & Sundram, 2004]
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Table 1. Distribution of fatty acid types in triacylglycerides in edible oils
(M = myristic 14:0; P = palmitic 16:0; S = stearic 18:0; O = oleic 18:1; L = linoleic 18:2; CPO = crude palm oil;
DFO = deep frying oil; OO = olive oil; SBO = soybean oil; SF = sautee or stir frying oil)

CPO
OO
SBOa
Lard
Beef tallow
Cow milkb
Cow gheeb

Total
Total
Oleic Linoleic & Linolenic
18:1
18:2 & 18:3
37%
9%
78%
7%
28.5%
60.9%
41.3%
19.1%
36
4
18-25%
2
22%
2.6

Coconut
Cocoa butter
Sunflower
Canolad
Human milk

4%
32%
31.5%
23.2
31-36

Type of
Oil

0.5%
2
59.5
59
15-18

sn2palmitic
16:0
3%
1.4%
1.7%
22.2%
16%
35-36%
“
1% (31% sat)c
3%
1
0
15-27%

sn1,3% sn2-palmitic
palmitic & stearic of total palmitic
16:0 & 18:0
48%
~5%
17.4%
13.8%
13.7%
73%
38%
29%
24-32%
62-68%
“
“
2% (61% sat)c
60%
10
7
10-54%

~2%

70-88%

Comments
DFO (deep frying oil)
SF (sautee or stir frying oil)
Highly polyunsaturateda
DFO
DFO
24-32% total Pb
DFO. High sat FA:
10%M 24%P 9%S
DFO; Laurics (medium chains) oil
High value confectionery
High-oleic variety available for SF
Higher oleic variety available; SF
High sn2 palmitic

high-oleic GM variety available for SF; bcomplex TAG composition with short & medium chains; ghee is clarified cow-milk fat with nonlipids removed; cestimate includes C8-C14 saturated fatty acids; ddata on one polyunsaturated variety

a

The absorbed fatty acids from palm oil are mainly
monounsaturated oleic acid and polyunsaturated
linoleic acid which are cholesterol lowering but little of
cholesterol-raising saturated palmitic acid is absorbed
in a balanced diet with adequate Ca and Mg (palmitic
acid from sn-1 & -3 triglycerides will become salts and
used up by microbiome or excreted). This is what
have been observed in many experimental studies
[Choudhury et al, 1995; Neoh & Sundram, 2004]. Palm
olein has recently been verified several times to be as
good as olive oil in clinical trials in China [Cheng et al,
2019] and also by CSIRO [Stonehouse et al, 2017; 2020]
The cholesterol raising or lowering effects of fatty
acids have been much studied and given empirical
quantitative equations by earlier workers; a summary as

given in Fig. 2 is summarized
by Francesco Visioli in a
recent webinar [Visioli,
2022]. Overall, saturated
fats which are of different
chain lengths (see Fig.1)
are now not considered
as cholesterolemic mainly
from global data (only a
weak negative correlation)
as well as from metaanalysis of available data
(Fig. 3), also described by
David Diamond [Siri-Tarino
et al, 2010; Qua, 2020]
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Figure 2. Effects of saturated, trans-unsaturated, monounsaturated and polyunsaturated
on LDL- and HDL-cholesterol [Zock et al, 1997]

Figure 3. Saturated fats and CVD: a meta-analysis [Siri-Tarino et al, 2010; Visioli, 2022]
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LDL-cholesterol is considered as bad-cholesterol as
medical practitioners consider this to correlate (though
not causative) with heart disease but HDL-cholesterol is
considered good-cholesterol, helping in the clearance
of bad LDL-cholesterol. There are newer theories on
the regulation of blood cholesterol in relationship to
cell membrane cholesterol and that dense small LDLcholesterol as well as inflammatory responses initiated
by this may be the cause of heart disease.

Palm Oil
Science-based evidences have actually verified
that palm oil, despite so much disinformation, is a
healthful and exceptionally functional oil. With solid
and liquid fractions it has been useful for all sorts
of culinary applications worldwide and provide oil
fractions which are free from harmful trans-fats from
hydrogenation necessary for many polyunsaturated
oils. The balanced composition of fatty acids has made
palm oil useful (thermal and oxidative stability) for
deep frying with fried foods and providing little caloric
absorption of saturated fatty acids (Fig. 1). Further, red
palm oil is now found to be even more nutritious and
healthful supplying the finest “virgin” palm oil rich in
vitamins A and E. Vitamin-E tocotrienols have been a
wonder to be beneficial in combating (prevention and
adjuvant treatment) various medical conditions such
as heart disease, cancer, neurological problems, skin
protection from radiation and prevention of numerous
inflammatory conditions. The oil palm provides palm
and palm kernel oils, the latter supplies laurics for
oleochemicals and surfactants as well as medium chain
triglycerides (MCTs) useful for brain nutrition and ketodiets emphasizing less sugar calories. Solid fractions
have been much valued for the confectioneries and
chocolate.
For some time, the finding of processing impurities (GE
and 3-MCPDE) in refined palm oils has been highlighted
to denigrate palm oil even though these impurities are
also found to be significant other oils such as olive, rice,
corn and fish oils using physical refining. Fortunately,
these can be minimised by harvesting for better
quality fruits and oils. And when desired mitigation can
be made at the refinery by several methods – water
washing, enzymatic treatment, minor processing
treatments while GE can be vacuum stripped off.

Infant Formula
It is not well publicized that the oil palm is the single
abundant readily available source of palmitic acid, the
single important fatty acid required by infants and
growing children. It is obvious from Table 1 showing
mother’s milk and cow milk to be rich in palmitic
acid especially at the sn-2 position of the triglyceride
fats. The crisis shortage of infant formula in the US
has caused the realization that CPO palmitic acid is
important for babies and therefore life. It may be
noted that OPO or OPL fats for infant formula can and
had been made from palm stearin (about 4% PPP)
by simple enzymatic interesterification. Palm olein
is useful for adult nutrition but not infant formula,
as described earlier contains little sn-2 palmitic acid,
and according to Fig. 1 can cause loss of minerals Ca
and Mg.
From the mass balance, as much as 2-3 g of Ca or
Mg will be needed to form calcium/Magnesium
salts from consumption of 50 g palm oil. Chemicallyinteresterified palm oil will be suitable like other milk
fats but unavoidable loss of minerals can still occur. For
adults, a balanced diet providing minerals from various
foods (including good nuts) are usually recommended
in dietary guidelines; populations using unbalanced
diet faces various risks as some oils may lack essential
omega-3 fatty acids, e.g. DHA comes only from marine
sources until made available very recently from GM
canola. Fortunately, polyunsaturated very long chain
fatty acids such as DHA (22 :6) and EPA (20:5) although
found in very small quantities in diets are very
readily absorbed.

Obesity Epidemic
It has been the shortage of palmitic acid (palm oil and
milk fats) or rather the crisis-shortage of infant formula
in the US as well as the unavailability sunflower oil
from Ukraine and Russia that set in motion a stop to
the almost continual demonization of the oil palm
for decades, if not for misinformation on saturated
fats, then for misinformation on deforestation, forced
labour or sustainability issues. It has been the power
of Western media for misinformation (Qua, 2020):
previously USDA has picked fats against sugars or
carbohydrates to be reduced in the diet and then to
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favour polyunsaturated oils (e.g. soybean) over palm
oil. The disinformation apparently worked over half
a century but serious unfortunate consequences
resulted: in obesity epidemic (low fat and high sugar/
carbohydrate diet), increasing heart disease (trans-fat
diets) and cancer (polyunsaturated fats), even if such
results only indicate correlations but not necessarily
causations. As illustrated in Fig. 1, fats containing long
chain saturated fats will have these fats excreted in the
presence of sufficient minerals Ca and Mg, resulting in
lower calorie intake. In contrast, monounsaturated and
polyunsaturated oils will have all the major fatty acids
completely absorbed, hence they can be obesogenic
or diabetogenic [Deol et al, 2020]. Coconut and PK oils
have different digestion and absorption pathways as
lauric oils contain medium chain fatty acids. Lingual
and gastric lipases can hydrolyse triglycerides with
short and medium chain fatty acids so that these fats
may be absorbed earlier in the portal pathway. Further,
high coconut oil absorption elicits satiety early during
digestion and prevents overeating but such diets
when combined with high imported sugar diets may
together be responsible for obesity of some Pacific
islanders. Acheh communities do not suffer from
obesity from coconut diets and consumers from other
parts of Indonesia on palm oil diet show low obesity
problems. Consumers of temperate oils including olive
oil are notable for obesity problems correlating with
high oil and sugar consumption – USA, UK, Greece,
Australia, etc.

Dietary Recommendations
Dietary recommendations may not necessarily
follow exactly from scientific findings. The USDA
offered food pyramids very much following what the
country produces and coloured with a smattering
of scientific evidences wherever suitable. While the
major macronutrients are included, the oil and fats
content had been somewhat distorted much due to
the early “seven-country” study of Keys mistakenly
over-emphasizing the risk of saturated fats. For more
than half a century, a wrong emphasis had been on
a low fat diet and further saturated fats were not to
exceed 10% of total fat intake. The six-country study
of a positive correlation of saturated fats consumption
with raising blood cholesterol levels is now known
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to be false being from cherry-picked data while wide
variations were found as French and Israeli paradoxes,
and further with larger global data sources a weak
negative correlation can be observed. Saturated fats
are now known to be varied in fatty acid types as well
as differing stereospecific triacylglycerol structures
and providing profound differences in bioaccessibility
and bioavailability. The meta-analysis data [Visioli,
2022] as well as other new hypotheses on relationships
of lipoprotein-cholesterol and membrane-cholesterol
seem to dismiss concerns on the correlation of
cholesterol with sn-2 saturated fats or beta-palmitic/
stearic animal fats. Medical practitioners, however,
caution that patients with known risks or with stents
should be wary of any possibility of increases of LDLcholesterol from dietary sources.
Overall despite scientific evidence, health risks of
polyunsaturated oils were ignored because the
US grows so much of soybeans. The supply of
polyunsaturated fats has created a glut of linoleic
acid which is thermally and oxidatively unstable
and should be limited to less than 10% in dietary fat
consumption. Further, pro-inflammatory effects of
this polyunsaturated acid is of concern and oxidative
products such as ene-aldehydes are suspected to be
carcinogenic in their ability to conjugate to amino
acids and proteins. The change to GM soyabeans to
provide high oleic oils is a welcome relief worldwide
whereas high-oleic sunflower has been available for a
long time.
The need for small amounts of very long chain
omega-3 fatty acids such as DHA and EPA from
marine sources is often taken to confuse the issue
of the essential polyunsaturated fats. So, a small
amount these omega-3 acids (from marine sources
or GM canola) will be needed but the major amounts
should be monounsaturated and saturated fats while
polyunsaturated omega-6 (linoleic, 18:2) is already
ubiquitous from most oils and fats sources. The
less common omega-3 alpha-linolenic acid (18:3) is
essential but notably that women can utilize a small
percentage to this for biosynthesis to very long chain
fatty acids. All fats like sugars and carbohydrates are
sources of calories, more so with calorie-dense fats
and both sources in excess contribute to obesity. Of
course, sugary calories contribute to the twin risks of
diabesity.
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The changing and growing awareness of healthful
nutritional and functional benefits from palm oil is
finally supplanting prejudices and misinformation. The
functional and flexible uses from palm and kernel oils
are unsurpassed apart from their cost-effectiveness
and ready availability to provide hundreds of essential
products for humanity. The producers are hard at
work to continually improve on the present numerous
sustainability regulations: CSPO, RSPO, MSPO,
NDPE, etc.

Prospective New Growth in Oil Palms
New growth in oil palms will come from replanting
with better palms. Higher yielding palms are available;
others are semi-dwarf, garnoderma-resistant, brightly
coloured fruits or with long fruit stalks. High yields
and easier harvesting will ease the labour shortage
and obviate use of more land. New acreages will not
be expected due to strong opposition from importers
and it now depends of Africa and S. America or India
and China to increase production. India has the drive to
palm forestation while China has developed temperate
palm cultivars. This helps in localized supplies and
saves on transport but labour problems remain unless
new technologies can help alleviate such problems.
The high CO2 sequestering ability of the oil palm is
being recognized as comparable for forest plantations
and better sustainable practices are improving this
especially by better cover crops and intercropping
during the early years of replanting. The future may
be brighter as China takes interest and Indonesia
gets deeply involved in increasing productivity and
sustainability of oil palm. China’s expertise in high
technology (AI, EV-mechanization, robotics and
genomics) and Indonesia becoming part of battery and
EV era will be a boom in solving the bane (labour) of
the palm oil industry. The transition of fossil energy to
renewables is going to be a mammoth task and China’s
agricultural expertise in genomic engineering will help
with the current research to cope with climate change:
higher yields, higher carbon sequestering palms,
drought and saline tolerant palms, and tomorrow’s
plantations adapted for AI-mechanized harvesting.

Conclusions
Sustainably produced palm oil has become one of the
most regulated crop products and has recently been
recognized as indispensable as it has been used for
thousands of food and human-care products in the
supermarket apart from feed and biofuels. Of particular
importance is palmitic acid use in baby foods as OPO
triglyceride prepared from palm stearin is especially
synthesized for infant formula. The demonization of
palm oil started and had been going on for decades
once it was found to be an extraordinary competitive
oil by US soybean growers. The relatively saturated
acid content had been used to mislead consumers
about CHD and CVD risks even as this was disproved in
experimental work.
The highly structured triacylglycerols of plant-derived
oils such as palm and cocoa butter provide mostly oleic
and linoleic acids in the sn-2 position which are well
absorbed while the sn-1 & -3 positional palmitic acid
form salts with Ca and Mg to be excreted. In fact, palm
olein has been proven to be as good as extra virgin
olive oil and other high oleic oils according to lipid
parameters. Apart from healthy lipidemic outcomes,
the oil hypothetically is less diabetogenic due to lower
fat absorption as compared to highly unsaturated
oils. The oil is also of composition providing thermal
and oxidative stability, well suited for deep frying as
compared to other major oils. Virgin red palm oil has
been able to provide one of the most healthful oils with
high contents of lipid-soluble vitamins – carotenoids
and vitamin-E tocotrienols. The latter tocotrienols have
been shown to have multiple beneficial properties
with potential clinical uses for prevention and adjuvant
clinical uses against CVD, several cancers, neurological
disorders, skin care, etc. Together with palm kernel oil,
which is similar to and as high-valued as coconut oil,
the oil palm is truly nature’s gift to mankind. The high
prices seen in 2022 truly reflects the high value that
should be accorded to palm and kernel oils.
Palm oil has been easy to cultivate resulting in too
many smallholder farms which at times may not follow
best practices or sustainability regulations. Hence,
among the thousands of farms some bad practices of
slash burning may occasionally occur and poor labour
practices may slip through regulatory authorities. But,
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sustainable productions are seriously being imposed
with CSPO, RSPO, MSPO and ISPO regulations. Better
quality CPO production is being implemented to
minimize GE and 3-MCPDE impurities in refining and
where necessary these can be removed by additional
refining procedures.
There has been so much protectionist policies from
importers that SE Asia has not been increasing acreage
in the last 4 years especially with Malaysia capping
production due to shortage of workers, exacerbated
by lockdowns and travel bans for foreign workers due
to the Covid pandemic. New production likely will have
to come from Africa,S. America, India’s drive for palm
forestation and China’s new cultivars for temperate
cultivation.
The race for better agricultural practices includes
investment in mechanization (even robotics),
replanting for better palms, improving on the
high CO2 sequestration of palms, digitization and
implementation of IR4.0; a circular agro-economy is in
sight with treatment and recycling of POME.
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GLOBAL FOOD CRISIS: SANCTIONS AS
WEAPONS OF MASS STARVATION?

Anis Chowdhury
(Sydney)

Introduction
US and allied economic sanctions against Russia for
its illegal invasion of Ukraine have not achieved their
declared objectives. Instead, they are worsening
economic stagnation and inflation worldwide. Worse,
they are exacerbating hunger, especially in Africa.

Sanctions Cut Both Ways
Unless approved by the UN Security Council (UNSC),
sanctions are not authorized by international law. With
Russia’s veto in the UNSC, unilateral sanctions by the
US and its allies have surged following the Ukraine
invasion.
During 1950-2016, ‘comprehensive’ trade sanctions
have cut bilateral trade between sanctioning countries
and their victims by 77% on average. The US has
imposed more sanctions regimes, and for longer
periods, than any other country.
Unilateral imposition of sanctions has accelerated over
the past 15 years. During 1990-2005, the US imposed
about a third of sanctions regimes around the world,
with the European Union (EU) also significant.

Jomo Kwame
Sundaram
(Kuala Lumpur)

The US has increased using sanctions since 2016,
imposing them on more than 1,000 entities or
individuals yearly, on average, from 2016 to 2020 –
nearly 80% more than in 2008-2015. The one-term
Trump administration raised the US share of all new
sanctions to almost half from a third before.
During January-May 2022, 75 countries implemented
19,268 restrictive trade measures. Such measures on
food and fertilizers (85%) greatly exceed those on raw
materials and fuels (15%). Unsurprisingly, the world
now faces less supplies and higher prices for fuel
and food.
Monetary authorities have been raising interest rates
to curb inflation, but such efforts do not address the
main causes of higher prices now. Worse, they are
likely to deepen and prolong stagnation, increasing
the likelihood of ‘stagflation’.
Sanctions were supposed to bring Russia to its knees.
But less than three months after the rouble plunged,
its exchange rate is back to pre-war levels, rising from
the ‘rouble rubble’ promised by Western economic
warmongers. With enough public support, the Russian
regime is in no hurry to submit to sanctions.
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Sanctions pushing up food prices
War and sanctions are now the main drivers of
increased food insecurity. Russia and Ukraine produce
almost a third of world wheat exports, nearly 20%
of corn (maize) exports and close to 80% of sunflower
seed products, including oil. Related Black Sea shipping
blockades have helped keep Russian exports down.

With food agriculture less sustainable, e.g., due to
global warming, sanctions are further reducing output
and incomes, besides raising food prices in the short
and longer term.

Sanctions Hurt Poor Most

All these have driven up world prices for grain and
oilseeds, raising food costs for all. As of 19 May, the
Agricultural Price Index was up 42% from January
2021, with wheat prices 91% higher and corn up 55%.

Even when supposedly targeted, sanctions are
blunt instruments, often generating unintended
consequences, sometimes contrary to those intended.
Hence, sanctions typically fail to achieve their stated
objectives.

The World Bank’s April 2022 Commodity Markets
Outlook notes the war has changed world production,
trade and consumption. It expects prices to be
historically high, at least through 2024, worsening food
insecurity and inflation.

Many poor and food insecure countries are major
wheat importers from Russia and Ukraine. The
duo provided 90% of Somalia’s imports, 80% of the
Democratic Republic of Congo’s, and about 40% of
both Yemen’s and Ethiopia’s.

Western bans on Russian oil have sharply increased
energy prices. Both Russia and its ally, Belarus – also
hit by economic sanctions – are major suppliers of
agricultural fertilizers – including 38% of potassic
fertilizers, 17% of compound fertilizers, and 15% of
nitrogenous fertilizers.

It appears the financial blockade on Russia has hurt its
smaller and more vulnerable Central Asian neighbours
more: 4.5 million from Uzbekistan, 2.4 million from
Tajikistan, and almost a million from Kyrgyzstan work
in Russia. Difficulties sending remittances cause much
hardship to their families at home.

Fertilizer prices surged in March, up nearly 20% from
two months before, and almost three times higher
than in March 2021! Less supplies at higher prices will
set back agricultural production for years.

Although not their declared intent, US measures
during 1982–2011 hurt the poor more. Poverty levels in
sanctioned countries have been 3.8 percentage points
higher than in similar countries.

Figure 1. Food Price Index 2006-2022 [FAO monthly food price index: 2014-2016 = 100]
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Figure 2. Food crisis victims expected to rise sharply in 2022
[Source: 2022 Global Report on Food Crises; 2022: projected]

Sanctions also hurt children and other disadvantaged
groups much more. Research in 69 countries found
sanctions lowered infant weight and increased the
likelihood of death before age three. Unsurprisingly,
economic sanctions violate the UN Convention on
the Rights of Children.

The UN Secretary-General has emphasized, “We need
to ensure a steady flow in food and energies through
open markets by lifting all unnecessary export
restrictions, directing surpluses and reserves to those
in need and keeping a lead on food prices to curb
market volatility”.

A study of 98 less developed and newly industrialized
countries found life expectancy in affected countries
reduced by about 3.5 months for every additional
year under UNSC sanctions. Thus, an average fiveyear episode of UNSC approved sanctions reduced life
expectancy by 1.2–1.4 years.

Despite declining World Bank poverty numbers, the
number of undernourished has risen from 643 million
in 2013 to 768 million in 2020. Up to 811 million people
are chronically hungry, while those facing ‘acute food
insecurity’ have more than doubled since 2019 from
135 million to 276 million.

World Hunger Rising

With the onset of the Covid-19 pandemic, OXFAM
warned, the “hunger virus” could prove even more
deadly. The pandemic has since pushed tens of millions
into food insecurity.

As polemical recriminations between Russia and the
US-led coalition intensify over rising food and fuel
prices, the world is racing to an “apocalyptic” human
“catastrophe”. Higher prices, prolonged shortages and
recessions may trigger political upheavals, or worse.
Food price spikes before the 2008 global financial
crisis resulted in social unrest in several countries
while the 2011 food crisis led to the Arab Spring. The
present food price spike is arguably more pronounced
but social and political upheavals are not yet evident
(Fig. 1).

In 2021, before the Ukraine war, 193 million people in
53 countries were deemed to be facing ‘food crisis or
worse’. With the war and sanctions, 83 million – or 43%
– more are expected to be victims by the end of 2022
(Fig. 2).
Economic sanctions are the modern equivalent of
ancient sieges, trying to starve populations into
submission. The devastating impacts of sieges on
access to food, health and other basic services are wellknown.
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Sieges are illegal under international humanitarian
law. The UNSC has unanimously adopted resolutions
demanding the immediate lifting of sieges, e.g., its
2014 Resolution 2139 against civilian populations in
Syria.

References: Related IPS Articles

But veto-wielding permanent Council members are
responsible for invading Ukraine and unilaterally
imposing sanctions. Hence, the UNSC will typically not
act on the impact of sanctions on billions of innocent
civilians. No one seems likely to protect them against
sanctions, today’s weapons of mass starvation.

• Agricultural Trade Liberalization Undermined Food
Security
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• Without Peace, Hunger Will Continue to Increase
• War or Peace, Barbarism or Hope
• Ukraine Incursion, World Stagflation

https://www.ksjomo.org/post/sanctions_weapons_
of_mass_starvation
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Introduction
Palm oil can be considered as one of the most popular
vegetable oils in the world. Similar to soybeans and
corns, oil extracted from palm is used in the processing
of a large number of packaged products. It can
basically be found in half of all consumer products. In
the past decades, the growth in the demand of palm
oil was generally caused by the increase in population,
the global development in the food processing
industry, and the increasing awareness of the global
consumers to turn away from trans-fat [GroIntelligence,
2016]. In some countries, the newly-enacted biodiesel
mandate is also causing the demand of palm oil to
further increase. According to Shahbandeh (2021), the
latest figure for the annual global production of palm
oil in 2020 is around 75.45 million metric tonnes, which
is the highest in the past decade, and is expected to
increase further to meet the increasing demand.
These days, the dependence on palm oil is hard to be
reduced due to the undeniable benefits of palm oil, such
as its suitable fatty acid profile and its high oil yield per
hectare of oil palm, which is approximately five times
more than rapeseed, the next most productive oil crop
after oil palm. Palm oil is also said to be a step ahead
of other oils, as the production of sustainable palm oil

has been closely monitored by organizations like the
Roundtable on Sustainable Palm Oil (RSPO), which
was formed in 2004 to create a set of certification and
accreditation requirements to ensure that palm oils
are sustainably sourced and produced, while there are
no such organizations for other oils [RSPO, 2020]. The
main restriction in the RSPO standard is that plantation
growers are not allowed to clear out forests that are
deemed to possess high conservation value or high
carbon stock. There are also other practices that the
growers are subjected to, for instance, prevention of
illegal hunting in the plantation area and conservation
of watercourses and wildlife corridors.
The main reason that palm oil exists in most parts of
our lives is its unique chemistry. Due to its moderately
high content of saturated fats, its melting point was
found to be ideal for many types of applications,
such as the production of food and confectioneries,
cosmetic products, biofuel, and many more. In the
food industry alone, palm oil is widely used as most
of the other vegetable oils will have to undergo
partial hydrogenation in order to achieve a similar
result, which in the process produces unhealthy
trans-fats. Besides, the high thermal resistance and
spoil resistance properties of palm oil also cause it to

Malaysian Oil Science and Technology 2022 Vol. 31 No. 1 • Copyright MOSTA

75

SINGLE CELL OILS: THE UNDERUTILIZED VEGETABLE OIL SOURCE

become a highly preferred economical cooking oil,
which generally has a long shelf life.
The oil palm tree generally has a productive lifespan
ranging from 25 to 30 years. The production of fruits
will typically start in the third year, reach the peak
productivity in the eighth year, then start to decline
in the twentieth year of development. As a humid
tropical crop, the cultivation of oil palm tree requires
regular exposures to rain and sunshine, and is best
grown in areas with temperature ranging from 24 °C to
28 °C [GroIntelligence, 2016].
In the past, there have been many attempts for palm
oil substitutes, as competitors want to demonize
what is “nature’s gift to mankind” – for decades it
was saturation, biodiversity loss, deforestation and
now labor issues. It took a long time for some of
disinformation to be dispelled – saturation scare took
decades. Deforestation finger-pointing still continues
even as California and nearby US states burns, Australia
also burned recently and now gets unnecessary rain in
wrong places. Malaysia, once the foremost oil palm
grower has capped forest land at 50% while Indonesia
is trying hard. Genetically modified organism (GMO)
oils have been well documented in hope to challenge
oil palm, but have yet to see commercialization,
while leaf oils were invented by the Commonwealth
Scientific and Industrial Research Organisation (CSIRO)
two years ago but have not come about. Recent
palmitic acid crisis has also shown the world that
they should not demonize palm oil as all babies need
saturated palmitic acid, and saturated acids uptake
from dairy would not be environmentally friendly, as
they are the worst agricultural greenhouse gas (GHG)
emitter. While sunflower oil as a major oil in the world’s
supply has also been cut for various reasons, the allpurpose and versatile palm oil has come to help out.
As this has eventually led to a shortage of palm oil
even for producers, there is a need to explore on the
underutilized sources of vegetable oil.

What are the other sources of vegetable oils?
Generally, the other sources of vegetable oils that have
similar performance as palm oil can be categorized
into three groups, namely existing crop oils, tropical
oils, and microbial single cell oils [McManus, 2020].
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The most commonly known source is the usage
of other existing vegetable oils. The production of
vegetable oils generally involves two main phases,
crude oil extraction phase and oil refining phase. In
the extraction phase, the oilseeds or oil-bearing fruits
can be subjected to mechanical extraction, solvent
extraction, or both, depending on factors such as the
oil content of the fruit, allowable oil content remaining
in the meal, and allowable investment capital. The
extracted oil will then be subjected to either physical
or chemical refining in the refining phase. The refining
phase aims to remove non-triglyceride components,
such as free fatty acid (FFA), in order to produce stable
and pleasant-tasting oils.
Soybean, rapeseed, and sunflower oils are some wellestablished crop oils which might be suitable candidates
due to their high annual production of 57 Mt/year, 27
Mt/year, and 20 Mt/year respectively (Parsons et al.,
2020). However, these oils are significantly different
in terms of physical properties, as their saturation is
relatively low as compared to palm oil. Therefore, the
less saturated oils have to be reformulated before
becoming a versatile oil like palm oil. The increase of
saturation is typically done through the hydrogenation
process, which fills in the carbon-carbon double bonds
with hydrogen, and results in an increased melting
point of the oil. Partial hydrogenation is normally done
to mimic the saturation of palm oil, but the process
will produce a significant amount of trans-fats, which
is very unhealthy for human body [Kummerow, 2009;
Oteng & Kersten, 2019]. While complete hydrogenation
can eliminate the formation of trans-fat, the process
is significantly more costly and the resulting fats will
have a relatively poor texture compared to palm oil.
Moreover, the approach to utilize other existing
vegetable oils are also not practical from the
perspective of potential land use. As compared to
palm fruits, the oil yield per hectare of plantation
for soybean, rapeseed, and sunflower is significantly
lower. According to Parsons et al. (2020), the oil yield
of palm, soybean, rapeseed, and sunflower are 5950
L/ha, 446 L/ha, 1190 L/ha, and 952 L/ha respectively.
While people claim that the expansion of palm oil
plantation has disastrous impact on the environment,
the impacts from the expansion of plantation for oil
crops with lower oil yield per hectare will only be more
disastrous if implemented [FOE, 2016]. The way around
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Figure 1. Single-celled microorganisms for the production of single cell oil

this sustainability and technical challenge will require
a lot more research and development efforts. Due to
the same reason, the costs of these oils are also much
higher than palm oil.
On the other hand, tropical oils like coconut oil could
be more suitable than crop oils due to their similar
fatty acid profiles, which in turn result in similar
physicochemical properties with palm oil. However,
most of the tropical oils are less abundant as compared
to palm oil due to their low productivity, which at the
same time causes their costs to be higher. Similar to the
existing crop oils, the tropical oils also face the same
problem of potential impacts on biodiversity due to
land-clearing for expansion of plantations [Meijaard
et al, 2020; Rochmyaningsih, 2020]. The situation for
the tropical oils is even worse considering they are
normally cultivated in a similar geographic region.
Overall, the oil sources discussed by far are more
suitable for small-scale applications, while the largescale utilization is still not feasible due to the challenges
discussed. The usage of single cell oils can potentially
overcome this challenge, as research conducted by
McManus (2020) showed a high feasibility for single cell
oil to be used as a vegetable oil source that perform
similarly to palm oil on a large scale.

What are Single Cell Oils?
Single cell oils (SCOs) are basically intracellular storage
lipids contained within single-celled microorganisms
(Fig. 1), which include yeasts, fungi, and algae,
and are normally extracted as edible oils made of
triacylglycerols, free fatty acids, hydrocarbons, and
pigments [Ochsenreither et al, 2016; Ratledge, 2010].
While bacteria are also capable of producing SCOs,
the oil derived from bacteria is mostly non-edible,
and their main functions would be for the production
of biofuels. Generally, all organisms will naturally
produce SCOs as part of their structural and functional
processes. However, the production capability of SCOs
has a wide range of 1-80% (w/w) in dry cell mass,
which is primarily dependent on their respective
genetic profile [Athenaki et al, 2018]. Those that have
the ability to produce more than 20% (w/w) of SCOs
can be termed as oleaginous microorganisms, similar
to the designation for oil-bearing plant seeds [Dong et
al, 2016; Fidler et al, 1999; Ochsenreither et al, 2016].
SCOs are industrially produced through two main
fermentation strategies, namely submerged
fermentation (SmF) and solid-state fermentation (SSF)
[Mhlongo et al, 2021; Ochsenreither et al, 2016; Zeng et
al, 2013]. SmF is a promising method for large-scale
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SCO production and is carried out by submerging
soluble nutrients in liquid [Liu et al, 2019]. The main
phases of SmF includes fermentation, cell separation,
oil extraction and refining [Lima et al, 2019]. On the
other hand, SSF is an alternative method to SmF, where
a solid substrate will be fermented in the absence
of water [Mhlongo et al, 2021]. In this method, the
metabolic growth of the fermenting microorganism
will be supported by moisture [Lizardi-Jimenez &
Hernandez-Martinez, 2017].
Generally, the edible oils derived from eukaryotic
microorganisms, especially yeast and fungi, are very
similar to the oils and fats extracted from plants and
animals from the perspective of composition [Carvalho
et al, 2015]. Some algae will also produce a more
complex oil in high amounts, as it often includes both
oils produced through photosynthesis (phototrophic)
and by consuming sugar (heterotrophic). Despite being
produced from different pathways, the phototrophic
SCO is actually similar to the heterotrophic SCO in
terms of composition. While many similarities can be
found between SCOs and conventional plant- and
animal-derived oils, SCOs are typically preferred for
their ease of scaling up. Besides, the production of
SCOs is also not dependent on seasonal and climatic
variances, as well as geographic location, which often
has to be considered for plant and animal sources
[Abghari & Chen, 2014; Dong et al, 2016].

What are the challenges in producing Single Cell
Oils?
For the heterotrophic way of producing SCO, the
microorganisms have to be grown in culture media
containing a carbon source, which most of the time is
glucose or sucrose. As the production of each ton of
SCO will typically require 5 tons of sugar, the process
of turning sugar into oil will not be economically
and environmentally feasible if the source of sugar is
derived from fresh agricultural crops. This is because
only 4% of the global sugar supply is grown sustainably
[Swain, 2020]. The production of sugar from sugarcane,
which accounts for approximately 80% of the global
sugar production, is highly water intensive, emits a
significant amount of CO2, and requires large land areas
[KHNI, 2021]. In fact, based on the life cycle analysis
carried out by Kerry Health and Nutrition Institute
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[KHNI, 2021], around 1110 liters of water are required
to produce 1 kg of sugar from sugarcane, along with
an emission of 0.42 kg of CO2. In other words, if sugar
is used in the production of SCO, the environmental
impacts associated with the agricultural expansion
for the production of vegetable oils will not be solved
directly, but will simply be moved elsewhere, which in
this case is the production of sugar.
Aside from the environmental aspect, the optimization
of SCO production is also greatly challenged from the
analytical and biochemical aspects [Greenwell et al,
2010]. In the analytical aspect, it was found that the lipid
content and fatty acid composition of SCO is highly
dependent on the genetic profile of the microbes,
which will vary amongst different oleaginous species,
or even amongst strains of the same species (Athenaki
et al., 2018; Mhlongo et al., 2021). This means that not
only will the lipid analysis on different species be time
consuming, but the inconsistent analytical methods
used for each species will also cause the comparison
among them to be very difficult (Greenwell et al., 2010).
In the biochemical aspect, the yield and composition
of the extracted SCO will generally vary based on
the developmental influence, such as production
pathways (SmF and SSF) and the process conditions,
which includes temperature, nitrogen supply, pH, and
rate of agitation [Ochsenreither et al, 2016]. For example,
Queiroz et al. (2018) carried out a study to optimize the
yield of SCO by varying the cultivation temperature of a
cyanobacteria, Aphanothece microscopica Nägeli. Their
result showed that 20°C was the optimal cultivation
temperature, as a generation time (GT) of 1.92 hours
indicated an ideal growth condition with short
adaptation stage. On the other hand, the GT at 10°C
was 5.78 hours, indicating a cellular stress condition,
where lipid productivity was greatly reduced as a
result of reduced cell division. Although the cellular
concentration of SCO at 30°C was slightly higher
than at 20°C, the residence time (RT) taken to achieve
maximum cell concentration at 30°C was three times
the RT at 20°C. Consequentially, it was concluded that
20°C was the cultivation temperature with optimal
lipid productivity [Queiroz et al, 2018].
Therefore, when taking into consideration that the
optimization process has to be carried out on a strainby-strain basis, it becomes extremely challenging and
time consuming to first identify microbes that are
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capable of producing a significant amount of SCOs,
then move on to optimize the production pathways
and conditions to achieve the desired yield and
biochemical composition.

What are the applications of SCOs?
SCOs are also known to possess great advantages like
high production rate at low production labour, short life
cycle, independence on seasonal and climatic changes,
and can be easily scaled up [Li et al, 2008]. Other than
that, the fatty acid profiles of some SCOs can also offer
a higher content of PUFA (omega-3 fatty acids) in some
food applications where palm oil is not conventionally
used. Generally, lipids that are rich in saturated fatty
acid (STA) and monounsaturated fatty acid (MUFA) are
preferred in the production of biodiesel and deepfrying oils, while lipids rich in polyunsaturated fatty
acid (PUFA) are perceived as more suitable for some
food applications [Mhlongo et al, 2021]. The reason
why lipids with high PUFA content are not preferred
for biodiesel production is because they are generally
more unstable, vulnerable to auto-oxidation and
lower cetane values. In other words, SCOs can only be
attractive due to their advantageous ease of potential
production, all while offering characteristics similar
to the conventional vegetable oils, especially the allpurpose and versatile palm oil [Bhanja et al, 2014].
While the oleaginous microbes suitable for SCO
production include yeast, fungi, and algae, it was
found that only algae and fungi have a better ability to
produce lipids with high PUFA content [Ochsenreither
et al, 2016]. While the fatty acid profile of yeast-derived
SCOs are similar to palm oil, they perform better in terms
of fast growth rate and high oil content, which ranges
from 40% to 70%. Particularly, yeasts belonging to the
genus Rhodotorula will have a considerably higher
productivity. Besides this, algae-derived SCOs are also

said to be more advantageous, as the cultivation of
algae has low nutritional requirements while possessing
higher productivity and photosynthetic efficiency
[Subramaniam et al, 2010]. Algae typically have a
lipid content ranging from 1% to 70% of dry weight,
but may also increase up to 90% when subjected to
environmental stresses. In fact, algae belonging to the
genera Botryococcus and Schizochytrium such as the
Botryococcus braunii and Schizochytrium sp. possess a
relatively higher oil content as compared to others. On
the other hand, fungi will typically have a lipid content
up to 80% of their dry weight. Particularly, fungi that
belong to the genera Mortierella, Cunninghamella,
and Cryptococcus are known to possess high cellular
lipid content, among where the PUFA content of the
genus Mortierella is significantly higher than the others
[Asadi et al, 2015; Ochsenreither et al, 2016]. Besides,
filamentous fungi (molds) also possess advantages like
ease of downstream harvesting due to their unique
pellet morphology and the presence of a range of
hydrolyzing enzymes. Table 1 shows a variation of SCO
derived from fungi in the genus Mortierella, which has
low palmitic content and high polyunsaturated fatty
acids content. These variations can potentially be
derived to be used in food applications that require
high content of long chain PUFAs.
Generally, lipids need to contain some omega-3 fatty
acids and a good balance of other acids to be used
in the food industry, with fish oils being the most
popular option [Bellou et al, 2016)]. In the production
of infant food, apart from palmitic acid, PUFAs such
as docosahexaenoic acid (DHA) and arachidonic
acid (ARA) are essential, as they are beneficial for the
development of neural and visual systems in newborns
[Fidler et al, 1999; Ochsenreither et al, 2016]. However,
due to the existence of environmental pollutants such
as dioxins and heavy metals in fish oils, they are not
preferred for the production of infant foods [Béligon et

Table 1. Fatty acid profiles (in %) of palm oil and fungi-derived SCO with high PUFA
[Ratledge, 2010]

Palm Oil
M. romanniana

Medium Chain
(8:0 – 14:0)

Palmitic
(16:0)

Stearic
(18:0)

Monounsaturated
(16:1, 18:1)

Polyunsaturated
(18:2, 18:3)

-

45
24

5
5

38
51

12
20
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Table 2. Fatty acid profiles (in %) of palm oil and SM-cultured SCO
[Bento et aherl, 2020]

Palm Oil
SM-Cultured SCO

Medium Chain
(8:0 – 14:0)

Palmitic
(16:0)

Stearic
(18:0)

Monounsaturated
(16:1, 18:1)

Polyunsaturated
(18:2, 18:3)

20.78

45
28.39

5
1.22

38
23.25

12
25.46

al., 2016]. Under normal circumstances, DHA and ARA
can be absorbed from the mother’s milk [Granot et al,
2016]. However, in some cases where the newborns
are fed with cow’s milk, DHA and ARA have to be
added externally to avoid abnormal developments
[Béligon et al, 2016]. While PUFAs can be added into
food through many different ways, SCOs that are rich
in DHA and ARA can be added directly in the form of
pure oil or as stable emulsions [Bellou et al, 2016]. In
the research by Pometto et al. (2005), it was suggested
that C. cohnii, a heterotrophic microalga, can be used
for the production of SCO rich in DHA, as it has a high
fatty acid content of around 50%, among where 95%
of the PUFAs contain DHA.
As mentioned previously, the heterotrophic production
of SCO is not economical feasible when the carbon
source is derived from fresh agricultural sources.
A study by Bento et al. (2020) showed the usage of
a biomass waste, sugarcane molasses (SM), as the
carbon source to produce SCO. The fatty acid profile
of resulting SCO is shown in Table 2. Despite having
some difference in the fatty acid profile, the palmitic
content (C16:0) of 28.39% and oleic content (C18:1) of
22.12% remain as the major fatty acids. Besides, the
high overall saturated fatty acid content (50.39%) and
monounsaturated fatty acid content (23.25%) is also
similar to palm oil, making it suitable for biodiesel and
food production due to the high oxidative stability
and adequate viscosity. As for the high content of

polyunsaturated fatty acids (25.46%), the SM-cultured
SCO will be very suitable for the production of other
value-added lipids for other food and pharmaceutical
applications.
Another application of SCO is the substitution of plantand animal-based oils in the production of biodiesel
[Ochsenreither et al, 2016]. While palm oil has been
frequently used for biodiesel production, SCOs are
also said to be a good candidate for this application, as
they can be engineered to present a fatty acid profile
similar or better than palm oil (Table 3). The main issues
associated with the conventional biodiesel production
is the large land area required for agricultural
productions, as well as the concern of undermining
human food security [Ochsenreither et al, 2016]. On the
other hand, the land area needed for SCO production
is significantly less than the conventional agricultural
production, thus overcoming both of the conflicts
at the same time [Ratledge & Cohen, 2008]. Besides,
they are also independent from external factors such
as seasonal or climatic changes, which are often the
vulnerabilities of existing oil crops [Thiru et al, 2011].
It is also worth mentioning that filamentous fungi are
highly desirable for the production of biodiesel, mainly
due to the presence of various hydrolyzing enzymes
which facilitates the downstream harvesting process.
Besides, biodiesel produced from SCOs can also be
mixed with petroleum diesel at any ratio [Bhanja et al,
2014].

Table 3. Fatty acid profiles (in %) of palm oil and SCO in general
[Parsons et al, 2020]

Palm Oil
Single Cell Oil

80

Medium Chain
(8:0 – 14:0)

Palmitic
(16:0)

Stearic
(18:0)

Monounsaturated
(16:1, 18:1)

Polyunsaturated
(18:2, 18:3)

-

45
11-43

5
1-15

38
34-74

12
3-51
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Through reviews on different aspects of the
production of biodiesel in the last decade, SCOs are
concluded to possess a potential in the biodiesel field
especially as present supply sources may be unable to
meet projected mandatory demands in view of future
carbon-reduction needs. However, the additional
processes required for the present production of SCOs
are relatively more complex and costly as compared
to the conventional biodiesel production from
plant-based oils, which consequentially hinders its
commercialization. In other words, as long as cheaper
alternatives exist, production of biodiesel from SCOs
will not be economically feasible. In the case where
production of biodiesel from sustainable SCOs can
be commercialized, huge environmental benefits can
be created. For example, as biodiesel itself is made of
renewable resources that absorbs CO2 for growth, the
usage of biodiesel can be considered as carbon neutral,
and less pollutants such as sulfur dioxide are produced
[Khot et al, 2018]. Besides, with sustainable SCOs
being the materials used for biodiesel production,
less competition and expansion for arable land will
be needed for the production of other vegetable oils
[Madani et al, 2017; Mhlongo et al, 2021].

Conclusion and Future Recommendations
As of now, a fully sustainable production of vegetable
oil in the future is still uncertain, but it is certain that
there will be no future if sustainability is not taken
seriously. All parties, including producers and the
consumers, will have to make rational choices in order
to achieve a sustainable future. It is very unlikely for the
production of palm oil to grow like it used to without
any additional clearing of lands, but the large-scale
utilization of other existing oil crops can be even more
disastrous considering the lower oil yields of the other
oil crops. Thus, the solution may not be replacements,
but instead, feasible alternatives. It is not about
replacing palm oil, but exploring on an underutilized
source of vegetable oil to accommodate a small
portion of the ever-growing demand.
SCOs have a great potential in terms of sustainability. In
order to produce SCOs in a commercially feasible way,
the production has to be carried out at optimal efficiency
and minimum cost, possibly through the utilization
of low-cost substrates such as agro-industrial waste.
Although some studies on lowering the operation costs

of SCO production have been presented recently, but
more research and development efforts, especially in
the field of biorefinery, are required in order to be able
to achieve the commercialization of any sustainable
SCO production. Instead of focusing on the reduction
of costs, research to increase oil yield may also be able
to balance out the high operating costs.
Since the oil production mechanism of SCOs requires a
nitrogen limiting condition and the SCOs are basically
intracellular storage lipids formed at such condition,
the oil yield could potentially be increased through
stress-induced response, where the cells are further
deprived of the nitrogen supply in order to force the
cells to enter a phase of intense lipid storage. In this
phase, the carbon source should be forced to convert
into storage lipid materials. When the condition is later
returned to normal, the accumulated lipids can then
be mobilized, which means a higher oil yield can be
achieved.
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3D Printing 2.0. Artificial Intelligence and Machine
Learning have made possible for scalable 3D
printing as a new industrial revolution. With
hardware and software, quality control and scaling
are now possible for the manufacturing of almost
everything from tools and machines to food and human
organs (a $25 quadrillion market?). Welding tools and
even nanosatellites can now be made in space.
Climate Extremes. Whether it is flooding (Bangladesh,
S. China, Queensland, etc) or drought (Canada, US, S.
Europe, S. India, etc) agriculture and food production
will be seriously impacted. Many parts of S. America
and Australia may be spared to continue to help supply
the world’s food while supply disruptions from the
trade sanctions arising from the Ukraine-Russia conflict
get sorted out.

US Supreme Court overrules EPA and Obama’s Clean
Power Plan and Clean Air Act as states (e.g., West
Virginia) can face economic dilemmas in addressing
climate change. This is “a dangerous step backwards
and threatens our air and our planet; and sets a

troubling precedent both for what it means to protect
public health and the authority regulatory agencies
have to protect public health” – Dick Durbin. The ruling
court’s conservative majority has also recently ruled
against abortion and favoured a former high school
coach dismissed for praying at football games, fuelling
the debate on the separation of religion and state.
Rising Food Prices. Inflation and soaring food prices
are forecast to cause social unrests (mass migrations,
riots and protests). IEA forecasts crude supply will
struggle to meet demand even in 2023. This is not a
business cycle inflation or an event-driven “inflation
shock” from climate disaster, political disaster or
pandemic – these will correct by itself as consumers
and suppliers consume less and produce more,
respectively. When almost everything (food, oils,
energy and semiconductors) go up there is a money
problem, perhaps currencies are losing value. Rising
food and energy prices can be catastrophic for poorer
countries causing political upheavals. Vegetable oil
prices have just corrected (end June 2022) and a respite
to rising food prices may be coming.

Soaring Aviation Fuel Prices. Just as the world
emerges from pandemic lockdowns and borders
reopen, we find the pent-up demand to travel and are
faced with soaring jet fuel prices. Likewise, airlines and
airports, which may have been dormant for 2 years,
could not cope with the sudden increases in travellers
and air traffic.
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Governments will be empowered to control their
currencies as well as their peoples with the death of
cash as digital transactions can be readily tracked.
A digital $ will be an easy way for the US government
to destroy all the US$ created and sent around the
world and bringing debt to zero.
Krill oil supplementation supports skeletal muscle
function and size in older adults from a randomized
control trial, 2022 [DOI: htps:doi.org/10.1016/j.
clnu.2022.04.007]

Biofuels. Climate and ESG requirements are stretching
supplies of agri-resources whether corn or vegetable
oils. Just as in the US much corn has been diverted to
bioethanol for gasoline blending, cellulosic bioethanol
remains difficult to be produced economically.
Biodiesel, HVO and SAF from vegetable oils are also
insufficient to supply ambitious mandate targets
expected for 2030, even as the transition to EVs has
been delayed from shortages of semiconductors,
supporting infrastructures and supply chain
disruptions.
Reuters JAKARTA (July 6) Indonesia mulls more
frequent setting of crude palm oil reference price.
Indonesia is considering setting its crude palm oil (CPO)
export reference price every two weeks instead
of monthly, a senior Trade Ministry official said on
Wednesday (July 6), aiming to adjust quicker to fastchanging international market prices. The government
currently sets a monthly reference price based on
Indonesian, Malaysian and European CPO prices. That
price is used to determine the palm oil export tax
and levy each month. “Within a month, the [global]
price can be volatile. We are considering to set the
export reference price by every two weeks,” senior
official Veri Anggrijono told media on Wednesday.
Veri did not give a time frame for when a decision
would be made, but said authorities are hearing views
from stakeholders, government bodies and industry
participants about the proposal.
Digital Currencies. China’s e-yuan has been used
for a few years and the US has been studying the
US$ implementation while other countries (Japan,
Germany, India, France, the UK, Russia, Australia, Brazil
and Canada) are exploring and testing them. The IMF
admits digital currencies are “the future of money”.

viii

Climate Resilient Infrastructure. Last December,
floods devastated seven states in Malaysia. The water
from unprecedented torrential downpours damaged
infrastructure, living quarters, vehicles and other forms
of assets which caused an estimated RM 6.1 billion in
economic losses. The disaster took 54 lives and was
billed ‘the flood of a century’ by the government; but
experts warn that climate change will continue to
result in more extreme weather patterns and there
is growing pressure on the authorities to reassess
urban as well as disaster planning, and invest in more
sustainable and climate-resilient infrastructure.
The Blockchain Revolution. Once regarded an
enigma, Blockchain has now flourished with the
transformative potential to upend a wide range of
industries. From the recording of material in supply
chains and transparent peer-to-peer transactions in
finance, the possibilities it holds seem to be endless.
Blockchain represents nothing less than the next
wave of technological disruption and is enroute to
permeating our lives. Could this new technology be
the future of everything?
With sustainability as the next frontier of business, the
role of blockchain in sustainability is not to be dismissed.
Blockchain could boost sustainability credentials,
create opportunities in the commodity and energy
markets, reshape financial and legal systems, and
expand business potential towards Environmental,
Social and Governance goals. Despite its tantalising
potential, the ripple that blockchain has left in the
world of climate controversies is not to be forgotten.
To the crypto-skeptic, blockchain’s massive carbon
footprint remains an inherent climate catastrophe.
Thus, it is imperative that companies wielding this
powerful double-edged sword are able to weigh E,
S and G implications as they look to reshape the dull
1.5°C outlook while mitigating long-term risks.
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Orion Biosains & MPOB launch SureSawit™ Oil
Palm Seed DNA Testing Services. On 30 August
2022 – Orion Biosains Sdn Bhd and the Malaysian
Palm Oil Board (MPOB) jointly announced the launch
of SureSawit Oil Palm Seed Testing Services based
on MPOB’s ground-breaking SHELL gene technology.
Utilised at the earliest stage of the seed production
process, SureSawit ttesting enables the batch-bybatch DNA certification of high-performing and ultrahigh purity DxP tenera seeds.
The announcement and official launch event were held
at Orion Biosains’ high-tech DNA testing laboratory in
Puchong, Selangor and was officiated by YB Minister of
Plantation Industries and Commodities.
SureSawit™ Oil Palm Seed Testing Services represent
a game changer in improving the replanting supply
chain for the oil palm industry. The novel certification
process enables oil palm seed producers to screen

seed bunches to identify and market only the highest
purity DxP bunches and to eliminate low-performing
bunches which have high dura contamination from
the replanting supply chain.
The official launching of this testing service proves
that the Malaysian oil palm industry has now shifted
into a new paradigm of DNA-based technologies in
the supply of high-quality oil palm seeds. YB Minister
stated during the press interview following the launch:
“Using SureSawit Seed Testing as a mechanism for
seed certification, smallholdings, oil palm estates and
plantations are expected to increase their income by
producing more fresh fruit bunches (FFB), while palm
oil mills will increase their production with a higher oil
extraction rate (OER). Together they will generate up to
RM4.3 billion in additional economic output annually
across the oil palm industry, translating to a substantial
increase in profits”.
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CD36, Fatty Acids and Cancer. The University of East
Anglia and Quadram Institute researchers [Nature
Comunications, 2021] reported the mechanism of
CD36-mediated fatty acid uptake as the ”fuel boost”
to help hematopoietic stem cells to fight infection, e.g.
Salmonella. Fat stores provide the large fuel resource
needed to power up immune response. CD36 is a
signaling receptor and fatty acid transporter. The
metabolic shift towards fatty acid metabolism in
emergency hematopoiesis, may also happen in cancer
metastasis. Oleic acid upregulated the expression
of CD36 and this positively correlated with tumour
progression in patients with cervical cancer
[Cancer Letters, 2018]. Mammalian lipid droplets, long
considered as storage of fats for emergencies, are also
innate immune hubs integrating cell metabolism and
host defense. The single phospholipid monolayer can
be laced with antimicrobials to discourage invasive
viruses and bacteria [Bosch et al, Science 2020].
University of California-Davis found that 73 percent
of five top-selling imported “extra-virgin” olive
oil brands sold in the US did not meet standards,
implicating widespread olive oil adulteration with
cheaper refined oils [Olive Oil Times Dec 15 2021].
New UC Riverside research shows in mice
experiments that soybean oil not only leads
to obesity and diabetes, but could also affect
neurological conditions like autism, Alzheimer’s

disease, anxiety, and depression. Only soybean oil —
regardless of its linoleic acid content, GM modified
or not — appeared to be potentially harmful, the
researchers said. Coconut oil, other vegetable oils (like
olive oil), and other soy products (like soy sauce, soy
milk, tofu or edamame) do not appear to have the
same effect on the brain. [Poonamjot Deol, et al, 2020,
Endocrinology, https://doi.org/10.1210/endocr/bqz044]

US Stocks have climbed too high and too fast since
the dot.com crash in 2000 and as anticipated they have
finally come down in 2022. Tesla was selling in excess
of 328 times earnings and even Amazon was selling
at 68 times earnings. Other high flyers have either no
earnings or p/e of 4 digits. Will the retracing go all the
way down to the historical average? But this pain will
be unacceptable and the FED will have to intervene.
So far, the retracement has been orderly and panic-free
and with unusual low levels in VIX.
China Market. The Shanghai market had already
corrected after the government intervened to urge
successful tech companies to work for common
prosperity and standards while the property sector
needed to self-regulate on excesses in debt and
leverage. In realizing the prime importance of
economic growth there has been some concessions
also on the zero-Covid policy so that the Shanghai
market has been rising in contrast to the US and
EU markets.

x
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had continued to rise workers were not compensated
but only paid in “devalued” US$. During inflationary
times the elite 1% will not be much affected while the
90% will suffer. While the minimum wage in US is $14/
hr, the hard-core impoverished in Africa and war-torn
countries may have to survive on an incredible $2/day.

Another New Digital Coin to beat Bitcoin
Commodities have corrected earlier relative to
equities and remain relatively cheap. Still in the
throes of bearish territory with copper prices crashing
recently, the commodities market has recession worries
dominating, a new commodities cycle could only
emerge only later when US infrastructure spending
begins. Lumber prices just fell in late June 2022 while
shipping rates are just coming down after hitting
record highs. The current rush for renewable energies
will cause a stampede of soaring commodity prices
related to essential materials for new technologies
and will only be exacerbated by inflationary forces
as well as the imminent food crisis partly due to
climate disasters.

Wealth inequality in US between the top 1% rich and
the 90% working class has been widening since the US$
has left its backing by gold, even as corporate wealth

Stagflation. These are times of low growth and
economic uncertainties after the beginnings of
inflationary times, most developed countries are
anticipating stagflation rather than recession.
Economies continue to grow minimally with zero or
negative GDP growth while inflation remains. Most to
suffer will be countries with high unemployment.

Inflation. Central banks combat inflation by raising
rates but rising interest rates will put more pressure
on people with much debt in mortgages and credit
cards. Governments have to resort to spending on
infrastructure which create more problems of debt
creation. For savers, inflation is insidious in gnawing
away hard-earned money without returns.
Government debts, however can be inflated away
over time so that highly indebted governments will
have to inflate-or-die. In normal economic times
inflating ought to be self-correcting – high prices
discourage consumption but encourage producers,
so that there will be adjustments to a balance. Some
inflation is a natural by-product of the business cycle.
In boom times demand and prices go up only to cause
a bust where prices come down. Natural business
cycles are self-correcting as wars, droughts and floods
end.
The “inflate-or-die” trap is pre-meditated inflation
as debts become over-blown and cannot be repaid.
However, debts get inflated away as money loses
value. This is a dangerous situation for consumers
realizing inflation expectations. Instead of saving
money, people spend it quickly before it loses value,
therefore increasing the velocity of money, which in
turn increases the rate of price increases. Hyperinflation
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results. The cure for this is equally disastrous – halting
money printing, raise interest rates to very high levels
– leading to recession or even depression..
“Inflation is a very serious subject, you could
argue it is the way democracies die”, citing
examples from the Roman Empire, Adolf Hitler and
Latin America. – 98-year-old Charlie Munger
‘A man…with no means of filling up time is as
miserable out of work as a dog on the chain.’ –
George Orwell
Inflationary Transportation Energy Prices. The
closure of Russian sources of energy and other material
resources will mean higher costs from alternative
sources. Energy costs are expected to remain high as
transition to solar energy and EVs have been scuttled
with the shortage of oil and gas, crucial materials
and semiconductors. The lure of ESG and climate
savings will also mean high biofuel prices will persist.
At $120/bbl it means 7x120 = $840/MT or 4.4x840 ~
RM3,700/MT. Cost price of CPO is about RM2,100/MT;
cost of FAME biodiesel ~RM2,200/MT = 2200/1180 or
RM1.86 /L. California with green traditions sells gas at
about $6/gal or $1.585/L or RM6.3/L. Compare: Hong
Kong $2.96/L, Denmark $2.73, Singapore $2.34, New
Zealand $2.07/L. Malaysia enjoys subsidized petrol/
diesel at < RM3/L but it is $0/L in Brunei. Also compare
the production of renewable hydrogen at $4.5/kg for a
hydrogen economy.
5G Connectivity Needed. Self-driving EVs, life-saving
remote surgery & medical care, smart buildings, etc –
in fact all groundbreaking technologies need seamless
connectivity of 5G. Or will satellite Wi-Fi do the job
more cheaply? Perhaps with spectrum sharing the
Wi-Fi- 6G technology can provide solutions.
Economics will finally decide on the cross-over
point for EVs over combustion engines by 202223 at about $56 per kilowatt hour. With improved
batteries, cost and maintenance of EVs will be
considered disruptively cheap. And then there is the
promise of Taas (Transportation as a service), much
like Uber or Grab.
Hazel Henderson (1933-2022), D.Sc. Hon., FRSA, lifetime
futurist and worldwide syndicated columnist went
virtual (her own words) on May 21, 2022. Author of nine
books and hundreds of articles, with multiple Honorary
Dr. of Science degrees, Henderson is best known as a
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syndicated worldwide columnist and lifelong futurist
who 40 years ago forecasted the need for the current
transition from the fossil fuel era to the 21st century
green economy. Henderson, born in Britain, was a
naturalized US citizen who shared the 1996 Global Citizen
Award with Nobelist A. Perez Esquivel of Argentina.
She was remarkably proud that in the 1970’s the Public
Relations Society of America called her “the most
dangerous woman in America.” Henderson’s early prolific
writing predicted the overhauling of conventional
economic theory to take account of pollution,
resource depletion and social costs ignored by
company balance sheets and GDP, as described in her
groundbreaking The Politics of the Solar Age (1981).
As a result,Henderson was ostracized by the economics
community as she famously reiterated “economics is a
form of brain damage”.
She co-founded Citizens for Clean Air in New York City
in 1964, leading to the Air Pollution Index for weather
broadcasts. Henderson was named Citizen of the Year
by the New York County Medical Society in 1967 for
her environmental leadership and was recognized by
President Johnson on the signing of the Clean Air Act.
Her writings laid out the theoretical underpinnings for
societies based on renewable resources, energy, materials
efficiency, and social equity - beyond GDP. Her book,
Ethical Markets: Growing the Green Economy (2007)
won the Axiom Best Business Book Bronze Award in 2008.
In 2004, Henderson founded Ethical Markets Media,
LLC, (EthicalMarkets.com), producing the accessible
and acclaimed TV series covering corporate social
responsibility, ignored at the time by mainstream financial
media. Ethical Markets Media will continue to operate
from the Hazel Henderson and Alan F. Kay Library, which
houses their 6000-volume collection and the Henderson
and Kay archives.
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How many planet Earths do we need to live like in developed nations?
Nation
USA
Australia
Russia
Germany
Japan
France
Spain
Switzerland
Italy
UK
China
Brazil

# of
5.1
4.5
3.4
3.0
2.9
2.9
2.8
2.8
2.7
2.6
2.4
1.6

Nation
Singapore
Malaysia
Thailand
Vietnam
Indonesia
Phillippines
Cambodia
Pakistan
Haiti
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# of
3.7
2.7
1.5
1.4
1.1
0.9
0.9
0.5
0.4
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Older Li batteries need 6 times charging compared to
new forever (solid-state battery technology) battery
needing a single charge for 1000miles. With the size
of just a pack of cards the battery is fire/explosionproof and serves all EVs in a $5 trillion market (2035).
When used together with the Grid, as electrical energy
storage, it will be a $25 trillion energy market to let
fossil fuel to go obsolete.
Consuming large amounts of meat may increase
your risk of CVD, heart disease. People with a high
body mass index (BMI) who consume large amounts
of meat may be at an elevated risk for cardiovascular
disease (CVD), according to preliminary research
presented at ESC Congress 2021.
The team noted that the association between saturated
fat and CVD risk was unclear in prior studies. Their
findings, however, point to a possible explanation
that takes the food source into account. They took
close look at how saturated fat from a variety of foods
correlates with ischemic heart disease, stroke, and total
CVD.
“We found that saturated fat from meat may be
associated with a higher risk than other food
sources, in part because those consuming large
amounts of meat also had a higher BMI than low
consumers,” Rebecca Kelly, MD, of the University of
Oxford, said in a statement.
In addition, she added, it “is not possible to determine
whether this is because of a specific impact of saturated
fat from meat on BMI or because those with a higher
BMI consume more meat. In addition, it is difficult to
fully disentangle whether part of the effect of saturated
fat on cardiovascular disease may be through higher
LDL cholesterol in this cohort because cholesterollowering medication use is high in UK adults.” The
researchers tracked 114,285 participants from the
UK Biobank study. None of the participants had CVD
when the analysis began. The group’s eating patterns
were assessed to determine their typical consumption
of total saturated fat and saturated fat from different
foods, including dairy and meat. Body measurements
and lifestyle patterns were also considered. Study
participants were followed for almost nine years to see

xiv

whether they developed CVD. During the follow-up
period, total CVD, heart disease, and stroke occurred in
4,365, 3,394 and 1,041 people, respectively.
Taking into account multiple lifestyle, socioeconomic
and medical factors, data were analyzed to determine
if there were any links between consumption of total
saturated fat or saturated fat from different foods and
CVD outcomes.
The authors found that there were no clear associations
between total saturated fat and CVD outcomes.
Nevertheless, consuming 5% higher total energy from
saturated fat from meat was linked with significant
higher risks of total cardiovascular disease and heart
disease. These associations did not stay significant
after taking BMI into account, however.
World of Decentralized Finance (DeFi). According to
the World Bank, about two-thirds of the world’s adult
population has an account with a bank or a mobile
money provider. That’s 3.8 billion people. Right now,
depositors in the DeFi world can be earning up to
19.5%. That’s 139 times more than they could earn
with the average 1-year bank fixed deposit from usual
banks at about 0.14%. At the same time, if one logs on
to a DeFi and deposited strictly stablecoins, one could
earn 19.5%. That’s 139 times more than bank fixed
deposits. Millions of people, perhaps even billions,
would be delighted to earn half that much. And it’s
this yearning for yield — this huge, pent-up demand
for a decent rate of interest could be one of the most
powerful forces in the financial world today. This is
compared to their unfortunate deal they’re getting
from banks. For their hard-earned savings they’ve got
on deposit, they’re getting practically zero yield and
banks comment that they are keeping the money safe
for free and even provide a small giveaway.
It just goes to show the massive, pent-up demand for
a financial system that cuts out the middleman, that
gives people a decent yield, and that doesn’t charge
them indecent interest. It’s huge pent-up demand —
not just from millions of people, but from billions of
people! Now, the fast-growing world of Decentralized
Finance is giving all a brand new opportunity, it’s the
biggest investment opportunity for a half century ago.
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Bursting Bubbles. The current correction in
markets (2022) have seen many fortunes decimated,
in particular most crypto-millionaires have vanished.
The crypto-bubble has deflated, down about $2
trillion. Some crypto-coins were once assumed to have
taken over the role of preservation of money during
inflationary times and to replace the “barbarous
relic” gold, which however retained its value during
these volatile and speculative times.

occur again, but with our current knowledge and tools
for prudential monetary policy, certainly we can say
that a financial crisis will not occur in our lifetimes. –
Former Fed chief, now Secretary of the Treasury, Janet
Yellen

“When the tide goes out you find out who’s been
swimming naked” – Warren Buffett

Farming woes come from high fertilizer costs, now
that sanctions have targeted Russia. The expectation of
a green transition to use natural compost and manure
is unlikely to happen. The farmer struggles with the
real world of wind and weather and rising costs to
meet ESG expectations. If he can do without fertilizers
he would be happy to do it. But everything has a cost,
a return on investment, he could use a tractor powered
by a windmill if it is available.

Cryptocurrency projects such as non-fungible tokens
(NFTs) are “based on greater-fool theory” – Bill Gates
Greatest Financial Experiment. Total global pile
of debt is $303 trillion, a very large mind-boggling
number with 12 zeros. It seems convenient and easy
to avert recession by creating money by quantitative
easing (QE). Since the pandemic crash, $48 trillion was
added to the total debt. All are very large numbers
considering the world economy has a GDP of $85
trillion. Every 1% increase in interest rate adds $3
trillion to the cost of servicing the world’s total debt.
The epic credit bubble has been created and now it
has popped. The falling markets are telling of hard
times. “When the money goes, everything goes” –
as the saying warns, but consensual democracy may
be a casualty. Much of this has happened in the US as
the FED intervened boldly to protect the stock market
through several crises/crashes.
It was hoped that China could still be an engine
of growth if recession strikes the West but Beijing’s
zero-Covid policy is of concern as it also means
zero-tolerance on anyone who challenge the Covidzero policy. Recent concessions on Covid quarantine
provides hope as it coincides with relaxation on
crackdown on the excesses of technology and
property giants. But, “by its nature, capital pursues
profits, and if it is not regulated and restrained, it will
bring immeasurable harm to economic and social
development” – Xi Jingping
As for financial crises… well, haha, it would perhaps be
presumptuous to say that a financial crisis will never

“The wiser mind mourns less for what age
takes away than what it leaves behind” – William
Wordsworth

There is no free lunch in farming. Sow the wind;
reap the whirlwind – Hosea 8:7
For a while it seems any crypto-coin is a store of
value until it isn’t. Warren Buffet says he wouldn’t
take all the Bitcoin in the world for $25 as it produces
nothing and doesn’t deliver anything to anybody.
His better alternative is to invest in 1% of all available
farmland or rental income in the US. True enough,
Bill Gates is America’s largest farmland owner
with 242,000 acres. W. Buffet adds, the market is like
a “voting machine” as the mob votes for most loudmouthed baboons.
“Deception works best, according to studies by
psychologists, when the person doing the deceiving
is fool enough to be deceived, too big to fail;
that is, when he believes his own lies. That is why
incompetent leaders – who are naïve enough to fall
for their own guff – are such a danger to civilized life.
If they are modern leaders, they must also delude
themselves into thinking they know how to make
the world a better place. Invariably, the answers they
propose to problems are ones that bubble up from
their own vanity, the essence of which is to make the
rest of the world look just like them!” – William Bonner
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As Lincoln put it, you can fool some of the people all
of the time and all of the people some of the time.
From FOMO to FOHO. Participants of Asian markets
also see Fear of missing out (FOMO) when meme
stocks, imaginative coins and non-fungible assets
(NFTs) were riding high to crypto-heaven until they
succumbed to Newton’s law of gravity. Those who
survived had to swing like lightning to Fear of holding
on (FOHO) mentality. Bottom fishers are looking at
$20,000 Bitcoin but with a cathartic price crash there
are anxious rumours of insolvency, liquidity crisis and
bailouts.
Digital Nomads or Digital Workers are outcomes
from the Pandemic of people who can “work from
anywhere”. They are a new class of international
workers known as digital nomads and are welcomed
by many countries that want a boost to their travel
industry or even need new talent. Remote professionals
spend their money, invest and help tourism without
taking up local jobs but introduce international
connections with local knowledge workers, creating
new working environment with local communities.
Digital visas help these digital nomads, who value
“work-cations” combining work and tourism, with
incentives like tax holiday, accommodative visa and
insurance arrangements and suitable accommodation
to benefit the local travel and hospitality industries.
Countries with tourist hotspots are prepared for these
new group of remote workers, eg. Thailand, Portugal,
Spain, Australia, Germany UAE, Czech republic, Brazil,
etc.
Climate change deniers are talking of the great
climate scam and the pipe dream of carbon-zero
civilization. Crude oil has fallen from a recent peak
of $120 but climate change deniers are looking for a
comeback for oil, perhaps a record $200. Why not? It
has been asked as human civilization has grown and
advanced based on fossil fuels. All the hype on EVs
but it will take years to 2030 before they are seen as
the majority vehicle on the road and combustion
engines are replaced. These old vehicles will need to
be serviced with petroleum. With underproduction
and lack of new rigging, a sudden surge will see a new
oil crisis and oil peaking records.
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Another view – the present tempo for decarbonisation,
defossillisation and mandates for biofuel use is
like a runaway train waiting for an accident. Trying
to transition human civilization away from a fossil
hydrocarbon world using presently available resources
or high technology seems simplistic for a complex
problem. The food, shelter and conveniences we use
are all from fossil hydrocarbons in one way or another.
To assume that the presently available solutions can
solve the climate problem seems unrealistic. The
world is still much dependent on fossil energy directly
or indirectly even though renewable energies show
promise, the scale that they are needed may not be
surmountable yet. Developed rich countries may be
able to promise decarbonisation even though their
present status had been due to fossil energy over the
centuries. With all the promises of high technology and
biotechnology it may seem relevant to immediately
transition to a green planet. In reality, once stopping
fossil energy abruptly, the whole nation or continent
will go dark and all transportation will come to a
stop, then supermarket shelves go empty and the
consequent social consequences are too dreadful to
imagine. However survival instinctions will come into
action and nations will for the first time will cooperate
and help it other with a kind of physical and spiritual
awakening to be rational about future policies. It is an
unknown future and each problem has to be solved
one at a time as they come up.
And if the ‘green’ alternatives really were less
expensive than fossil energy, consumers would select
them without bribes; it is only because they are more
expensive (uneconomic) that the bribery (subsidy) is
necessary. The feds are subsidizing energy sources that
are inherently still more costly, not less… misleading
consumers about the real costs and changing how they
spend their money. So, it isn’t about ‘reducing costs
for people.’ It’s about raising them. And ultimately,
someone must pay the higher costs. Who?
The first was Roosevelt confiscating private gold in
1934. The second was Nixon abandoning the gold
standard in 1971. Now, Biden’s plan could pave the way
for “retiring” the US dollar. Your dollars could soon be
confiscated -- or made worthless. Paradigm Press LLC at
808 Saint Paul Street Baltimore, MD 21202
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“Diversification is protection against ignorance.
It makes little sense if you know what you are doing.”
– Warren Buffet
And in a news item earlier this week a fellow who is
an activist in energy, he said that he was very annoyed
with the gradualist approach taken at the COP26
UN conference. He said the way to do it needed to
be much more radical, that we just had to turn the
valve off. Well, you can imagine what would happen,
if you turned off the valve of diesel fuel in 48 hours,
all the supermarket shelves would be empty. And in
another 48 hours, almost all businesses would go out
of business and stop because they wouldn’t have fuel.
They wouldn’t have supplies, since the alternative
energy infrastructure is not yet robust or even ready.
They wouldn’t have any way to do anything. And then
in the three or four months that came next civilization
as we know it would come to a halt. It would just stop.
It can’t run. Everything moves by truck, train or ship.
Everything we eat, everything we wear, it all moves
by truck and almost all trucks move on diesel fuel.
– Bill Bonner
End of the world?
(1) Population explosion will lead to overpopulation
and will destroy the planet – [Paul Ehelich (Stanford,
1970)]. Now, the population is three times more at 7.5
billion. There was the agricultural revolution to produce
more food – there were scientific advances: ammonia
for nitrogen fertilizer can be made from nitrogen
and hydrogen as fossil energy was cheap, agronomic
advances have been made in farm mechanisation,
e.g. tractors/harvesters made for large-scale food
production, genetic engineered crops provide high
yields and new crops and useful species.
(2) Environment disasters, ozone-layer, acid rain
will destroy life – [UN, 2000]. Perhaps banning CFCs
did help to stop the ozone-hole and limiting S in
combustion fuels stopped acid rain.

(3) Inconvenient truth that earth will reach a point of
no return in 10 years without drastic measures as done
by COP now [GHG Global Warming, 2006]. Transition
to renewable energy now regardless of consequences.
Is the world ready?
“There’s an old saying in Tennessee — I know it’s in
Texas, probably in Tennessee — that says, “Fool me
once, — shame on you. Fool me? — you can’t get
fooled again.” – George W. Bush
What if they’re wrong?... and one that should always
be on our mind. What if they’re wrong about the
economy... about inflation... about climate... about
masks and vaccines and two weeks to flatten the curve?
What if they’re wrong about “the Fauci Effect”... about
the $433 billion Inflation Reduction Act... about $80
billion in “aid” to the Ukraine? The right to question?
Seems rational. But in the wake of the virus outbreak...
and the subsequent lockdowns that were imposed, on
the old and the young, the sick and the healthy, the
at-risk and the carefree... to say nothing of the vaccine
mandates, where people’s careers were destroyed,
their reputations sullied, their families torn apart, all
for standing up for nothing short of bodily autonomy...
to so much as ask the question was tantamount to
treason, to being against “The Science,” as if there were
such a thing, set in stone and impervious to skepticism.
(When of course, the exact opposite is true – science,
as a process, nourishes itself on the prying curiosity of
the skeptical mind.)
“Curiosity about life in all of its aspects, I think,
is still the secret of great creative people.”
– Leo Burnett
“Time is the friend of the wonderful business, the
enemy of the mediocre.” – Warren Buffett
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Obituary

DR LOKE KWONG HUNG
(1927-2022)

Dr.Loke dedicated most his working life to teaching
biochemistry to several generations of medical and
science students at the University of Malaya as head
and Professor in the Department of Biochemistry until
mandatory retirement. He returned to the National
University of Singapore to teach Biochemistry and
on retirement he continued to serve as a research
consultant to the Malaysian Palm Oil Board, then PORIM
until a final retirement. He is also well remembered
as founder member of Institute of Chemistry, Royal
Society of Chemistry (Malaysia Section) and Malaysian
Oil Scientists’ and Technologists’ Association. No
matter how accomplished he was in his career, he
would be most remembered for his kind and generous
spirit as he humbly carry out his duty in service without
any complaint. He set a good example for his children
(Karen Yee Kan and Ir. Loke Yin Pong) teaching them
honesty and integrity, the value of working hard and
being content with the simple things in life. He earned
the respect of many by the humble way he lived his life.

1.

On receipt of the Selangor-Kuala Lumpur Loke Clan
Association’s Invitation to its Spring Festival Dinner:
Born in Nanyang, I later delved into my roots
Now I am of Malaysia where my ancestors set foot
Family teachings reminded me of my historical origins
All the clansmen are well connected by heart strings

2.

In 1993 my brother and I searched for our ancestral
roots:
My brother and I searched for ancestral roots in China
My ancestors had ventured south and settled
in Kampar
Now a 5th generation Malaysian from once Red
Mountain Peak Village
But no more relatives there but clansmen still remain
till this age

He once admonished
environmentalists to
care for the planet
by first not using air
conditioners at home
by day and night, like
what he does all his life at home. One Biochemistry
professor commented that Dr Loke was a great
teacher dispensing the much needed biochemical
training and professional discipline in medicine and
healthcare but his services were not appreciated by his
employer. Indeed, in a spirit of loyalty he chose to be
in University of Malaya in Kuala Lumpur rather than in
Singapore to be part of a new institution which was
to become the leading university in the region during
those early years. Not many know that Dr Loke was a
talented Chinese language scholar, he contributed to
the local Chinese press. Some unfinished poems are
reproduced below with possible interpretations also
shown below:

3.

We found our ancestral village:
When I begin to understand things, I reminisced on
the village of my ancestors
My hair already had the wintry frosty look when I was
the visitor
As we walk through life and village, people we met
are like old acquaintances
Whom we thought we have met before in familiar
circumstances

4.

In 1954, my first year at Edinburgh University:
Tis my first year in Edinburgh University pursuing
a research degree
A first time, what joy a northern climate of autumn
to feel cool and free
Ascending the Edinburgh castle tower relaxingly
Thoughts of sweet home and sinking into melancholy
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