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elcome to the 13th issue of the Scientific Malaysian
magazine! The theme for this issue is one of the most
important scientific topics of our time: Environmental and
Climate Science. We have invited experts from a myriad of
backgrounds to discuss this topic in a range of contexts. But
before I get to that, let’s just get this out of the way: climate
change is real. The question now is (or should be), how do
we fight it?
To start off, we have an introductory article on Climate Change
101 from Juliana Ariffin (pg 2), one of our regular writers and
a postdoctoral research fellow in Harvard Medical School.
Next, Loo Yen Yi discusses the effects of climate change on
unpredictable events such as floods and droughts (pg 23).
Candice Lim, a Biotech graduate who writes science fictions,
tells a story set in a future where clean breathable air is not
free, but a traded product (pg 29). Dr. Lee Khai Ern talks
about the urgent need for Malaysia to rise to the challenge of
sustainable development and manage plans that strengthen
equality and economic growth while protecting our planet
(pg 32).
Moving down under, the Great Barrier Reef of Australia is
undergoing an unprecedented existential threat due to
global warming. Enakshi Sivasudhan writes about the causes
of this loss and how it indicates a potential mass extinction
(pg 37). Juliana Ariffin paints a formidable picture of the
future in a thought-provoking fictional piece, describing the
harsh reality of a world in which our efforts to fight climate
change is too little, too late (pg 47). Jerald Lim makes the
case for geoengineering as a viable, and possibly best way to
tackle climate change (pg 53).
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Renewable energy expert Raymond Cheah writes about
an unusual candidate to mitigate environmental pollution:
the palm oil industry (pg 61). In a personal essay, William
Tham regales us with stories from his experience chasing
the Northern Lights in some of the northernmost parts of the
globe, and how he began to understand the effects of climate
change in those territories (pg 67). Dr. Rawshan Ara Begum
gives us an overview of climate change in Malaysia and our
country’s effort in reducing the emission of Greenhouse gas
into the atmosphere (pg 15). In our SciMy Interview section,
Dr. Lee Khai Ern interviewed Professor Dato’ Dr. Mazlin Bin
Mokhtar, a professor in environmental chemistry at the
National University of Malaysia (UKM) on his research in
sustainability science and governance (pg 72).
Do write to us with any comments or feedback you have, or if
you would like to see a particular theme being featured. We
would love to hear from you: magazine@scientificmalaysian.
com.
This is also my last issue as this magazine’s Editor in Chief. I
will be handing over the baton to the brilliant Juliana Ariffin,
who is currently a columnist and editor on our team. It has
been an honour serving you, and I look forward to more
meaningful exchanges with you in the coming issues.
Have a delightful read.
Hwong Yi Ling
Editor-in-Chief
yilinghwong@scientificmalaysian.com
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The topic of climate change has never been hotter, but with all the
predictions, trending articles and heated debates by politicians claiming
‘aye’ or ‘nay’ about its existence and effects, it can be hard to get one’s
head around the topic. So, in this article, we’ll get back to basics and
review what the fuss is all about — with the key points that everyone
should know about climate change.

What Is ‘Climate Change’?

by Juliana Ariffin

human activity on Earth’s climate, primarily
in causing the heating of the Earth’s surface
temperature, which is termed global
warming.

Is Climate Change Really Happening?
Over 97% of publications by climate
scientists in peer-reviewed scientific
journals agree that climate change is
happening [1]. But due to the denial of a
handful of scientists and the influence of
politicians and big companies, this claim
has been subjected to much debate.

Temperature Anomaly (˚C)

Climate
Change
101

The term ‘climate change’ refers to changes
in the normal patterns of global or regional
climates. However, the way the term is used
nowadays normally refers to the effects of

.50
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Even so, data from four independent and
international scientific institutions shows
that the earth has been undergoing rapid
warming in recent decades, with the most
recent decade the warmest on record
(Figure 1).
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Figure 1: Temperature data from 1880 to 2020 from four international science institutions. Data sources:
NASA’s Goddard Institute for Space Studies, NOAA National Climatic Data Center, Met Office Hadley Centre/
Climatic Research Unit and the Japanese Meteorological Agency. (Image from NASA [2])

4

5

Are Humans Responsible For It?
Man-made climate change is widely agreed
by scientists to be caused by human
activities that exacerbate the ‘greenhouse
effect’—the entrapment of heat by
atmospheric gases, leading to heightened
warming of the Earth’s surface temperature
(Figure 2). Once released, these gases
persist in the atmosphere as they are longlived and do not react to temperature
changes like water vapour does. Thus, they
continue to block more heat as they collect
in the atmosphere. Among these gases
are carbon dioxide, methane, nitrous oxide
and chlorofluorocarbons (CFCs). Water
vapour is also classified as a greenhouse
gas, but in contrast to the other gases, it
reacts to changes in climate and is useful as

The Tipping Point
a feedback mechanism, increasing as Earth
becomes warmer. However, with increased
temperature, water vapour begins to
precipitate and form clouds. This results
in changing weather patterns with some
regions becoming wetter and some drier.
The global temperature has risen by more
than 1.5oF (~0.8oC) since the late 1800s
[3] (Figure 3). This phenomenon does
not correlate with natural causes but
does correlate with human emissions of
greenhouse gasses and other activities that
affect the reflectivity of the Earth’s surface,
such as deforestation, agriculture and urban
development [4].

We are already experiencing signs of
climate change. This includes abnormal
weather patterns and fluctuations, rising sea
levels, changes in animal territories, early
flowering or fruiting of plants, the melting of
mountain glaciers and the retreat of polar
ice sheets.
However, this is still the calm before
the storm. Scientists warn that once the
Earth has heated to a point of no return it
may reach a tipping point beyond which

the Earth’s temperature will stabilise
into an irreversible heating trend. This is
associated with the release of methane
from frozen deposits (methane hydrates),
the conversion of heat sinks into heat
absorbers (e.g. heat reflective Arctic sea
ice melts, becoming dark ocean water
that absorbs heat), the reduction of forests
due to their conversion into grasslands
and savannahs or forest fires, and ocean
acidification leading to changes in the
marine ecosystem (Figure 4).

Figure 2: Human
Influence on the
Greenhouse Effect. (Image
from the National Climate
Assessment [4])
Figure 3: Maps showing
temperatures across the
world in the 1880s (left)
and the 1980s (right).
Blue colours represent
cooler temperatures in
comparison to averaged
temperatures from 1951 to
1980, and red represents
warmer temperatures.
Two-thirds of the warming
occurred since 1975 at an
estimated rate of 0.3oF-0.4oF
per decade. (Image from
NASA [5])

Figure 4: Map of climate tipping elements, adjusted from Lenton et al., (2008), based on further analysis by
T.M. Lenton, reported in Richardson et al., (2011). (Image from Peter Carter Climate Emergency Institute [6])

What can we do?
The way we live now will change drastically
if nothing is done to halt or even reverse
climate change. Among the predicted
changes are that food would become
more expensive as animals and plants
are threatened by changing weather,
loss of habitats and loss of arable land.
The rising sea levels would affect marine

flora and fauna and engulf coastal areas
and low-lying nations such as Kiribati and
the Maldives as well as the historic city
of Venice. Due to this, rising food costs
and erratic weather patterns that lead to
natural disasters, we might expect to see an
increase in what is being termed ‘climate
refugees’.
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The complexity of the Earth’s climate and the far-reaching impacts of
climate change may make one wonder what a single individual can
do to avert disaster. But as individuals, we still have a lot of power and
ability to exert our influence if we:

Choose to Eat Less Beef
Cattle rearing uses up a lot of water and
massive amounts of land to grow feed for
the animals. The cattle themselves are a
big source of methane from the gases they
produce by burping and from their manure.
This results in a big impact on greenhouse

gas composition and a lot of wastage of
resources (Figure 5). If we all chose to
consume 40% less beef and dairy products
than we currently do, it would make a big
difference on the Earth’s resources and
environment (Figure 6).
Figure 6: Impact of reducing consumption of beef and dairy products. (Image source: The World Resources
Institute [7])

Consume Climate-Friendly Food, Consumables and Energy
We need to educate ourselves on what
foods, consumables and energy are
available to us that are climate-friendly and
that still suit our needs. Small changes in
behaviour such as reusing plastic bags (or
using biodegradable plastics); donating
or recycling used items (e.g. clothes, toys,
electronics) that will just end up in landfills
and pollute the environment if thrown away;
and choosing to use less energy (e.g. turn
off your lights, carpool, walk) or to obtain
energy from renewable sources (e.g. solar)
can make a big difference if practiced often
and by many people.
Besides choosing not to waste, it’s
important to be selective when choosing
to spend your money. Be aware that some
of the food-products or consumables

Figure 5: The environmental impact of beef consumption (Image source: The World Resources Institute [7])

you buy may have been made from
environmentally unfriendly material or
through environmentally unfriendly means.
Most of us who live in Southeast Asia are
troubled by the haze from the forest fires
in Indonesia which cause severe health
effects, forest depletion and endangers the
indigenous animals of the region. But how
many are aware that every time you buy
a pack of Nissin instant noodles, a can of
Pepsi, a bar of Kraft cheddar cheese, or eat
a healthy serving of Quaker Oats, you are
putting money into the pockets of Nissin,
PepsiCo and Kraft Heinz, some of the big
companies that irresponsibly profit from the
palm oil obtained from palm plantations
grown on land cleared by the forest fires in
Indonesia? [8]
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Vote for Authorities that Agree to Avert Climate Change and Hold
Them Responsible

ABOUT THE AUTHOR

To this date, 112 countries have formally
consented to uphold the recent Paris
Agreement held on 12 December 2015,
which is meant to come into effect on the
4th of November 2016 [9]. This agreement,
which aims to reduce greenhouse gas
emissions via fossil fuel usage and to keep
global temperatures from rising more than
2oC (3.6oF) by 2100 is a great achievement,
showing awareness and initiative for a
united global effort to combat the dangers
of climate change [10]. However, there
are no legal requirements or ramifications
of not upholding the agreement, and the
success of the agreement lies in global
peer pressure and the actions of the
individual governments that submitted their
ratification.

JULIANA ARIFFIN is a postdoctoral fellow researching liver inflammation
at Beth Israel Deaconess, Medical Center, Harvard Medical School. Prior to
this, she completed her PhD on human immune responses at The Institute
for Molecular Biosciences, The University of Queensland. In her spare
time she reads and writes fiction, dabbles in photography and considers
genetically engineering a zombie propagating virus to repopulate the
earth. Check out Juliana’s Scientific Malaysian profile at http://www.
scientificmalaysian.com/members/julianna/

We may think that we have little say or
responsibility as individuals and that it’s up
to the higher ups and global organisations
to make and enforce policies that will
benefit us. But all countries are made up
of single individuals who can make their
opinions known by voting, choosing their
individual day-to-day practices, by vocal
or written expression, or by choosing how
to spend their money. Hence, if you wish
to leave this world a better place than
we found it and allow future generations
to experience nature’s beauty just as we
currently can, don’t just stand by. Take
action and be the change you wish to see in
the world!
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Climate Change
& Malaysia

POLICIES & GENERAL INFORMATION
2001 - 2005

2001-2010
Small Renewable Energy Power Programme (SREP)

Beginning with Malaysia’s 8th
Development Plan, the government
identified the promotion of renewable
energy as a priority area

2002
Biomass for Generation and Co-Generation Project (BIOGEN)

2005 - 2010

2006-2010

Malaysia’s 9th Development Plan

Sarawak Corridor of Renewable Energy (SCORE)

Gave further impetus to the 8th
Development Plan policy objective

2010
Malaysia launched a National Policy on Climate Change to
mainstream and provide a framework for the country’s various
activities in this area. Under five principles, it contains 10 policy
goals and 43 key actions, with a focus on climate change
mitigation, adaption, and capacity building.

2010 - 2015
Malaysia’s 10th Development Plan
(also known as the 10th Malaysia Plan)

2013

Malaysia’s rank in the
world as a greenhouse
gas emitter:

Emission intensity was reduced by 33%
this year compared to 2005

21

1. China
2. USA
3. European Union

50

0.52%

Malaysia’s
contribution to
the world’s
carbon emissions

Top 3
greenhouse gas
emitters:

UP TO & INCLUDING

LARGEST

2020

EMITTERS OF

Economy Wide Targets

GREENHOUSE

Voluntary reduction of up to 45% in
emissions intensity of GDP by 2020
compared to 2005 on condition of
receiving adequate and effective transfer
of technology and finance from certain
countries

GASES IN
ASEAN1:

1. Indonesia
2. Vietnam
3. Thailand
4. Malaysia

: ASEAN = Association of Southeast Asian Nations. This
includes Brunei, Cambodia, Indonesia, Laos, Malaysia,
Myanmar, Philippines, Singapore, Thailand & Vietnam

1

QUICK
UNITS
GUIDE
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MW:

Megawatt
Measures energy conversion

ktoe:

Kilotonne of oil equivalent
1 ktoe = 1000 toe
1 toe = amount of energy released when 1 tonne of crude oil is burned

1 Megawatt = 1 Million Watts
1 Watt = 1 joule per second

ENERGY SUPPLY
Where is Malaysia’s Primary Energy Sourced From?*
* The content below represents information accurate for the year 2012, in Malaysia

45%
33%
19%
3%

NATURAL GAS
Almost 39,000 ktoe

CRUDE OIL
About 28,000 ktoe

COAL & COKE
15,900 ktoe

HYDROPOWER
2,100 ktoe

Renewable Energy Projects in Malaysia
National
Renewable
Energy Policy &
Action Plan

Small
Renewable
Energy Power
Programme
(SREP)

Part of Malaysia’s 10th
Development Plan

Approved 43 projects
by March 2010

Aim: achieve renewable
energy target of
985MW by 2015

Producing a total of
286.15MW of
electricity

985MW = 5.5% of the
total electricity
generation mix
September 2015 result
came to 319.55MW,
target was not met

Biomass for
Generation &
Co-Generation
Project
(BIOGEN)

Develops &
implements biomass
power generation
programmes in the
palm oil sector
Example of a
significant
programme: 14MW
power plant in Sabah
that generates
electricity from palm
oil residues

Sarawak
Corridor of
Renewable
Energy
(SCORE)

Primary focus: to
develop 28,000MW
of hydropower in
Sarawak
Programme’s
centrepiece is the
Bakun hydropower
dam
Completed in 2011,
the Bakun dam has a
production capacity
of 2,400MW
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tCO2e:

Tonnes of carbon dioxide equivalent (tonnes of CO2e)
Measures the impact of greenhouse gas emissions relative to carbon dioxide (CO2).
This is dependent on the global warming potential (GWP) of each greenhouse gas where
CO2 is standardised at 1.
Example: Methane has a GWP of 25. Therefore, 1 tonne of methane is equal to 25 tCO2e.

ENERGY DEMAND

DEFORESTATION
Deforestation in Malaysia from 2000-2012:

What is Malaysia’s Energy Used For?

OTHER
57%

Manufacturing

MANUFACTURING
43%

is the biggest final
energy consumer

Towards a More Energy Efficient Malaysia
The National Energy Efficiency Action Plan was released by
KeTTHA in January 2014 in draft form for consultation. The plan:
Is taking place over
10 years

Aims to achieve a
reduction of 6% in
electricity demand
growth

Forecasts a total
reduction of 90
million tCO2e over
the lifetime of the
energy-efficient
technologies adopted

KeTTHA
Stands for:
Kementerian Tenaga,

of forest cover lost

Teknologi Hijau dan Air
Which is Malay for:
The Ministry of Energy,
Green Technology and
Water

Malaysia has also
introduced several fiscal
incentives for energy
efficiency...

14.4%

... Such as a

100% tax exemption of
statutory income for a
period of 10 years for
companies providing energy
conservation services

This equates to
47,278 km2 of
forest cover lost,
an area larger
than Denmark

This loss of tropical
forest was offset by a
25,978km2 gain in
forest cover from
plantations

Industrial Timber
Plantations

Palm Oil
Plantations

The Government’s
Pledge

1992 :

Year the Rio Earth
Summit takes place. The
Malaysian government
makes the pledge for the
first time.

50% :

Proportion of forest and
tree cover (out of the
total land area of
Malaysia) that the
government pledged to
maintain.

2009 :

Copenhagen COP takes
place, the pledge was
reiterated here.

2014 :

The pledge was
reiterated again this year
in the Fifth National
Report to the Convention
on Biological Diversity.
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TRANSPORTATION
Legislations Affecting Transportation & Climate Change
2004-2006
The Malaysian Government reportedly provided USD26.8m in
subsidies to support the launch of its National Biofuel Policy.

2006

Malaysia launched a National Biofuel Policy to promote the
production and consumption of the biodiesel from palm oil.

2010

A Government Transformation Programme (GTP) Roadmap
was launched. It included improving urban public transport as a
key result area and targeted the increase in public transport modal
share in Klang Valley to 25% by 2012.
This target was not achieved (the share of public
transport reached 21% by 2013), but it has remained in
place as a target for future versions of the GTP Roadmap.

GLOBAL EFFORTS

TACKLING
CLIMATE
CHANGE &
MALAYSIA’S
EMISSION
REDUCTION
TARGET

Malaysia has initiated and partakes in various initiatives related to climate change adaptation:
The Paris Agreement was
ratified by Malaysia along with 113
other nations2. The agreed terms
are summarised as follows:
The Coral Triangle Initiative is a multilateral
partnership of six countries: Malaysia,
Philippines, Indonesia, Timor-Leste, Papua
New Guinea and Solomon Islands.

The group was assembled to protect the
region’s marine and coastal ecosystems.

To keep global temperatures to 1.5-2.0 degrees
Celcius above pre-industrial times.
To limit the amount of greenhouse gases
emitted by human activity to the same levels
that trees, soil and oceans can absorb naturally,
beginning at some point between 2050 and 2100.
To review its contribution to cutting emissions
every five years.

It recognises that global marine and coastal
ecosystems capture and store more than
30% of man-made carbon emissions.

For rich countries to help poorer nations by
providing "climate finance" to adapt to climate
change and switch to renewable energy.

: A total of 114 nations have ratified the Paris Agreement as of 28 November, 2016.

2
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AT A GLANCE
Climate change is an unequivocal fact and many of the observed changes are
unprecedented. More than half of the observed increase in global average surface
temperature was caused by the increases in greenhouse gas (GHG) concentrations
due to human activity. Malaysia is also experiencing a warming trend with an
increase of mean surface temperature from 0.6°C to 1.2°C and facing an increase
of rainfall intensity and sea level rise. To tackle climate change, Malaysia has
voluntarily pledged to cut its emission intensity (per unit of GDP)1 by up to 40%
by 2020 and 45% by 2030 compared to the levels in 2005, with some conditions
applied. How is Malaysia doing to achieve this emission reduction target?
1Total carbon emissions per unit of Gross Domestic Product (not an absolute reduction of carbon
emission)

Climate Change in Malaysia
According to the Intergovernmental
Panel on Climate Change (IPCC) Fifth
Assessment Report, warming of the
climate system is unequivocal. The
atmosphere and oceans have warmed,
the amounts of snow and ice have
diminished, sea levels have risen, and
the concentrations of greenhouse
gases have increased [1]. Almost the
entire globe has experienced surface
warming based on the observed surface
temperature change from 1901 to 2012 as
shown in Figure 1.
Malaysia has also experienced a
warming trend for the past few
decades. The Malaysia Second National
Communication (NC2) has reported
the observed and projected climatic
changes (Table 1). The projections are
based on the medium range emission
scenario. In Malaysia, the mean surface
temperatures have increased from 0.6°C
to 1.2°C over 50 years (1969-2009) and
are projected to increase from 1.5-2°C by
2050. Although there is no appreciable

difference in the rainfall amount from the
observed data, it is projected to change
in both Peninsular Malaysia and Sabah
and Sarawak. Rainfall intensity and sea
levels were both projected to increase.
Based on the projections above, climate
change would have presumably negative
impacts on key economic sectors
such as agriculture, water resources,
forestry and biodiversity, coastal and
marine areas, energy and transport and
public health. Some of these impacts
include reduced crop yields (especially
for economically important crops such
as oil palm, rubber and paddy), water
consumption and irrigation shortages,
floods, land erosion, encroachment on
sensitive habitats with resulting impacts
on biodiversity, coral bleaching, damage
to infrastructure, impacts on equipment
efficiency, and increased transmission
of diseases like dengue, malaria and
cholera. All these impacts of climate
change may cause negative socioeconomic change, including deterioration
in economic growth, livelihood

▲ Figure 1: Observed change in surface temperature 1901–2012 (Credit: IPCC, 2013)

TEMPERATURE

OBSERVED

PROJECTED (BY 2050)

0.6-1.2°C per 50 years (19692009)

• 1.5-2°C increase

No appreciable difference

• (-) 5% to (+) 9% change in regions within
Peninsular Malaysia

RAINFALL
(AMOUNT)

RAINFALL
INTENSITY

SEA LEVEL RISE
(SLR)

• (-) 6% to (+) 11% change in regions within Sabah
and Sarawak
Increased by 17% for 1 hour
duration and 29% for 3
hour duration (2000-2007
compared to 1971–1980)

• Increase in extremes within wet cycles

1.3 mm/yr (1986-2006, Tanjung
Piai, Johor)

• 0.5m rise (Global high worst case at 10mm/yr)

▲ Table 1: Observed and projected climate change [4]

• Increase in frequency of extreme weather
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opportunities, actual incomes, workforce
capacity and human health.
IPCC (2013) reported that more than
half of the observed increase in global
average surface temperature from 1951
to 2010 was caused by human activity,
resulting from increased GHG levels. The
report also stressed that GHG emissions
between 2000 and 2010 are the highest
inhuman history, growing on average by

1.0 GtCO2eq (2.2%) between 2000 and
2010 compared to 0.4 GtCO2eq (1.3%)
between 1970 and 2000. Continued
emissions of GHGs will cause further
warming and changes in all components
of the climate system. Thus, limiting
climate change will require substantial
and sustained reductions of GHG
emissions.

Malaysia’s Participation in the Kyoto Protocol
and Paris Agreement
In relation to the reduction of global
emissions, the Kyoto Protocol was
negotiated in December 1997 and came
into force in February 2005. The Kyoto
Protocol is an international climate
change agreement that legally binds
industrialised countries to reduce their
collective emissions of greenhouse gases
by 5.2% in comparison to emission levels
in 1990. A total of 192 parties including
European Union have signed and ratified
the Kyoto Protocol for achieving global
agreement to fight climate change.
However, the United States of America,
one of the world’s leading emitter signed
the treaty but did not ratify whereas
Canada had withdrew its acceptance
to its protocol. The Protocol had two
commitment periods, from 2008 to
2012, and 2013 to 2020. The Protocol
was amended in 2012 to accommodate
the second commitment period but
this amendment has not entered into
legal force. The Kyoto Protocol was
based on the principle of “common but
differentiated responsibilities” placing the
burden on developed countries to cut the
global emissions.
Meanwhile, in 2015 during the 21th
Conference of Parties (COP21), a new
agreement called the Paris Agreement
was negotiated and entered into force

on 4th November 2016. A total of 197
countries signed the Paris Agreement
aimed at reducing carbon emissions
by 2030. The Paris Agreement is also
a legally binding global climate deal
and sets out a global action plan to
put the world on track to mitigate the
effects of climate change by limiting
global warming to well below 2°C,
and, if possible, below 1.5°C. The Paris
Agreement identified the following
crucial areas as essential to achieve its
goals:

global response to the threat of
climate change through nationally
determined contributions (NDCs). The
Paris Agreement will replace the Kyoto
Protocol, which expires in 2020.
As a participant of the United Nations
Framework Convention on Climate
Change (UNFCCC), Malaysia ratified
its commitment to the Kyoto Protocol in
September 2002. The Kyoto Protocol is
not legally binding for Malaysia as it is
one of the Non-Annex 1 parties (which
includes mostly developing countries).
Nevertheless, during the 15th Conference
of the Parties (COP 15) Copenhagen
in 2009, the Government of Malaysia
committed to a voluntary reduction of up
to 40% in terms of emissions intensity
per unit of GDP by the year 2020
compared to emission levels in 2005,
conditional on its receiving technology
transfer and adequate financing from
developed countries. Ahead of the

negotiations in COP 21 in Paris, all
countries were asked to put forward
a target for emission reduction in the
period after 2020, known as Intended
Nationally Determined Contribution
(INDC). According to Malaysia’s INDC,
the country intends to reduce its GHG
emissions intensity (per unit of GDP) by
45% by 2030 relative to the emissions
intensity in 2005. This reduction consists
of 35% on an unconditional basis and
a further 10% conditional upon receipt
of climate finance, technology transfer
and capacity building from developed
countries [2]. Furthermore, Malaysia
is in the process of ratifying the Paris
Agreement, which would allow Malaysia
to participate in the reduction of global
carbon emissions.
Figure 2 shows the percentage of
sectoral sources of GHG emissions in
Malaysia and Table 2 presents the GHG
inventory for 2011 [3]. The GHG inventory

• Mitigation – reducing emissions fast
enough to achieve the temperature
goal.
• A transparent system and global
stock-take – accounting for climate
action.
• Adaptation – strengthening ability of
countries to deal with climate impacts.
• Loss and damage – strengthening
ability to recover from climate impacts.
• Support – including finance, for
nations to build clean, resilient futures.
Countries need to work to define a
clear roadmap on ratcheting up climate
finance to USD 100 billion by 2020.
The Paris Agreement proposes a

▲ Figure 2: Malaysia’s GHG Emissions by Sector in 2011 [3]
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describes the national emissions and
sink (anything that removes or absorbs
GHGs from the atmosphere) in terms of
million tonnes carbon dioxide equivalent
(Mt CO2eq). Energy sector was the
highest sources of GHG emissions
followed by waste, industrial processes

and agricultural sectors. Within the
energy sector, the largest GHG emissions
came from the energy industries,
transport and manufacturing and
construction sectors.

SECTOR

EMISSIONS
(Mt CO2eq)

ENERGY

218.914

INDUSTRIAL PROCESSES

18.166

AGRICULTURE

15.775

LAND USE, LAND-USE CHANGE AND FORESTRY (LULUCF)

2.490

WASTE

34.885

TOTAL

290.230

NET TOTAL (AFTER SUBTRACTING SINK)

27.284

▲ Table 2: GHG Inventory for 2011 [3]

Greenhouse Gas Emissions in Malaysia
In 2011, Malaysia’s total GHG emission
was 290.23 Mt CO2eq (Table 2). Taking
into consideration emissions sink from
land use, land-use change and forestry
(LULUCF), the net GHG emissions were
27.28 Mt CO2eq. It is notable that there
was huge CO2 removal, amounting to
262.946 Mt CO2eq, by the LULUCF (land
use, land-use change and forestry )
sector. Within the LULUCF sector, the
largest emission sink came from our

country’s remaining forest land and
the sole emission was from forest land
converted to other land use.
Malaysia has undertaken a number of
mitigation (emission reduction) and
adaptation (to reduce the impacts and
risks or exploit beneficial opportunities)
strategies to tackle climate change. As
per the Biennial Update Report to the
UNFCCC, Malaysia has achieved about

33% reduction of carbon emission
intensity per unit of GDP by considering
the LULUCF approach in terms of both
emissions and removals [3]. Major
mitigation actions include implementing
renewable energy and energy efficiency
efforts, green technologies, sustainable
forest management and sustainable
waste management through recycling
and effluent treatment. Based on these
strategies, Malaysia aims to achieve its

emission reduction targets through a
mix of mitigation actions, the removal
of carbon emissions by forestry and
implementation of various national
policies including the National Policy
on Climate Change and National Green
Technology Policy. However, balancing
mitigation and adaptation actions is
necessary for Malaysia to start the
transition towards a climate-resilient
development and low carbon economy.

SINK
(Mt CO2eq)
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CLIMATE CHANGE
AND THE
SOUTHEAST ASIAN
MONSOON
By Loo Yen Yi

AT A GLANCE:
• Climate is the long-term pattern of temperature
and rainfall.
• The increase in the intensity of weather systems
caused by rising temperatures may delay the start
of monsoon season by about 15 days.
• Climate change increases unpredictable events
such as floods and droughts.
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limate change due to human activity is
happening right now. We do not have
time to debate about it. Whether we
will be able to cope with the consequence of
rising temperature depends on our ability to
predict the weather systems and cope with
the damages.
There is a difference between climate
and weather. Weather is the day-today condition forecast, i.e. rainy, sunny,
cloudy, hot or cold for the next few hours or
days. Climate is the average atmospheric
conditions over a period of several decades.
It is usually measured in temperature,
rainfall, or it can be indicated as carbon
dioxide concentration, which contributes to
temperature changes because it acts as a
greenhouse gas that warms up the air within
the atmosphere.
Seeing the temperature difference in this
way allows us to understand the larger scale
differences and how it affects the global
atmospheric processes. Figure 1 shows
how the climate has been changing since
the 1850s and there is a clear pattern of
increasing temperature, which has been
linked to increased rainfall [1].
Climate change deniers would argue that the
climate had changed in the past, and that we
are only passing through another phase of a
warm spell. However, the rate of temperature
increase in our period has no historical
parallel. In fact, there was a gradual cooling
trend for the past 1,000 years until the start of
the Industrial Revolution in the 1760s [3].
This rapid rise in temperature in such a short
time presents many abrupt changes that life

on Earth would struggle to adapt. One we
can relate to, closer to home is the monsoon
season of Southeast Asia (SEA). The recent
unpredictable flooding has damaged lives,
and farmlands with a huge economic burden.
The monsoon seasons are governed by
global weather systems, so it is important to
understand the fluctuations in the monsoon
season and rainfall (variability), and how
climate change has an effect on monsoon
seasons.
Tilting of the Earth and the difference in
solar radiation received between land and
sea creates the monsoon weather systems
(Figure 2). Furthermore, the northern
hemisphere is warmed more than the
southern hemisphere as it has more land
mass. This causes the opposite seasonality in
the north and the south.
This seasonality is important in regulating
the monsoon rainfall regime. The dry season
in southeast Asia during the east Asian
(EA) winter monsoon is caused by both
the decrease in temperature in the north
during winter resulting from the cooling
of the northern hemisphere and the anticyclones caused by the reduced atmospheric
pressure. During the EA summer monsoon,
the landmass in the north warms up and the
monsoon winds transports the rising warm air
to the southern hemisphere [4].

FIGURE 1: This graph shows the climate variability beyond the respect of individual weather events [2].
Because of the many different methods used in collecting temperature data before the 1850s, the National Oceanic
and Atmospheric Administration (NOAA) have decided to measure the change in temperature after the invention
of mercury thermometers in the 1850s. This figure shows the global surface temperature anomalies of June from
1880 through 2016 with respect to the 20-century average. A positive value of a temperature anomaly denotes an
increase in temperature, and a negative value represents a decrease from the normal temperature.

Several other weather systems affect and
are affected by the monsoon seasons. The
Siberian High, or Siberian Anticyclone,
collects cold and dry air and accounts for the
lowest temperatures and highest pressures
from September to April each year. The

“Climate change deniers would argue that the climate had
changed in the past... However, the rate of temperature
increase in our period has no historical parallel
”
FIGURE 2: Asian monsoon systems. Source: http://www.cpc.noaa.gov/products/Global_Monsoons/
Asian_Monsoons/Asian_Monsoons.shtml
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“Many of us would have heard about or seen devastating

flooding events happening in Malaysia... These abnormal
flooding patterns tell us that the monsoon rainfall is
changing, most possibly due to global warming

”

Siberian High influences the EA winter monsoon
– a strong Siberian High leads to a strong EA
winter monsoon.

season and caused major flooding events on
the 24th of July 2004 that claimed 1,000 lives
(Figure 3).

There is also another weather system playing in
this orchestra and that is the Arctic Oscillation.
Generally, a high atmospheric pressure in the
Arctic is usually coupled with a low atmospheric
pressure in the northern mid-latitudes [5]. The
weather and climate of the Arctic influence the
intensity of Siberian High to some extent, which
in turn affects how strong its winter monsoon
will be.

The monsoon season is also becoming less
predictable. We might be receiving bouts of
heavy rain in one year that causes these floods
and then dry spells in the next. From statistical
models, scientists found that in countries closer
to the equator, such as Malaysia and Singapore,
experience rain and drought in a 10-year cycle.
For Philippines and Thailand, which are slightly
further north, it is a 30-year cycle [12].

The EA summer monsoon, however, is
dominated by the western Pacific Sub-tropical
High (WPSH), which in turn is affected by the
atmospheric temperature. An interesting study
showed that the WPSH had shifted westward
from 133.5°E in the 1970s to 119.5°E between
1980 - 1999 [6]. That is a shift of 14° or about
1556 kilometres! Scientists believe that this shift
was due to the warming of the Indian Ocean and
the West Pacific [6, 7].

Flooding events in the 20th century proved that
too much rain is bad news. Often we hear stories
of infrastructure damage, resident eviction, and
the cost of human lives. In addition to that, it can
trigger landslides that consequently damage
roads and vehicles as well as claiming lives [13].

It is also important to note that the monsoon
season of Southeast Asia will be delayed up
to 15 days according to scientists’ predictions
[8]. What’s more, it is predicted so because
of global warming from the late 21st to early
22nd century, and we will receive about 70%
less rain during the monsoon seasons in India
and Southeast Asia [9]. This will cause major
water availability issues especially for the Indian
population because they rely heavily on these
monsoon rains. In the past, north-eastern India
and Bangladesh received an early monsoon
FIGURE 3: The prediction of future change in (a) precipitation (mm/day) and (b) monsoon start date, or onset
(days) over India. (a) The darker the red, the less rain will be received; the darker the blue, the more rain will be
received. (b) There may be a delay on the onset of the summer monsoon from 10 (orange) to 15 (red) days in India
[11].

Many of us would have heard about or seen
devastating flooding events happening in
Malaysia. Many of the flooding events in SEA
are associated with the summer monsoon
downpour. These abnormal flooding patterns
tell us that the monsoon rainfall is changing,
most possibly due to global warming.
The change in monsoon patterns might not
have been obvious before, because it changes
seasonally, and perhaps we have not lived
long enough to feel the changes since the
pre-industrial ages. Nevertheless, monsoon
changes are happening, and the monsoon
systems will continue to be a destabilising factor
over the years if we do not act now.

Want to know more? Check out our recommended resources:
•

Intergovernmental Panel of Climate Change. (2014). Climate change 2014: Synthesis Report.
https://www.ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5_FINAL_full.pdf

•

COP22. (2016). UN Climate Change Conference. http://www.cop22.org/

•

The relationship between Indian Ocean sea–surface temperature and East African rainfall.
http://rsta.royalsocietypublishing.org/content/363/1826/43.short
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eciting the speech for the last of seventy
times, I sprawled in the sleeping pod.
This auction would be my first live
encounter with other New Humans; flesh to
flesh, no technological intervention. Ignoring the
microdrones in my tummy, I played the footage
on the smart mirror. “That should be enough,” I
sighed, ignoring the few ‘uhs’ and ‘ums’.
After the three-beep fanfare, Dandelion the AI
assistant announced through the PA system,
“Doctor Wallis, your first guest, Mister Jheng, will
arrive in five minutes.”
I knew all about Sebastian; robopreneur, space
travel enthusiast, and father of two daughters.
His wife was a virtual educator in a VR
playschool. Though we had been cyberfriends
for one decade, the idea of seeing him in

person made my little heart jump.
“It’s fiftieth century, Doctor Wallis. Why trouble
your guests to come over when you could’ve
held an online auction and utilised the
Wormhole Post Portal?” asked Dandelion.
“It’s a special event for me. I want to meet the
buyers.” I fixed the collar of my cold suit. Usually
I only wore a cold suit outdoors to fend off heat
in the thin atmosphere but the auction was a
formal event and I wanted to give a great first
impression.
“Perhaps are you looking for a relationship? A
trial run with potential targets, Doctor Wallis?”
I snapped my fingers twice to turn off the PA
system.
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My HoloWatch sprang to life. “So I was right; it’s an
undercover matchmaker. Well, Mister Jheng has
arrived.”
Excitement propelled me into the vacuum elevator
to the lobby. I glided across the spartan guest
chamber to the automated door. “Allow access.”
The chrome door slid open; Sebastian Jheng in his
gray cold suit smiled and extended a gloved hand
to me. He must have been rehearsing.
“Pleasure to meet you, Doctor Cady Wallis; star
archeobiologist and agropreneur.” His voice
sounded robotic through the oxygen mask.
I took his hand. My first human touch in
twenty-eight years. As an orphan raised and
homeschooled by droids, that was quite an
accomplishment. “Uh, welcome to my place. You

may remove your oxygen mask now. The dome is
oxygen-circulated.”
Removing the translucent device, Sebastian
took a deep breath. “Luckily you have an oxygen
circulator. My kids and I are allergic to low oxygen.”
“Don’t worry. The oxygen level in every room is
regulated by the InTileGent Health Monitoring
Flooring System.”
Sebastian nodded. “Where are the rest?”
“You are early, Mister Jheng.” I smiled. “Do you
remember the Premodern Greenhouse I told you?”
“Of course I do, Doctor Wallis. It’s genius.”
“Please allow me to show you.” I walked Sebastian
through the glass aerobridge to the hanging

dome. The greenhouse was my private retreat,
even Dandelion had no access to it. Opening the
door, minty air brushed into the aerobridge.
“Welcome to the thirtieth century.”
Potted archaic plants lined on the seven-tiered
shelves, each supplemented with water and
artificial nutrients through nanotubes. Only a
couple of weeds now became rare gems survived
the mass extinction that wiped out the Old
Humans. Even in the chilled chamber, we could
feel the warmth of the sun that had been a red
blotch in the grayish haze.
“This dandelion for the auction.” I placed the plant
on the observatory podium. “Personal favorite.”
“I could tell from your AI.”
“So which one are you taking home?”
“Actually none.”
I stared at him wide-eyed.
“I attended your latest webinar.” Sebastian
surveyed the plants. “The one about your Green
Earth Project.”
“Oh, what do you think?”
“That idea…is ridiculous. When plants reign the
planet, the public will have free access to oxygen
and foods. Guess how many industries will go out
of business?”
“Is that more important than creating a selfsustaining planet? Didn’t you read about the
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electricity outage in City P2-5-067? One hundred
and twenty-five casualties just because of the
oxygen circulator failure. What if that happens to
your children?”
“My house has an emergency power system.
Too bad they did not follow the regulations. A
green world was the idea of the past when the
Old Humans had to depend on lower species for
survival. We, New Humans, can sustain ourselves
with technology. As a friend, I reckon you to leave
that primitive idea where it belongs. Do your
species a favour.”
The auction commenced in the guest chamber,
minus Sebastian Jheng, who left before it started.
The dandelion along with four rare weeds
were sold for three billion dollars, which would
contribute to Green Earth Project. When the last
guest left, I returned to the greenhouse.
“InTileGent detected a drop in your serotonin
level after the meeting with Mister Jheng, Doctor
Wallis,” noted Dandelion through the HoloWatch.
“I don’t know if I am doing the right thing anymore.
Sebastian had a point. Green Earth Project is
going to hamper the economy. We will fall back to
the primitive ways of the Old Humans.”
“That is Mister Jheng’s definition of primitive,
Doctor Wallis. What’s yours?”
My mind cleared. Who actually were the primitive
ones; the self-sustaining Old Humans or the
technologically advanced New Humans? Tapping
on my tablet, I projected the blueprint of Green
Earth Project into a hologram. “Sebastian was
right. It’s time to do my species a favour.”
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science fiction and fantasy (SFF) writer working to publish her first
trilogies and pursue a scientific entrepreneurial venture. Find out
more about Candice by visiting her Scientific Malaysian profile at
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Rising to the
Challenge:
Malaysia’s
Contribution
to the
Sustainable
Development
Goals

T

hanks to the proposal of the Planetary
Boundaries concept1 (Figure 1) by
Johan Rockström from the Stockholm
Resilience Centre and Will Steffen from the
Australian National University in 2009, we
understand that our environment is indeed a
limited resource. The concept of sustainable
development emerges to link the connections
between economic, environmental and social
factors regarding quality of the life issues. The
concept has gained widespread acceptance

globally and locally and has been adapted
on national, state, regional and city levels, in
both governmental and non-governmental
sectors. It has become a model and philosophy
for guiding community in decision-making
related to growth, economic development,
environmental preservation, social equity,
education reform and many other aspects.
According to Ban Ki Moon, the Former
Secretary-General of the United Nations, “Both
science and economics tell us our current

By Dr. Lee Khai Ern

Figure 1: Planetary Boundaries

Planetary Boundaries is designed to define a “safe operating space for humanity” for the international community,
including governments at all levels, international organisations, civil society, the scientific community and the
private sector, as a precondition for sustainable development. More info:
http://www.stockholmresilience.org/research/planetary-boundaries/planetary-boundaries/about-the-research/
the-nine-planetary-boundaries.html

1
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path is unsustainable. Ecosystems are under
stress. Economies are faltering. The human
appetite for resources keeps growing. We need
to chart a new, more sustainable course for
the future, one that strengthens equality and
economic growth while protecting our planet.”
A strategic collaboration between relevant
stakeholders, i.e. government agencies, private
sector, organisations, universities and local
communities is therefore vital if we are to
uphold the sustainable development pledge.

T

he Sustainable Development Goals
(SDGs)2 was launched by the United
Nations in September 2015. It is a
set of 17 goals agreed by the international
community and articulates the means to
achieve sustainability for the betterment
of society by 2030. The predecessor of
the SDGs, the Millennium Development
Goals (MDGs), focused mostly on the social
dimensions of development projects and
lacked in the integration of economic, social

and environmental factors, thus providing no
incentives to promote synergies among the
three dimensions. Unlike MDGs, SDGs is an
overarching goal that embraces concepts of
human rights, inclusive social development,
equitable economic development and
sustainability. The goals emphasise sustainable
development, poverty eradication and human
well-being without sacrificing the planet’s wellbeing. It is a global inspirational goal which can
be adapted into national development plans.

I

n Malaysia, we urgently need to address the
development challenges associated with
the Bottom-40% (B40) household income
group, which involves the betterment of social
inclusion while sustaining the environment.
These efforts must be supported by smart
partnerships. The Sustainable Development
Solutions Network (SDSN) Malaysia Chapter
was launched on 10th October 2013, and is
chaired by Prof. Tan Sri Zakri Abdul Hamid,
Science Advisor to the Prime Minister of

Malaysia. The network enables a large
number of leaders from all regions and a
diverse set of backgrounds to participate in
the running of the network while at the same
time ensuring effective structures for decision
making and accountability. There are many
sustainable development initiatives taking
place in Malaysia. With the SDGs and Post
2015 Development Agenda now in place,
there is an urgent need to map the sustainable
development best practices that have been
taking place in Malaysia in order to mainstream,
institutionalise and up-scale existing
sustainable development trends.

A

s an active member of Sustainable
Development Solutions Network
(SDSN) Malaysia Chapter, the Institute
for Environment and Development (LESTARI)
of the National University of Malaysia (UKM)
takes up the challenge to collate best practices
in sustainable development taking place in
Malaysia. The aim is to provide an overview
of the various initiatives to achieve the SDGs
through the publication of a coffee table book.
LESTARI UKM works under SDSN Malaysia
Chapter in collaboration with Universiti
Teknologi Petronas (UTP), World Wide Fund
for Nature (WWF) and the Malaysian IndustryGovernment Group For High Technology
(MIGHT) and one of its function is to gauge
the extent to which these best practices are
in tandem with the country’s development
priority, i.e. Eleventh Malaysia Plan (20162020) and whether they contribute towards
accelerating Malaysia’s implementation of the
SDGs.

T

Figure 2: Sustainable Development Goals

Sustainable Development Goals (SDGs) - More info:
http://www.un.org/sustainabledevelopment/sustainable-development-goals/

2

he LESTARI team has received a huge
number of best practices sharing
from various stakeholders, including
government agencies, academia, private
sectors, NGOs as well as the community.
The team has selected around 60 or so best

practices to be published in this coffee table
book based on their impact, scalability and
transferability, as well as their contribution
to the Eleventh Malaysia Plan (2016-2020)
and the 17 SDGs. These cases include green
campus initiatives, various projects that
involve government agencies and industries
participation to support sustainability efforts
in communities, as well as partnerships with
international networks. A holistic approach in
achieving the SDGs involves the participation
of many actors in which government and
local authority play an important role in
promoting inclusive partnerships and financing
sustainability initiatives. They also enforce
regulations to ensure accountability and
transparency, implement monitoring and
evaluation mechanism while promoting a
human rights-based approach to development.
Academia plays the role of identifying
appropriate sustainability targets for the
country, promoting integral efforts, engaging
with stakeholders, and influencing the
government’s position as well as international
discourse around SDG implementation.
The Private sector plays a role in providing
services that help cultivate a healthy climate
for society to operate, and in ensuring that
the SDGs will help deliver this. Companies
should build awareness of the SDGs at the
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board level, embed the SDGs into their core
values, operate the SDGs along their business
value chain, and formulate the business case
for SDGs implementation. Regulators create a
level playing field for companies to undertake
less popular sustainability initiatives. And last
but not least, communities and NGOs play
the crucial role of championing their locallevel best practices and promoting it to other
communities.

T

his coffee table book, entitled
“Rising to the challenge: Malaysia’s
contribution to the SDGs”, is expected
to be launched in 2017. The Editor-in-Chief of
this coffee table book, Prof. Dato’ Dr. Mazlin
bin Mokhtar, who is also the Deputy Vice

Chancellor (Research and Innovation Affairs)
hopes that these best practices sharing
can teach Malaysian about sustainable
development concepts and encourage
research on sustainable development issues
through integrated as well as multi-, inter- and
trans-disciplinary approach. The coffee table
book is also expected to be used for capacity
building to arm our younger generation
with the necessary knowledge and skills to
face sustainability challenges. The book will
also raise awareness of the roles played by
the respective stakeholders in sustainable
development and highlight effective,
knowledge-based implementation of the SDGs.
Stay tuned!
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Barrier Reef

The Coffee Table Book Editorial Team:

About The Author:
DR. LEE KHAI ERN is currently Deputy Director of the Center for Research and
Instrumentation Management (CRIM) (Infrastructure & Instrumentation); he is also a
Senior Lecturer and Research Fellow in the Institute for Environment and Development
(LESTARI) of the National University of Malaysia (UKM). Find out more about Dr. Lee at
http://www.scientificmalaysian.com/members/khaiernlee/

By Enakshi Sivasudhan

Just another
harbinger
of Holocene
Extinction
that can be
ignored?
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At a Glance:
Coral reefs around
the world are facing
unprecedented damage
due to global warming.
The Great Barrier Reef of
Australia, a world heritagelisted natural inspiration
has recently captured the
attention of the media with
its gradual depletion over
the past few decades due
to anthropogenic activities.
In this article, the causes
of this reef ecosystem
destruction are explored.
Loss of marine species
could be an indication of a
potential mass extinction in
the near future.

A controversial obituary
hit the media a few
months ago, causing uproar not

only among the scientific community but
also the rest of the world population. This
somewhat tongue-in-cheek obituary simply
stated that the 25 million-year-old Great
Barrier Reef had passed away in 2016 after
a long illness [1]. Although the news was
later dismissed as deliberately hyperbolic
and inaccurate, such heartbreaking news
prosmpts an urgency to take immediate
steps towards conserving what’s left of the
Great Barrier Reef [2].
Australia’s Great Barrier Reef is the largest
coral reef system on earth, sprawling over
a jaw-dropping 344,000km2, and is the
only living thing visible from space. This
magnificent ecosystem was declared a
World Heritage site in 1981 and later added
to the National Heritage List in 2007.
Composing of nearly 3,000 individual
reef systems and 600 tropical islands, this
complex labyrinth of habitats comprises
of an astounding variety of marine flora
and fauna – from primeval sea turtles to
variegated coral structures that attract
tourists all around the year [3]. However,
in recent years, this glorious marine
ecosystem has started to degrade due

Figure 1: Coral bleaching at Lizard Island, Great
Barrier Reef (image credit: WWF Australia / XL
Catlin Seaview Survey)

to recent climate changes mainly triggered
by anthropogenic activities. It is also facing
a growing number of threats such as coral
bleaching, ocean acidification, fishing, farm
pollution and industrialisation [4].
A major contributing factor to coral bleaching is
rising seawater temperature caused by global
warming. Several species of corals maintain
a symbiotic relationship with algae known as
zooxanthellae, which give corals their vibrant

colours. These autotrophic photosynthesisers,
which live inside the corals, are efficient food
producers that provide up to 90% of the energy
essential for corals to grow and reproduce.
When the ocean heats up, corals are stressed
and expel zooxanthellae algae, causing the
corals to become transparent and to reveal their
white skeleton underneath. Without the energy
provided by these algae, the corals eventually
die and get coated by an invasive layer of
seaweed [5].
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Rising ocean acidity, which is likely the most
significant impact of global warming, can
lead to an irreversible depletion of the reef
ecosystem. Since the Industrial Revolution,
there has been a significant increase in
the atmospheric CO2 due to anthropogenic
activities such as burning fuels and
deforestation. With the aim of establishing
concentration equilibrium between the
atmosphere and the ocean, a certain amount
of CO2 dissolves in the ocean, altering the
seawater chemistry. This absorbed CO2
reacts with water molecules
(H2O) and produces a weak
carbonic acid, H2CO3. This
acid then dissociates into
hydrogen ions (H+) and
bicarbonate ions (HCO3-).
An increase in the H+ ions
causes a drop in pH, and
thus acidifying the ocean.
This series of reactions
reduces the amount of
carbonate (CO32-) ion,
which is a crucial inorganic
carbon found in marine
animals such as crustaceans,
corals and mollusks. These
organisms rely on the
intake of carbonate ions to produce their
calcareous shells and skeletons through a
process known as calcification. In order to
maintain the concentration equilibrium of
carbonate ions when they decrease, the
calcified coral and skeletal structures start to
dissolve. It is predicted that, if the current trend
of atmospheric CO2 augmentation remains
unaltered, the ocean’s pH may drop from
8.2 to 7.8 by 2100, endangering the lives of
millions of marine organisms [6].
Besides coral bleaching and ocean
acidification, degradation of coral reef
ecosystem by terrestrially derived pollution is

a widespread issue and the topic of intense
management activity. Changes in terrestrial
fluxes of sediments, nutrients and harmful
pollutants such as pesticides and heavy metals
as a result of land clearing, agricultural and
industrial development, reservoir construction
and removal of ecosystem’s filtering capacity
can have devastating effects on the marine life
especially coral reefs. For example, nitrogen
run-off from farms in the mainland can lead to
algal proliferation, which starfish larvae feed
on, and further promote population explosions
[7].

“nearly 500 million
people rely on
coral reefs for
their livelihood, so
one can imagine
the catastrophic
consequences of
coral reef extinction”

Figure 2: Carol bleaching (image source:
http://oceanservice.noaa.gov/facts/
coralbleaching-large.jpg)

Furthermore, poor and
frivolous management of
fishing is imposing threats to
many of Great Barrier Reef’s
endangered species such as
turtles, dugongs and inshore
dolphins. Port expansion,
another unfavourable scope
of industrialisation, can lead
to dredging of the ocean floor,
which further increases the
shipping traffic and inflicts other
negative impacts on the delicate
coral reef environment [8].
Tourism too can have a negative
impact on the coral reefs. Reef walking can
damage coral species, fuel leaks and anchor
dropping by boats carrying tourists and even
the run-off of sweat and suntan lotions from
divers and underwater explorers could have
a detrimental effect on these delicate living
structures [9].
Loss of the Great Barrier Reef and other coral
reefs around the world can severely affect the
fishing and tourism industry, eventually paving
the way to a worldwide economic disaster.
Besides, countries like Maldives depend on
coral reefs as a natural barrier that protects

1
Throughout history, despite various rates of extinction, five major events have qualified for the ‘mass extinction’
status: near the end of the Ordovician, Devonian, Permian, Triassic and Cretaceous Periods. Given the current
accelerating levels of extinction, scientists predict the 6th mass extinction is not very far away from happening, most
likely to occur within the present Holocene epoch
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“our planet is losing
several species of
flora and fauna at a
rate of 20-100 fold
higher than the past
millennia event...
...if the current
trend of extinction
rate continues, the
remaining reefs
might disappear in
the next 40 years”

the island against incoming stormy waves
and rising sea levels. According to the
International Union for the Conservation of
Nature (IUCN) nearly 500 million people rely
on coral reefs for their livelihood, so one can
imagine the catastrophic consequences of
coral reef extinction [10].
I began this article by posing the question,
whether the definitive proof that the
Great Barrier Reef heralding the predicted
Sixth mass extinction1 (also known as the
Holocene extinction), is something that can
be neglected. The Holocene extinction is
the ongoing extinction event of species
happening in the present Holocene
epoch that began 11,700 ago [11]. Since
1900, 69 mammal species and 400 types
of vertebrates have gone extinct [12].
In a recent study published by Science
Advances, biologists have found that our
planet is losing several species of flora and
fauna at a rate of 20-100 fold higher than
the past millennia event based on recent
statistical data that show 19% of the planet’s
coral reefs are dead and that if the current
trend of extinction rate continues, the
remaining reefs might disappear in the next
40 years [13].
Nevertheless, in an interview with The
Huffington Post, chief of the Coral Reef
Ecosystem Program at National Oceanic
and Atmospheric Administration (NOAA)’s
Pacific Islands Fisheries Science Center,
Russel Brainard said “We’re not very far
from an obituary”, when questioned about
the current state of the Great Barrier Reef.
Immediate initiatives should be carried
out to protect the reefs [2]. Steps should
be taken towards the gradual reduction of
farm pollution, governments should fund
improved farm management, and laws
and regulations should be put in place
for industrialisation projects pertaining to
port development. Illegal fishing should be

stopped at all costs to prevent turtles and
dugongs being trapped in fishing nets. By
committing to 100% renewable electricity, the
use of fossil fuels can eventually be ceased,
thus rapidly reducing global warming [14].
Human activities could harshly affect the
world around us, our future and the lives of

Figure 3: 10 ways to protect carol reefs
(image source: http://oceanservice.noaa.
gov/facts/coralinfographic-large.jpg)

the forthcoming generations to come. The
Great Barrier Reef is a masterpiece of millions
and millions of years of evolution. It has been
shaped by Mother Nature and should be
preserved at all costs. It is never too late to
start working on conserving this planet we
call home.
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Y

ou come home early for once and
ride the elevator up to your quadrant
of the Hive. As you walk down the
corridor to your apartment, you hear yelling
from the neighbours. You glance in their
direction and note that the plastic bricks [1]
along the hallway are degrading again, the
adobe flaking off and the plastic unraveling
into confetti that litters the corridor.
You sigh, resigning yourself to weeks of
poor soundproofing until the Authority
commissions replacement walls.

fresh, ozone-free air [4] tinged with the hint
of seawater [5,6] from the spiraling farm and
plant beds.

At your touch, the door of your apartment
unlocks and slides open. When you step in,
the lights switch on and the windows swivel
open [2], revealing magnificent views of
the Cell—the vertical farming [3] core of the
Hive. You take a deep breath and relish the

Joelle, we’re running low on our energy
quota, could you plug some packs into the
generator? Also, I’ve pre-programmed dinner
so please eat something before you run off to
Ida’s. Love, Mom.

Then you remove your phone from your
pocket, wondering if you’ve received any
messages. The screen is blank, and the
battery sign flashes. You’ve forgotten to
connect it to your thermopack! [7] Hurriedly,
you start charging it and soon a beeping
sound alerts you to the presence of several
messages.

“ Dad sees your panicked expression and cautions
you to remain calm—it would not do to question the
Authority’s decisions, whatever they might be”
Accompanying it is a picture of Mom by
the seaside, pulling up a lantern net of
scallops, seaweed, crabs and shrimp [8].
The caption reads: Perks of working at an
algae bioreactor! [9] You can barely see
her face under the screen of her filtration
helmet but you’re glad she’s getting to
eat real food out there and taking proper
precautions against the ozone and PM2.5rated polluted air. [10]
The sight of the precious seafood makes
your stomach grumble but first, you
disconnect the thermopacks [7] that you’ve
carried all day, pressed against your skin to
capture body heat and convert it to energy.
You check that they are charged, slot as
many as you can spare into the generator,
then head to the food dispenser and select
the evening meal for your profile. Moments
later, the food dispenser prints a gazelle
steak [11] then drops it onto a plate stacked
with Cell-grown vegetables, and pills for
iodine and heavy metal decontamination.
The meal is exactly proportionate to your
caloric needs and though the steak has
been grown from stem cell lines cultured
decades ago from the last surviving
gazelles, it’s juicy and satisfying. It might
not be as appetising as freshly harvested
crabs, but it’s still a year or two before you’ll
be allowed out of the Hive to work on the
algae, wind or solar farms and get to finally
taste naturally grown food.
As you scrape the leftovers into the
biomass chute [12] another ping alerts
you to the arrival of a video call. You
sit by the video screen on the wall and

accept it. It’s wonderful to see Dad’s face
coalesce on the screen, backed by a
view of steaming columns of water from
the deep-sea hydrothermal vents. You
have a short conversation with him, in
which you learn he and his team will be
evacuating soon before a predicted sea
storm on the Icelandic coast, and that
they are progressing in their research on
a promising new thermophilic bacterium.
[13] Unfortunately, they’ve also identified
the vent as a black smoker and unsuitable
for installing subsea turbines and
generators to harvest deep-sea geothermal
energy. [14,15] Before you end the call,
a notification of the pending arrival of
climate refugees [16] fleeing a Hive
brought down by earthquakes and nuclear
catastrophe flashes across your screen.
[17] Dad sees your panicked expression
and cautions you to remain calm—it
would not do to question the Authority’s
decisions, whatever they might be. You nod
obediently, but a deep sense of foreboding
fills you at the prospect of the new arrivals.
After the videocall, you make your way
to Ida’s dance studio near the Cell. It’s
normally slightly warmer here, but your
breath still mists as if you were back home.
You check the stats on the doorway above
the exercise chambers while waiting for
Ida and the other students and note that
the Hive is several thousand steps below
normalcy. It explains the lack of heating,
although you can see a few dozen people
running intensely on the treadmills in
the adjacent gym. [18] When nobody
arrives, you put on your tap shoes and
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but when a thermometer and swab extend
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it takes seems like an eternity. Then with
a pleasant beep, the AuthBot informs you
that your results are negative for the new
flu. [20] The flood of relief that overcomes
you feels like pure joy—until you notice
other Authbots leading a group of people

from the gym next door.
You glance up at the stepcounter above
the door and see that the stats for the day
has been tallied. The Hive has performed
5% lower than normal today. You know that
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someone in the group of new refugees
knows how to tap dance, you hope.
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be too far off; however, it currently lacks public awareness and strong governance. To succeed, it
must first tackle certain legal issues and garner more public support. Advocates of it believe that,
in conjunction with emissions cuts, geoengineering is our best response to climate change.
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T

he volcanic eruption of Mount Pinatubo
(Philippines) in 1991 shot almost 20
million tons of sulphur dioxide into Earth’s
atmosphere. This massive dark cloud of
sulphur particles blocked about 10% of
the sunlight from reaching Earth’s surface,
causing global temperatures to plummet by
about 0.5 degrees Celsius over the course
of a year [1]. Because of the sheer scale and
climatic effects of the 1991 eruption, scientists
view it as the foundation for geoengineering.
Meteorologists today solely rely on
simulations and models and still do not

comprehensively understand the workings
of Earth’s climate. Because a large-scale
research program on Earth’s climate could
produce a plethora of negative side-effects,
many consider it to be extremely unethical.
Although it has garnered a small amount of
support over the last decade, geoengineering
research is still in the dark; and there is a
lack of governance in the industry. Many
scientists believe that geoengineering has
the potential to be one of mankind’s most
impactful scientific endeavours, but many are
sceptical because of the issues it currently
presents. Geoengineering does come with

Figure 2: Biological and physical CO2 pumps (image source: Wikimedia)

ethical implications and legal issues; however,
public awareness and governed research can
help geoengineering solve the Earth’s global
warming crisis.

Figure 1: Sulphate particles blasted out of the 1991 Mount Pinatubo eruption (image
source: NASA)

The umbrella term of geoengineering, in fact,
covers two completely different methods of
climate engineering. The first is Solar Radiation
Management (SRM), which is the spraying
of sulphate aerosols into the stratosphere
to create a mirror-like atmosphere that can
reflect a certain amount of sunrays [2]. A total

of only 1.5 million tons of sulphate aerosols
per year, over the course of a few decades,
would be needed to reflect sufficient amount
of sunrays to curb the current rise in Earth’s
temperature [3]. Though if deployed, SRM
would only halt the rising global temperatures;
it cannot reduce carbon concentrations in the
atmosphere.
Carbon Dioxide Reduction (CDR), which
is the removal of carbon dioxide from the
atmosphere, could fill in the void left by SRM
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in a geoengineering scheme. The harvesting
of carbon dioxide can take place in various
ways such as: (1) Ocean fertilisation—the
dumping of nutrients into oceans to increase
phytoplankton production. Like plants,
phytoplankton can absorb carbon dioxide from
the air and carry it down to the ocean floor. (2)
Ambient air capture¹, another form of CDR, is
not as widely debated as ocean fertilisation; in
fact, even critics of geoengineering believed
that this method of CDR could be as viable as
other green energy technology like the wind
turbines. After harvesting carbon dioxide from
the atmosphere, it can either be stored deep
underground or be sold it for use in other
industries. CDR costs significantly more than
SRM, but with lower risks. Moreover, CDR
does not just address the side-effect of carbon
emissions but serves to correct the root of
the problem entirely (i.e. the excess carbon
dioxide in the atmosphere).
For carbon emissions to drop there is a
need for reforms in the energy industry.
As there is already an excess of carbon
dioxide in the Earth’s atmosphere, and it
cannot be effectively reduced through the
naturally occurring Carbon cycle. Because
of this existing carbon pollution, reforms in
the energy industry without geoengineering
would not prevent the increase in global
temperatures. but when implemented in
conjunction with carbon emissions control,
CDR and SRM will likely remove a large
portion of that excess carbon dioxide in the
atmosphere and cool the Earth down. For
best results, geoengineering (both SRM and
CDR), accompanied by emission reforms,
must therefore go hand in hand in a future
geoengineering project.
Geoengineering poses a number of ethical
issues. Can geoengineering cause more
harm to humans than it does to help climate

change? How far can humans tinker with
nature? Like many other scientific innovations
of the 21st century, geoengineering raises many
of its own ethical dilemmas. In the current
Anthropocene era, mankind is the main driver
of environmental conditions, continuously
shifting planetary climate and ecosystemic
conditions, unfortunately, for the worse. With
geoengineering, however, the grim fate that
mankind has brought upon themselves can
be delayed and hopefully be distinguished.
Needless to say, geoengineering comes with
its own risks, and those risks undermine the
worth of a geoengineering project.
Many tremble at the thought of a
geoengineering scheme failure. A sudden
suspension of a geoengineering project, due
to warfare, technical difficulties, or any other
item on the endless list of potential hazards,
would bring about a climate situation far worse
than what they are today. In the graph below,
all climate models support the inevitability of
temperature spikes upon this possible halting
of a geoengineering scheme, showing that
in the two following decades after stopping,
temperatures rise a colossal two degree
Celsius [4]. Droughts, accompanied by
mankind’s inability to adapt to the changing
environment, will lead to food shortages and
famines. Ice caps will melt, sea-levels will rise
and the ecosystems will be threatened by the
intense heat [5].
Many people also choose to oppose
geoengineering for its ethical implications.
Moral corruption is the “illegitimate taking
advantage of a position of superior power
for the sake of personal gain” [6]. Using their
money, power, and fame, wealthy companies
could potentially influence the direction of
geoengineering research², but their true
motive may be to prolong their businesses [7].
Geoengineering is their excuse to delay the

¹ http://carbonengineering.com/air-capture/
² see, for example: https://www.theguardian.com/sustainable-business/2015/feb/17/geoengineering-is-noplace-for-corporate-profit-making

Figure 3: The Carbon Cycle (image source: Wikimedia)
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debates on geoengineering topics. Many
believed that for every country’s leaders to
come to a consensus on a geoengineering
scheme is quite impossible. Even if, in the
slimmest of chances, they do come to that
consensus, no two countries will settle on
the same specifics — global temperatures,
precipitation, etc. An unagreed-on, panic
geoengineering attempt would lead to war,
specifically nuclear exchange, dooming
Earth to a much more chilling fate.

Figure 4: Simulations of global temperatures upon deploying an SRM project (Year 0 - 50
solid line) compared to without an SRM project (Year 0-70 dotted line) and the abrupt
stopping of the SRM project (at Year 50) [4].

cutting down of carbon emissions so that
they can continue raking in profit.

hand, and get not just Earth’s health back but
also humanity’s conscience and humility.

The above situations display the false
mindsets that the majority of people have
on the role that geoengineering plays. They
believe geoengineering is a band-aid for the
world’s growing wounds. On the contrary,
geoengineering cannot work successfully
without global emissions cuts along with
large public and governmental support.
Geoengineering should not serve as a
backup plan or a “plan B”; its role is to help
humans get back on the right track. With the
current climate fate that planet Earth is in,
mankind needs to turn around, with the tools
of geoengineering and emissions cuts in

In order to actually get a geoengineering
project up and running, all nations must
come into an agreement on every aspect
of geoengineering. Geoengineering does
not come with the luxury of being domestic
and easily controlled. One project, launched
by any country in the world, would not only
bring changes to its own lands and skies;
the whole world gets the all the effects as
well, whether it is planned or unforeseen.
As a single geoengineering scheme can
turn the tides on global climate situations,
the world must find a compromise; and
countries cannot sit out on discussions and

The threat of nuclear warfare, however,
entirely disregards the likelihood of a
peacekeeping organisation. Without one,
the globe would inevitably spiral into
chaos, third-world countries wouldn’t
have proper representation, and the
research on geoengineering would have
no governance. Geoengineering efforts
must, therefore, consist of international
participation--a regulatory party with
delegates representing the needs of their
countries. Ideally, this organisation, much
like the UN, would not only keep world

peace but also continuously strive for
a better understanding of the effects of
geoengineering on Earth’s climate.
Since the mid-2000s, the scientific
community has shifted away from thinking
of geoengineering as taboo, to trusting the
viability of this new technology. SRM and
CDR complement each other and cover
up each other’s flaws. Accompanied by
emission cuts, humans can reverse the
climate crisis state that the world has come
to. The Anthropocene era has thus far left
in its wake natural disasters, destroyed
ecosystems, hellish weathers, ozone
depletion, ocean acidification, and many
more. It is hoped that in a century or two,
Earth’s climate conditions would have gone
back to normal levels. Geoengineering, with
the general consent of the public and with
strong governance, can serve as mankind’s
best response to climate change and help
drive humanity back onto the right path.
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At a Glance:

Palm oil has been unfairly labelled as ‘dirty oil’ by some, but the
industry is making a stand and changing its practises to overcome
negative perception. Palm oil plantations have implemented various
measures to reduce the environmental impact, and the palm oil mills
are following suit, using science and technology to convert their
waste to wealth. The palm oil mills of today no longer just extract oil,
but are now able to turn solid waste into products, and liquid waste
into energy.
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The next time you’re out and
about in Malaysia, whether
on a bike, in a car or in the air,
especially when you’re beyond
the city limits, take a look around
you. Chances are, you will see
palm trees. Rows and rows of them.
Sometimes, as far as the eye can see in every
direction. The fruits of this tree are one of the
primary drivers of the Malaysian economy.
Palm fruit is rich with natural oil, which, after
processing, becomes the cooking oil that
we Malaysians use in our daily lives, albeit
sometimes a bit too generously. There is much
work put in, of course, to bring the oil from the
plantations all the way into our kitchens.
Much has been said about the palm oil
industry, and most of the words are not kind.
The fact that many of the oil palm plantations
sit on what used to be pristine, virgin jungles
doesn’t help. In addition, the extraction and
milling process emits foul smells and thick,
black smoke, generates wastewater heavily
laden with organic content, and also produces
mountains of biomass. Considering this, the
detractors may have a case!
Unfairly disparaged or not, the palm oil
industry needs to get their act together, but
truth be told, many of the palm oil plantations
and palm oil mills are slowly but surely
changing the way they operate, so as to
be more environmentally and ecologically
friendly. Modern methods of planting,
harvesting, processing and land management
are being introduced into mainstream
operations, replacing traditional methods.
Even the smaller players in the industry
are looking at ways to self-regulate their
processes. The palm plantation sector has
also been looking into ways to better protect
the soil. Among their strategies are terrace

planting on hill slopes and proper planning
to minimise soil erosion. Soil conditioning is
also carried out to reduce the application of
chemical fertilizers and thereby reducing the
amount of chemical runoff into watercourses,
which then reduces the risk of polluting
groundwater. These actions, along with many
others, have come a long way in reducing the
negative impacts of palm oil plantations on the
environment.
Palm oil mills have also been doing their part
by implementing various programs to reduce
environmentally damaging impacts of oil
extraction. The mills require heat to ‘cook’ the
raw palm fruits, which mostly comes from low
efficiency boilers that emit thick black smoke.
Today, many of the mills have upgraded their
boilers as well as placed particles-trapping
facilities at the boiler chimneys.
The traditional practice of burning empty
fruit bunches, palm fibres and palm kernel
shells openly are no longer permitted as
another necessary measure to reduce the
environmental impact of the milling process.
The main challenge however, is in how liquid
waste (palm oil mill effluent – POME) and solid
waste (biomass) is dealt with. As the terms
imply, POME and biomass are essentially
waste products of the milling process. They
have no value, and are foul smelling and
detrimental to the environment if they are left
to decay on their own. Here’s where science
and technology really comes into picture.
Figure 1 shows that palm oil mill waste may no
longer be regarded as waste! Instead, it may be
a source of wealth with the right technology,
investment and proper management. In fact,
all of the products shown above are not based
on pipe dreams or the results of pilot projects,
but are viable products from the palm oil
industry.

Figure 1: Potential products that palm oil mill waste can be converted into (image credit: Tan Kian Yong)

What are we going to do with all that Biomass?
The palm oil mills in Malaysia alone contribute
more than 80,000 metric tonnes of dry
biomass annually1 (figure taken for year
2010), and this figure will continue to rise in
the coming years, with the projected increase
in palm oil plantations and mills. Unless reused
in a productive way, the biomass will end up
in landfills, be dumped indiscriminately or
otherwise just left to rot in the open, emitting
foul smells and worse, methane gas, which is a
potent greenhouse gas.
More and more of the palm oil mills are

already converting part of, if not all, of their
biomass into some form of useful product.
The most common is to convert the biomass
into bio-fertilizer, which can be applied onto
fields. The investment into producing biofertilizer is relatively low, and the process is
easily replicable, making this process almost
instantaneous in reducing the impact of
leftover palm oil biomass.
Another benefit of the bio-fertilizer is that it
enables reduced use of chemical fertilizers
in plantations, thus reducing the chances of

¹ Source: https://issuu.com/besustainablemagazine/docs/besustainablemagazine-issue_0 (“Malaysia’s
Biomass Potential” - page 33)
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chemical contamination in runoff water. The
fibrous nature of the bio-fertilizer also helps the
soil to be naturally held together, which will
reduce erosion. The fibre also helps to retain
moisture for the roots of palm trees thereby
reducing irrigation water.
Some palm oil mills have taken a step further
by extracting the long fibres of the fruit
bunches and drying them, which can then be
used as a substitute material for mattress and
cushion fillings. This method of extraction and
drying has achieved some measure of success,
and is highly sought after in China.
Coconut fibres are commonly used as filler
material, but with the long palm fibres being

made available now, a certain percentage of
the filler material can be replaced with palm
fibres. This has come a long way to addressing
the shortage and seasonal nature of coconut
fibres in the world market.
A downstream activity of the palm fibre
extraction plant is the compression of the
shorter fibres into bio-fuel pellets. Although the
carbon and chlorine content is relatively high,
these pellets can be used to partly replace coal
in power plants. Some of these pellets have
found their way into Korea and Japan, but
with limited success so far. Still, it wouldn’t be
too far-fetched to say that one day, these biofuel pellets could replace coal as a main fuel
source.

Figure 2: Oil palm fruits in plantation (image credit: Tan Kian Yong)

We can’t swim in wastewater!
Well, swimming in the palm oil mill effluent,
or POME, would not be the best idea! POME
leaves the mill at close to 80⁰C and contains
organic content measured as Chemical
Oxygen Demand (COD) and Biological
Oxygen Demand (BOD), usually at around
80,000mg/l and 25,000mg/l respectively. Only
simple microbes and organisms are able to
survive the harsh conditions of the wastewater
but not too long ago, POME was released
directly into rivers and lakes! Again, this
practise has since been banned.
Following its release, POME takes up to three
days to cool to room temperature, by which
time, the various bacteria and microbes

would have completed a major portion of the
acetonegesis phase (production of acetate
from carbon dioxide), meaning that the next
phase, i.e. methanogenesis can commence.
Methanogenesis is the phase in which
the anaerobic-type bacteria will act on the
organic content in the wastewater to reduce
the organic content, at the cost of releasing
methane gas and carbon dioxide into the
atmosphere.
Since the methane and carbon dioxide is
produced biologically, the common term
used for these gases is “biogas”. Biogas can
be harvested and used as an alternative fuel
source since methane is highly combustible.

Figure 3: Discharge of palm oil mill effluent (POME) (image credit: Tan Kian Yong)
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The amount of biogas produced can easily
supply renewable energy (RE) power of up to
3MW/hr, which is enough to supply electricity
to 1,000 homes. Many such projects have been
successfully implemented and Tenaga Nasional
has been offtaking the electricity generated
from biogas.
It is no surprise then that many palm oil mills are
seeking such opportunities to participate in the
RE program, which is overseen by Sustainable
Energy Development Authority (SEDA) a
governmental body created to streamline RE
activities in Malaysia.
Of course there may be some palm oil mills
which are too remote or far away from electrical
power lines and population centres which
would need their own power. Therefore, an
option for these mills is to compress the biogas
(known as “CBG”, or Compressed Biogas), and
then transport the biogas to industrial users to

replace fossil fuels such as light fuel oil, medium
fuel oil or diesel.
The cost to implement this is substantially
higher than the biogas-to-power plant, but the
returns are still attractive, especially in view of
the government’s decision to gradually remove
the subsidies for natural gas. In the foreseeable
future, many palm oil mills will implement the
CBG method, to cash in on additional revenue
from the sale of the biogas.
Science, technology and innovation will
continue to improve over the course of time,
and with the right implementation, the waste
from palm oil mills, which was once considered
to be a nuisance, is fast becoming an important
source of revenue for the palm oil industry.
With human ingenuity, who knows what new
products derived from the waste of palm oil mill
are waiting to be discovered?
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NORTH
By William Tham Wai Liang

At a Glance
This short personal essay is based on my experiences traveling
in Canada as an undergraduate, and how I began to understand
the effects of climate change on northern regions of the
country. In this essay, I discuss the rapidly changing climate in
the Yukon Territory and the rise and fall of Fort McMurray, an
oil boomtown, as told through my travel experiences in search
of the aurora borealis, or northern lights.
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I went in search of the
Northern Lights twice.
One winter I found myself in Whitehorse, the
quiet capital of the Yukon, sitting in a hostel
where Japanese migrants played the guitar
and sang Christmas songs to the amusement
of the wanderers and adventurers who made
the Yukon their new home. Everywhere I heard
talk about it being a mild winter, nothing like
the frigid ones that had set the backdrop for the
writings of Jack London and Robert Service.
A few streets down, the Yukon River was still
gushing as the deepest winter edged forward,
frigid currents sweeping under fragile ice
encrusting the banks. In the afternoons brilliant
sunshine lit up the town, at times so warm that I
found myself sweating under the many jackets
that I had piled on.
I was grateful for the warmth that kept the
biting cold at bay, but it was symptomatic of
the changing weather over the past few years.
Vancouver welcomed the Winter Olympics with
a snowfall so paltry that fresh snow had to be
airlifted or manufactured as cherry blossoms
erupted [1]. Up in the Rockies the streets were
largely clear, dusted with the slightest trace
of winter snow, while the frozen rivers melted
and gushed downstream [2]. In the far north,
bushfires broke out as the weather warmed,
threatening to melt permafrost that has
remained perpetually frozen for millennia and

ignite the released methane [3].
At night I struggled to find warmth in a cabin
occupied by tourists from Europe and Hong
Kong, drinking hot chocolate and struggling to
stay awake. The cold clawed at my face each
time I went outdoors, but after a few days I
quickly became acclimated to the fluctuating
temperatures each night. By the end of the trip,
minus ten degrees Celsius felt almost warm,
almost comfortable, after a few nights at minus
twenty degrees. But still the chill that seeped
into the bones of my gloved hands remained
when I tried to sleep under layers of blankets.
I saw nothing that first night and every night
thereafter.
Successfully sighting the northern lights is
known to be unpredictable—contingent on a
variety of atmospheric and cosmic factors—
and for me they stayed hidden by clouds
and light pollution. But though I could not
glimpse the northern lights during this trip,
they still shone brightly and will be a constant
of the north, despite the escalating climate
change. The entire geography of the north is
vanishing, with sea ice retreating faster than all
models predicted, and along with it ecologies
and civilisations, bringing the potential of
calamitous environmental disasters and
geopolitical wars [4].
******

Illustration adapted from Alle Chun
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My second attempt to see
the northern lights found
me in Fort McMurray,
the former oil capital of
Canada.
Up in the far reaches of Alberta, where even
the roads run out close to the border of the
Northwest Territories, the city of Fort McMurray
boomed [5]. The drifters and job-seekers of
the province gravitated to the north, hungry
for high-paying jobs. A fortune was waiting
to be made in the oil industry—with oil hitting
more than $100 per barrel the costly extraction
process from tar sands was finally profitable.
High prices meant that the expense incurred
in extracting oil could finally be covered, and
the province lost no time capitalising on its
massive reserves. Vast stretches of land were
overrun by machinery and toxic tailings ponds,
with companies generously pumping millions
of dollars into infrastructure that had to support
over 50,000 migrants. On the public bus that
wound past shopping malls and suburbs
that had emerged out of what had once been
backwoods only a decade before, the insatiable
search for energy edged further and further
north.
Suncor led the pack, dominating a town where
direct flights to Las Vegas and expensive drugs

were viable forms of entertainment. In the
summers they flew dozens of interns into the
area, each one of them paid an amount that
roughly converts to RM100 per hour, with free
accommodation in luxurious apartments thrown
in [6]. I stayed overnight in a brand new suburb
with a friend who was working there for several
months. I mentioned how I wanted to see the
northern lights and was assured that they
appeared every other night.
Again, I saw nothing, but in truth I was more
reluctantly fascinated by the area’s boomtown
atmosphere.
Not much remains of it today. After oil prices
crashed, extracting oil from tar sands became
unprofitable [7]. Thousands lost their jobs
and wandered back south, investments and
hopes wiped out. The following year, in the
early months of spring, a devastating fire
broke out [8]. It was unusual but symptomatic
of how climate change caused unpredictable
effects. The unexpected could now happen
with depressing regularity. In a matter of days
almost nothing remained of Fort McMurray.
On my way back, in the darkness, rows of
tankers and refineries stretched along the
highway. A direct pipeline of greed from north
to south. An interconnected, self-destructive
world was building itself. I looked towards the
night sky, vaguely wondering if anything would
appear. But all I saw were the glow of orange
streetlamps.
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ONE.

SciMy Interview:

Professor Dato’
Dr. Mazlin Bin
Mokhtar
Professor Dato’ Dr. Mazlin bin Mokhtar is a Professor in
Environmental Chemistry at the National University of
Malaysia (UKM). His research expertise is in Sustainability
Science and Governance.

Interviewed by Dr. Lee Khai Ern

How did you get involved in researching the
environment and sustainable development?
A strong calling to pursue solutions
for pollution and environmental
degradation propelled my team
and me to conduct research in
environment and sustainable
development. Most analytical
environmental chemists and
scientists carry out good research
but relatively few are involved in
planning and decision making
processes. Good governance
and management for sustainable
development requires reliable
and validated scientific data to
enable informed decision making
and the implementation of best
practices at all levels by all relevant
parties. Research and innovation in
environment and development is
also important to improve education
and awareness programmes
to realise Malaysia’s goals of
sustainable development. Research
is also vital to ensure the integration
of the social sciences and humanities
(SSH) with science, technology,
engineering and mathematics
(STEM) to propel communities
towards sustainable livelihoods and
prosperity.
Research on environment and
sustainable development should
involve academic researchers,
stakeholders from government
agencies, ministries, and businesses,
Non-governmental Organisations
(NGOs) and Community Based
Organisations (CBOs), communities
and villagers in order to share
knowledge and experiences. This
would enable efficient transfer of
knowledge, goals and strategies
as well as financial support which
is necessary for sustainable
development goals to be achieved.
Education systems must also be

improved on a continuous basis.
Our beloved country is one of the top
12 most bio-diverse countries in the
world. Natural resources are aplenty
and the environment is beautiful.
These must all be protected for the
sake of ensuring safety and security
of our future generations. This
includes our neighbouring countries
and economic regions of Southeast
Asia, Asia Pacific, and beyond.
However, atmospheric spaces and
geospatial boundaries are very
difficult to be separated according
to administrative jurisdictions
nowadays, given the pace at which
globalisation is happening. It seems
like the world is getting smaller with
the advent of technology and its
modern applications. This is another
important reason why we need
active research in environment and
sustainable development. Society
and technology must create a safe
and harmonious environment for
everyone. However, this is easier
said than done. Many good policies
are challenged because they are
incompatible with the ways we live
and conduct ourselves every day.
Issues of ethics and moral values
must also be embedded in our
research endeavours especially on
matters pertaining to environment
and development, given that the
world’s population is expanding
rapidly, and our carbon, water, and
ecological footprints are burgeoning.
We are now living in the era or the
geological epoch of “Anthropocene”!
Business as usual is not an option.
Hence, research on environment
and development must happen in all
corners of the world and at all levels
of our societies and communities.
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TWO.

What are the environmental challenges that
Malaysia is facing now?
Environmental challenges facing
Malaysia now would include
environmental pollution and
degradation, and unwise uses
of natural resources whilst
the country is developing.
Sustainable development
is challenging when other
economic and educational issues
are unresolved, such as the
increasing gap between the rich
and poor and the shunning of

THREE.

STEM-related subjects amongst
the younger generations of
Malaysians. That is why the
proposed new economic
model is good and very timely.
Malaysians remain steadfast
in pursuing higher incomes;
but to do it in a manner that is
environmentally sustainable
and ensuring a near complete
inclusivity remains a big
challenge.

Do you think Malaysia is doing enough towards
sustainable development in general?
Not enough, I think. Individually
and collectively, I think we
still have not done enough
for sustainable development.
Nevertheless, there are success
stories and initiatives that are
moving in the right direction.
When we compare ourselves
with some developed and
developing countries, we are still
lagging behind in some aspects,
for example indiscriminate solid
waste throwing and dumping
is still happening. Also, water
pollution and irresponsible
discharges of industrial effluents
is still occurring. Many blame the
lack of education or insufficient
enforcement, but those who are
guilty of such acts include those
who are aware but who shirk
their responsibility to enforce and
implement proper practices and
regulations due to negligence.
We have not done enough if
drains are still clogging and flash
floods are still occurring when
there is a downpour. Surely we
have not done enough when
environmentally sensitive areas
and zones are being mercilessly
exploited for short term gains.
There are many more such
examples that would show that
we have not done enough.
We do have good government
policies and laws, but effective
implementation, monitoring,
reporting, evaluating, and
continual improvement remain a
significant challenge.

Professor Dato’ Dr. Mazlin bin Mokhtar in his office

Business and industry
associations must be willing
to proactively guide and move
communities and societies
toward sustainability, and
step up actions to enforce
environmental protection and
rehabilitation. The private sector
has an abundance of clever and
competent professionals and
practitioners that can lead many
great efforts and programmes
to protect and safeguard the
environment, and to ensure
wise utilisation of the natural
resources. The principle that
prevention is better than a cure
should be exercised by all. If
one knows of the detrimental
effects of one’s factory operation
towards the environment
and natural resources then
one should ensure that the
factory refrain from discharging
pollutants into our environment.
Many NGOs and CBOs have
obtained funding from internal
and external sources to work
with communities and societies
to realise goals of sustainable
development on the ground.
But again, in many instances
the effects are scattered and
not sustainable. Academia and
teachers must also do more in
terms of modifying the teaching
processes and content to
ensure our educational system
produces citizens that are aware
of and willing to work hard for
sustainable development.
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FOUR.

What would your advice be for Malaysians
to work towards the UN’s Sustainable
Development Goals (SDGs)1?

Let’s put our egos and
differences aside and work
together to protect and
safeguard our environment whilst
we are developing. Experts and
practitioners from all disciplines
and sectors must plan,
implement, monitor, and review
their practices, striving for the
ethical and sustainable treatment
of the environment. We must
be willing to take up and share
leadership at various levels and
be ready to do multiple tasks at
any particular time. Leadership
by example must be the order
of the day, today and for many
more days to come. Things must
begin with our own individual
selves and our communities and
societies. The buck must stop
with each and every one of us!
Good integrated and holistic
approaches and initiatives for
sustainable development such
as the Integrated Water Resource
Management (IWRM), Integrated
River Basin Management
(IRBM), Integrated Coastal Zone
Management (ICZM), Integrated

Lake Basin Management (ILBM),
Global Geopark, Biosphere
Reserve, World Heritage Site,
Disaster Risk Reduction (DRR),
etc. must be supported with
greater participation and
involvement of communities. By
bringing together knowledge
and expertise from STEM
and SSH we should be able
to realise the objectives of
sustainability science for
sustainable development.
Transdisciplinary research
must happen more frequently
at local and higher levels to
complement the ongoing multi
and interdisciplinary approaches.
These multi-centric approaches
must support the sustainability
science agenda for good
planning, decision making and
policy making.
In short, the SDGs should be
embedded in all aspects of
development and embraced not
only by policy makers, but also
by all members of the society in
this journey toward sustainability.

Interested in joining the

Scientific Malaysian team?

By being part of us, you will have the opportunity to enhance your skills and improve
your CV by working flexibly and contributing remotely from wherever you are.
We are now seeking for enthusiastic and passionate volunteers to join our team for
the following positions:

Web Developers
Role: Maintaining and adding new functionalities to our websites
Knowledge in Wordpress is essential

Magazine Illustrators or Designers
Role: Producing original illustrations/photos or layout for the magazine
Knowledge in Adobe InDesign or Photoshop is desirable

News Editors
Role: Writing short news reports on scientific research and developement
news in Malaysia, to attend/report on scientific events/conferences
Good writing and reporting skills are essential

Publicity Officers
Role: Promote awareness of Scientific Malaysian especially via social media,
distributing SciMy digital magazine, liaising with relevant organisations

University Ambassadors
Role: Promote awareness of Scientific Malaysian at
university campuses and research institutes locally
(Malaysia) or abroad. May involve organising events
(such as talks or discussion forums)

If you would like to contribute to Scientific Malaysian
in other ways not mentioned above, please do contact us http://www.un.org/sustainabledevelopment/sustainable-development-goals/

1

we are always looking forward to new ideas!
Contact us: t e a m @ s c i e n t i f i c m a l ay s i a n . c o m
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