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Mount Taranaki, a 2,500m-high
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dormant volcano, is a popular spot for tourism, hiking and snow sports. PHOTO: PIXABAY

Mountain on NZ’s North Island
now legally considered a person

Rhea Yasmine

A mountain in New Zealand - seen
as an ancestor by the country’s in-
digenous Maori people - is now le-
gally considered a person.

Mount Taranaki, now known by
its Maori name Taranaki Maunga,
was granted personhood by Parlia-
ment’s 123 lawmakers, who unani-
mously affirmed the Taranaki
Maunga Collective Redress Bill on
Jan 30.

The Bill gives local tribes more
say in maintaining the mountain’s
well-being, including the conser-
vation of wildlife in the area, re-
ported CNN. Public access to the
mountain will remain.

The 2,500m-high dormant vol-
cano on the country’s North Island
is a popular spot for tourism, hik-
ing and snow sports. While hunt-
ing and sports groups were able to
influence the management of the
mountain, the Maori people were
not, reported Sky News.

But with the passing of the Bill,
four people from the local Maori
tribes and four others selected by

New Zealand's conservation minis-
ter will form an entity to act as “the
face and voice” of the mountain.

“The mountain has long been an
honoured ancestor, a source of
physical, cultural and spiritual sus-
tenance, and a final resting place,”
Mr Paul Goldsmith, the lawmaker
who is responsible for the settle-
ments between the government
and Maori tribes, was quoted by
CNN as telling Parliament.

According to The New Zealand
Herald, the passing of the Bill on
Jan 30 came after almost a decade
of settlement negotiations.

The Bill also acknowledges that
the mountain was taken from the
Taranaki region’s Maori tribes by
British colonisers.

The Treaty of Waitangi ~ New
Zealand’s founding document that
was signed in 1840 - promised that
the Maori would still have rights
over their land and resources. But
in 1865, sections of land, including
the mountain, were taken from the
Maori to punish them for rebelling
against the British, reported CNN.

“Today, Taranaki... our maunga
tupuna (ancestral mountain), is re-
leased from the shackles, the

shackles of injustice, of ignorance,

of hate,” Ms Debbie Ngarewa-Pack-

er, a co-leader of political party Te

Pati Maori and a descendant of the

Taranaki tribes, reportedly said.
“We grew up knowing there was

nothing anyone could do to make

d
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s recognised
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ural feature was legally

naki’s personhood comes after
thousands marched in New Zea-
land’s capital in November 2024 to
protest against a conservative push
to redefine the Treaty of Waitangi,
which many critics see as an at-
tempt to strip long-agreed rights
from the country’s 900,000 Maori
population.

ryasmine@sph.com.sg

Countries committed
to climate plans
despite US exiting
Paris pact: UN official

He encourages them to submit stronger
plans in 2025 to reap ‘massive rewards’

BRASILIA - Countries are staying
committed to their national cli-
mate plans and looking to lead the
clean energy transition as the US
plans to exit the Paris climate
agreement, the UN's top climate of-
ficial said in his first speech of the
year on Feb 6.

Mr Simon Stiell, executive secre-
tary of the UN Framework Conven-
tion on Climate Change (UNFCCC),
laid out priorities ahead of annual
climate talks in November, and en-
couraged countries to prepare
stronger national climate plans in
2025, even after US President Do-
nald Trump said he will remove the
world’s second-biggest green-
house gas emitter from the Paris
Agreement.

“A country may step back, but
others are already stepping into
their place to seize the opportuni-
ty, and to reap the massive re-
wards: stronger economic growth,
more jobs, less pollution and far
lower health costs, more secure
and affordable energy” Mr Stiell
said in a speech in Brazil's capital
Brasilia, alongside COP30 presi-
dent Andre Correa do Lago.

Asked about which countries are
stepping up, Mr Stiell says this will
be known at the end of the year, as
the countries deliver a new round
of nationally determined contribu-
tions (NDCs).

“The call is for greater ambition,
for these plans to be economy-
wide. These will be the most com-
prehensive climate plans ever de-
veloped, the third generation of
NDCs. We'll be able to give better
commentary as we synthesise that
towards the end of the year” he
said.

“But in terms of actions being
taken, just looking at what is hap-
pening within the markets, region
by region, country by country, it’s
very clear, as I said, those that are

hi Al

p g forward, of
whatever rhetoric there is about
those who wish to step back.” he
argued, citing, for example, what
China, Brazil and India are doing
on reducing emissions.

Mr Stiell said that in the 10 years
since the Paris Agreement was
adopted, the world has become
more divided but the climate nego-
tiation process has “managed to
buck the trend”.

Some governments have faced
political backlash to climate poli-
cies. Green candidates in Europe
are losing support and the US
elected Mr Trump, who cam-
paigned against the Biden admin-
istration’s climate-centred agenda.

Even so, Mr Stiell said the world
has mobilised around USS2 trillion
(§82.7 trillion) in climate finance,
money to support poorer coun-
tries’ efforts to reduce emissions
and adapt to climate impacts, from
“nearly nothing” over the last dec-
ade. He called on countries to in-
crease the amount of climate fi-
nance they agreed to target at the
climate summit in 2024 of US$300
billion annually by 2035.

Mr Stiell said the Paris Agree-
ment provides all the mechanisms
to drive countries to reduce emis-
sions, but recognises it “lacks en-
forceability”.

“And at the end of the day, it is for
countries to nationally enforce and
manage. And what we're seeing
there is that gap between what
needs to be done and what is being
done,” he said.

Mr Stiell said also that he expects
the vast majority of countries to
submit new national climate plans
under the Paris Agreement in
2025. The UNFCCC has a Feb 10
deadline for submissions of those
plans but many countries said they
would submit them later in the
year. REUTERS

Top UN climate official Simon Stiell
says that in the 10 years since the

of the Paris Ag the
world has become more divided but
climate talks have “managed to buck
the trend”. PHOTO: REUTERS

FILLING THE VOID

A country may step
back, but others are
already stepping into
their place to seize
the opportunity, and
to reap the massive
rewards: stronger
economic growth,
more jobs, less
pollution and far
lower health costs,
more secure and
affordable energy.

9

MR SIMON STIELL, executive
secretary of the UN Framework
Convention on Climate Change, on
the US' withdrawal from the Paris
Agreement.
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Materials Circular Economy
Publishing model: Hybrid

Material Materials Circular Economy

CircularEconomys| Science, Engineering, and Sustainability & Backto overview

Publishing model

Hybrid Supporting the Sustainable

Developmental Goals

SPRINGER NATURE GROUP LA

%

I =
= =
SDG Programme | %,,§
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Overview

We are proud to acknowledge that over

o g A .
Materials Circular Economy provides a platform for research related to the science, engineering and technologies of 50% of the articles published in
sustainable materials, 6Rs (reuse, recycle, redesign, remanufacture, reduce, recover), lifecycle engineering and life Materials Circular Economy in 2023 were

cycle assessment of materials with or without the use of artificial intelligence and data science. related to one or more of the 17

Sustainable Development Goals
Main Editor

Seeram Ramakrishna, Jose Rajan (SDGs). Springer Nature supports the
SDGs through a dedicated SDG

Programme and is a signatory of the
SDG Publishers Compact.

https://link.springer.com/journal/42824



UNESCO Report: Transforming Higher-Education for Global Sustainability

Access the report:

\("
‘* : ‘:\

A == (g "~y

Knowledge-driven actions: Transforlng

SSSNEE

higher education for global sustainability

Independent Expert Group on the Universitiesand the 2030 Agenda

Educatjon

20301

https://unesdoc.unesco.org/ark:/48223/pf0000380519

UNESCO EGU2030- Global
Independent Expert Group on
the Universities & the 2030

Agenda

https.//www.uib.no/en/sdgbergen/141236/members-unesco-expert-group



The universities we need for the future we want
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INVISIBLE DANGER
Possible health consequences of day-to-day contact
with hormonally active substances in plastics
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3,600 chemicals used in food packaging have
been detected in human bodies. 100 of them are
of “high concern” to human health.

(2) Human Health Effects @

i March.
requires huge amounts of copper in addition to nickel, lthium and other so-called critical minerals, and Kazakhstan has many of them.

(1) Planned Obsolescence and Resources Crunch &

TURNING POINT

Many metrics of human activity, including carbon emissions and production of
materials, waste and meat, increased markedly after the Second World War.
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https://doi.org/10.1038/d41586-024-02712-y; https://www.offgridnigeria.com/floating-littered-plastic-waste/
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Singapore generated 189,000 totmes of t( tils 000
and leather waste in 2021. That's enough t A

fill approximately 30,000 Olympic-sized
swimming pools! Unfortunately, only 4
percent of this massive amount of waste
was recycled.
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Trump signs
order that

takes aim at
paper straws

WASHINGTON - US President
Donald Trump signed an exec-
utive order on Feb 10 pushing
for a return to plastic drinking
straws, saying their impact on
marine life was limited and that
paper ones favoured by envi-
ronmentalists “explode”.

The Republican’s order re-
verses a target set by his Demo-
cratic predecessor Joe Biden to
eliminate single-use plastic
utensils like straws across
US government agencies by
2035.

“We're going back to plastic
straws,” Mr Trump said.

He said of paper straws:
“These things don’t work, I've
had them many times, and on
occasion, they break, they ex-
plode. If something’s hot, they
don’t last very long, like a matter
of minutes, sometimes a matter
of seconds. It’s a ridiculous sit-
uation.”

Environmentalists have long
campaigned for an end to the
use of plastic straws and other
utensils, saying they pollute ma-
rine environments in particular.

But Mr Trump rejected their
concerns. “I don’t think that
plastic is going to affect a shark
as they're eating, as they're
munching their way through
the ocean.”

Presenting the document for
Mr Trump to sign, White House
staff secretary Will Scharf said
the environmental impact was
“entirely debatable” and that
American consumers were
“wildly dissatisfied with their
straws”.

Mr Trump, who has called cli-
mate change a “scam”, has is-
sued a series of orders on the
environment since returning to
the White House for a second
term.
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BUSINESS INSIDER @
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Researchers found a spoon's
worth of nanoplasticsin
human brains — the latest
evidence that plastic is
accumulating in our bodies

Jenny McGrath and Jessica Orwig
Feb 4,2025,4:48 AM SGT

~ Share R Save [J Readinapp
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Circular Economy?

uses a systemic approach to maintain a circular ‘, N
flow of resources, by recovering, retaining or

adding to their value, while contributing to

Linear economy

sustainable development (ISO59004:2024). iParadigm shift
e
Circular economy has the potential to substantially S =
reduce GHG emissions and particulates o \
Ircular economy

Share

. Remanufacture
( ) 40% (ﬂ
‘ GHG oMb \ ./

Repair F Refurbish

Resources (fossil fuels, minerals, and
biomass) extraction and processing

h m m frfbfftgéeskﬁes/maba/-l?esaurce-au tlook-2024; ISBN: 978-1-119-81768-0; @Shutterstock
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Climate-driven

changes

tos life cycle.
‘increasmg its rate of
successful
reproduction.
Climate change also
allows the mosquito,
a dengue vector, to
inhabit environments
at higher altitudes
and latitudes for
longer periods of the
year.

AEDES AEGYPTI
MOSQUITO

IMPACT OF CLIMATE
CHANGE ON MOSQUITO
LIFE CYCLE
A warmer climate speeds up
Aedes aegypti's bodily chemical
processes so it develops faster.

\ Higher rainfall also creates more

stale water bodies in which
mosquitoes may breed - their

_ eggs hatch when covered with

Sources: U. S.CENTRES FOR DISEASE CONTRNI AND PRFVFNTION RIFANI FT Al (2022)
PHOTOS: ADOBE STAlexander Severinsky (2022) hesdesertification of crop lands, 116 pages, LAP LAMBERT Academic Publishing. ISBN-13 : 978-6204744193

MAMMALS

One of the universal adaptation responses to climate change in mammals is
that they get smaller as temperature rises. Jonathan Bloch (University of Florida,
2017) reported that the earliest ancestors of horses were about the size of a dog,
withbody size inversely correlated with temperature: the hotter it got, the smaller
the horses.

Fig. 9. Modern horses were much smaller during the PETM.



Net-Zero

emissions pledges (target year) by
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Panel

- International
; Resource

Delivering on the SDGs for all
requires decoupling, so that the
environmental impacts of resource
use fall while the well-being
contributions from resource use
increase

Wellbeing decoupling
from resource use

Resource decoupling
from economic activity

Impact decoupling

UN® Z= GLOBAL RESOURCES OUTLOOK 2024 REPORT

programme

Increasing resource use is the main
driver of the triple planetary crisis.

Extraction and processing of
material resources (fossil fuels,
minerals, non-metallic minerals and
biomass) account for over 55 per
cent of greenhouse gas emissions
(GHG) and 40 per cent of particulate
matter health related impacts. If
land use change is considered, climate impacts grow to
more than 60 per cent, with biomass contributing the
most (28 per cent) followed by fossil fuels (18 per cent)
and then non-metallic minerals and metals (together 17
per cent). Biomass (agricultural crops and forestry) also
account for over 90 per cent of the total land use related
biodiversity loss and water stress. All environmental
Impacts are on the rise.

UNEP Global Resources Outlook 2024 - Bend the trend: Pathways to a Liveable Planet as Resource Use Spikes. https://wedocs.unep.org/20.500.11822/44901)



Top 20 Asia-Pacific cities

The 2025 Asia-Pacific Best Cities Report ranked
more than 140 cities on how liveable, lovable and

1 Singapore
Tokyo

3 Seoul

4 Hong Kong
5 Beijing

6 Bangkok
7 Sydney

8 Shanghai
9 Melbourne

10 Kuala Lumpur

Osaka
Delhi
Mumbai
Bangalore
Auckland
Taipei
Guangzhou
Shenzhen
Brisbane
Perth

Source: RESONANCE CONSULTANCY ST PHOTO: GAVIN FOO  STRAITS TIMES GRAPHICS
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This panel explores how the circular economy, driven by engineering, innovation, and
education, can eliminate waste, tackle climate challenges, and achieve net-zero goals.
Learn how to build resilience, develop sustainable solutions, and equip future
engineers for a greener, more sustainable future.
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SG Green Plan 2030: Singapore’s commitment towards
the UN Sustainable Development Goals (SDGs).

| 2024

@ GREEN PLAN

The Singapore Green Plan 2030 is our national sustainability
movement, positioning us to achieve our target of net zero
emissions by 2050. It is a living plan which continues to evolve.
Here are the key updates and initiatives announced by our
Green Plan Ministries during the Committee of Supply 2024.

GreenPlan.gov.sg

GREEN ECONOMY

I BUILDING SUSTAINABLE ENTERPRISES I

P R , Reuse, ) efforts in their organisations

o Introduced a new course to train up Zero Waste Managers to
jon 3R (

| TRANSFORMING & DECARBONISING SECTORS |

o Enhance Resource Efficiency Grant for Emissions to support more
ir ial facilities and proj: to improve energy efficiency and
reduce emissions

SEIZING OPPORTUNITIES IN
THE LOW-CARBON ECONOMY

Helping businesses

o Extend Enterprise Financing Scheme-Green and expand the scheme to
support adoption of green solutions

o Provide funding support for businesses starting on their sustainability
reporting journey

Supporting workforce to upskill & reskill

0 Develop training p in Carbon
Trading with Institutes of Higher Learning

g Services and

SUSTAINABLE LIVING

| BUILDING A CLIMATE-FRIENDLY SINGAPORE |

8 Enhance Climate Friendly Households Programme to encourage all
HDB households to switch to energy and water efficient household
appliances

o Expand energy labelling scheme for household water heaters and
commercial storage refrigerators to help households and
businesses make informed energy efficient choices

o Commence study to explore feasibility of expanding the Extended
Producer Responsibility approach to cover more types of packaging
waste beyond beverage containers

| ENHANCING FAST CHARGING NETWORK |

0 Deploy more fast chargers to support the charging needs of fleet
Electric Vehicle drivers

https:.//www.greenplan.gov.sg/infographics/



GREEN ECONOMY

DEVELOPING CARBON CAPTURE & STORAGE
AS A DECARBONISATION PATHWAY

0 Work with an industry consortium to study the viability of developing
a cross-border Carbon Storage project capturing emissions from
Singapore

SUPPORTING BUSINESSES TO PURSUE
SUSTAINABILITY COLLABORATIONS

O Introduce Environmental Sustainability Business Collaboration
Guidance Note

ENCOURAGING BUSINESSES TO INVEST
IN ENERGY EFFICIENT EQUIPMENT

0 Expand Energy Efficiency Grant to support adoption of energy
efficient equipment in more sectors

SUPPORTING MARITIME BUSINESSES TO
TAP ON NEW GROWTH OPPORTUNITIES

o Establish a new pillar under the Maritime Cluster Fund to catalyse
first mover adoption of pre-approved sustainability solutions in
targeted new areas

ENERGY RESET
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ADOPTING BEST-IN-CLASS POWER

GENERATION TECHNOLOGY

O Awarded YTL PowerSeraya the right to build, own and operate a new
hydrogen-ready Combined-Cycle Gas Turbine (CCGT) power plant

o Commencement of operations by end 2027, making it the third
hydrogen-ready CCGT power plant in Singapore

ADVANCING EFFORTS IN EXPLORING

LOW-CARBON ALTERNATIVES

o Launched request for proposals for low/zero carbon ammonia
solutions for power generation and bunkering

o Committed $53 million to 16 Low-Carbon Energy Research projects to
improve technical and commercial viability of low-carbon energy
technologies such as hydrogen

https.//www.greenplan.gov.sg/infogfaphics/




Singapore Green Plan 2030 (https://www.greenplan.gov.sg)

Total Waste Generated Non-Incinerable Waste
20,233 t/d Collection 613 t/d Landfill

3%
>

Singapore Green Plan 2030 | U223 Consumers

Incinerable Waste N
8,356 t/d

41%

Zero Waste Masterplan are

Recyclable Waste
11,265 t/d

aimed to a) reduce the amount | 56%

Total Recycled Waste
11,475 t/d

57%

Ash
1,580 t/d

of waste sent to the landfill each

day by 30% by 2030, and b)

Metals Recovered

Waste-to-Energy

develop a circular economy. This
Producers
Electricity

will Complement SingapOre,S 3,341 MWh/d
In 2022, Singapore generated 20,000 tons of
waste per day - 57% Recycled and 41%
Turned into Energy

climate actions.




Singapore Waste Statistics
(2023)

Domestic Waste Generated Per Day Per Capita Non-Domestic Waste Generated Per Day Per Dollar GDP

(2013 to 2023) (2013 to 2023)
1.10 45.00
1.05
40.00
1.00 N
0.95 35.00
i 30.00
0.85
0.80 25.00
0.75 20.00
0.70

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 15.00
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Domestic waste generated per day per capita (kg/day/capita) = Non-Domestic Waste Generated per day per dollar GDP (t/day/$bn)

https.:.//www.nea.gov.sg/our-services/waste-management/waste-statistics-and-overall-recycling
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Global food waste
by the numbers

Food waste is a major source of green-
house gas emissions, a key driver of
deforestation and a headache for waste
management firms. Yet it is also a key
resource that can be recycled and
repurposed into valuable

products and energy. :

MM

KEY FIGURES

- Value of food thrown away every
year, according to the United

- Nations Environment Programme
(UNEP), based on 2022 figures.

The average amount of
food waste each person

. produces a year, 79kg of
which is trashed at home.

" 8-10%
The proportion of
global greenhouse gas

emissions generated by
food waste.

‘] O billion
. tonnes
The amount of wasted
food from the retail,

food service and
household sectors.

The number
of people
affected by

hunger
each year.

Sources: UNITED NATIONS ENVIRONMENT PROGRAMME,
OUR WORLD IN DATA, NATIONAL ENVIRONMENT AGENCY

South orea |7 EETIETTNN

GLOBAL FOOD WASTE PER CAPITA
IN 2022 (based on UNEP data)

Retail [ Out-of-th:. B Household

| Food waste per capita (kg)

133

World E:*_ 79 132
[

South sy

Africa 31 47 93

Japan 81
1°8.9

' Per-capita waste for Singapore*

2022
*Based on data
About 144'(9 from the National
Environment
2023 Agency and

About 128'(9 population figures

NOTE: Total figures may not add up due to rounding.

SINGAPORE FOOD WASTE
-\ Food waste disposed of Total food
waste
/.. Food waste recycled generated
Tonnes ('000)
1000
817 813
800 744 = i F— 755
663 667
607 665 .—0\6%3
600 ®
\.
539
400
200 — 8 .
.~.—.—-—‘——0~.
136 126 154 146 132
0

2019 2020 2021 2022 2023
ferdid 18% 19% 19% 18% 18%
rate

PHOTOS: ADOBE STOCK  STRAITS TIMES GRAPHICS



Waste-to-energy plants
aren’t perfect but likely
have less climate impact

than landfills.

https://www.straitstimes.com/opinion/that-landfill-you-are-ignoring-oozes-

& s T
Avyouth searching through a landfill for recyclable material in Basrah in southern Iraqin 2023. When bi

That landfill you are
ignoring oozes methane

Dumping our garbage — especially our
food waste — into the ground is bad for

the earth’s atmosphere.

F.D. Flam

Every year, Americans dump over
250 million tonnes of garbage into
landfills, where it seems to
magically disappear from our
lives. In reality, our rubbish either
gets fossilised or digested by vast
populations of methane-emitting
bacteria.

Over a 20-year horizon, every
pound (454g) of methane emitted
has 80 times the heat-trapping
power of the same amount of
carbon dioxide (CO2 lasts much
longer in the atmosphere). And
America's 1,200 landfills are
producing more methane than we
realised, according to a group of
scientists who recently used an

: aerial remote sensing system to

: fly over 200 of them. They

: measured methane emissions 1.4

i times what had been officially

: recognised by the US

: Environmental Protection Agency
: (EPA). The journal Science

: published their findings in March.

These revelations underscore

: that fighting climate change will
i require reducing or phasing out
¢ landfills. That would not only

make a huge cut in greenhouse

i gas emissions but also save tracts
: of land from getting gobbled up
i by the growing landfill industry.

The new measurements confirm

¢ recent estimates his group has

: made, said Columbia University

i professor Nickolas J. Themelis. By
: his estimate, US landfills emit

: about 10 million tonnes of

s -

d Aahl

: methane a year - which over the
i next 20 years have the
: greenhouse gas equivalent to 800

million tonnes of CO2. That is an
amount comparable to what is
produced by the aviation industry,
he said.

While oil and gas production
and agriculture are the biggest
sources of methane pollution,

: landfills place a close third, said
: the Science study’s lead author
: Dan Cusworth, a climate scientist

at the University of Arizona and
the project scientist for the
non-profit organisation, Carbon
Mapper.

Until recently, the only direct
methane measurements scientists

: could perform on a landfill
¢ involved sending some brave soul

walking around on top of it, he
said. This was far from systematic
“Landfills are very complex,

i dynamic environments,” he said.
: There are hills and even cliffs.

“You can imagine the area where
trash is being actively dumped -
it’s too dangerous for someone to
walk there” Most prior research
on landfill emissions thus relied
on mathematical models - which,
it turned out, were
underestimating the problem.
With a technique called airborne
imaging spectroscopy, Dr
Cusworth’s group could better

stuffdecaysaboveg d in

¢ measure emissions from each

andfill.

Although Dr Cusworth’s
research reveals the true scale of
the problem, people have known
for decades that landfills create
methane, said Dr Sally Brown, a
professor at the University of
Washington and one of the
world's experts on the secret lives
of landfills and their contribution
to climate change.

When biodegradable stuff
decays above ground or in
compost piles, bacteria digest it
using oxygen, which produces
carbon dioxide. But when your

esort to a different, oxygen-free
anaerobic) process that produces
ots of methane.

In the past, when rubbish went
to an ordinary dump, these
emissions could create a fire
hazard. Concerns about public
safety led the EPA to require that
town dumps be replaced by
“sanitary landfills” which involve
a honeycomb structure of cells
lined with clay.

“They had to start collecting
gas,” she said, “so that it doesn’t
go to Joe Schmo's basement and
blow him up when he has a cigar”

Today, concerns about climate
change should spur a similar

: rethink of landfills. Pipes leading
: out of the cells could divert some
: methane, Prof Brown said, where
¢ it could be used for energy or

: burned.

Then there’s waste-to-energy

: plants. While uncontrolled

: incineration is a major source of

i air pollution, a well-designed,
 modern waste-to-energy plant

: captures most of the heavy

: metals, dioxins, particulates and

: other impurities. In China in

: 2006, Beijing found itself

i surrounded by 500 landfills,

i Columbia’s Prof Themlis said, and
: since then they've started putting
food scraps find themselves under :
i 80 tonnes of other waste, bacteria

most of their garbage into

¢ waste-to-energy plants.

The plants do still emit carbon

i dioxide and some people have

¢ protested against their

i construction in their

: neighbourhoods, but Denmark

: and Japan are already using them
: to phase out landfills - along with
: strategies like generating less

i waste and getting better at

i recycling.

“You know, I see Elon Musk

: talking about spending money to
: populate Mars,” Prof Themelis

: said. “It’s so absurd... when at the
i same time, every year, we're

¢ transforming a large patch of

: green Earth to landfills”

There are also small things each

post piles, bacteria digest it using oxygen, which produces carbon dioxide. But when your food scraps
find themselves under 80 tonnes of other waste, bacteria resort to a different, oxygen-free (anaerobic) process that produces lots of methane. PHOTO. AFP

: of us can do to reduce the

: problem. Most of the methane

: from landfills comes from food

: waste, Prof Brown said, and in the
: US, much of that is made up of

: edible food. By some estimates, as
: much as 30 per cent of the food

: we produce goes into landfills

i rather than to our tables.

That's easy to remedy - already,

: Seattle has cut way down on food
¢ waste with better public

: awareness and systems for getting
: still-edible food to food banks.

: Prof Brown said Alameda County,
i California, has another good

: system for keeping food waste out
: of landfills.

Another way to get rid of food

: waste is to turn it into animal

: feed. Over our Zoom link, Prof
: Brown showed me a gadget she
i has in her home that dries out
: food waste and turns it into

: chicken feed. “We give it to our
: neighbour,” she said. In return,
: the neighbour shares the eggs.
i Near Las Vegas, there’s a

i programme that diverts food

: waste to feed pigs.

For whatever waste is left, we’ll

: have to make smart decisions.

: Waste-to-energy plants aren't

: perfect but likely have less climate
¢ impact than landfills. After all,

: garbage doesn’t just vanish.

: BLOOMBERG



The Integrated Waste Management Facility
and Tuas WRP form the Tuas Nexus.

Salvagingn
used water

Construction of the more than $3 billion Tuas Water Reclamation Plant (WRP)
is one-third complete and set to start operations by 2026.
Shabana Begum and Lim Yong outline how the plant will treat used water.

TUAS WRP
» Domestic sewage and industrial used water from
Sing 's west: nd downtown regions will
flow to the plant through a 98km-long
underground superhighway.
» The plant can treat
650,000 cubic m of
domestic used water
and 150,000 cubic m of
» @ industrial used water
L e | per day.
Downtown
THE PROCESS
A look at the Secondary treatment in
key processes membrane bioreactor
at the plant

» Bacteria break down

disinfection /,
SN : ;;/ Industrial
N water

Ultraviolet (UV) filtration
UV light is used for

Newater

< Outfall

for Newater

= The treated effluent
is further purified to
Newater. Up to 85 per
cent of domestic used
water can be converted
into Newater.

« Some of the treated
used water from the
industrial stream will be

are removed along the way.

BIOGAS FOR ELECTRICITY « Sludge is treated at a biosolids

complex - which includes 40m-tall

digesters - to generate biogas.

 Pre-treated food waste at the National
ent Agency’s Int: Waste

Biogas/Sludge
—p

Management Facility xt door
ne; r
wil als0 ith the sludge

= The produced will then be
combusted at the IWMF, The electricity
generated will be used to power the
entire Tuas Nexus and excess will be
exported to the electricity grid.

> 4
Digester under construction at the
Tuas WRP work site.

waste products in used recycled for internal
water, and this is followed use in Tuas WRP
by a membrane where and excess will be
Primary ining i ities are into the sea.
Domestic treatment physically removed.
used water “P * Industrial used water -
o S Tmacy which is high in chemical,
~ sedimentation tanks salt and metal content -
separale the solids, takes more time to be High-quality treated effiuent
o shidge, ':o'" used “cleaned up” in the can be directly discharged
< > Waler ) o e bioreactor. into the sea without needing
Industrial = % Smering s L oo « Tuas WRP will house to buikd long deep-sea pipes,
used water _.> the plant remdg:nd ol to the largest membrane which would have cost more
s»,\‘béﬁ?\ « From as deep as 78m generate biogas. bioreactor in the world, than $650 million.
SRS underground, domestic and ’ but to save on cost and
NSO industrial wi * The tanks are lined rea, it will
ST used water is el land area, it will use
N pumped up to the plant for with inclined plates to 30 per cent less space
treatment separately. increase the surface than conventional plants.
» Debris and particles, ar:;e(o' sudge to
including grit and grease, e

SOURCE, PHOTOS AND ARTIST'S IMPRESSIONS: PUB

Water-energy-
waste nexus
allows food waste
and used water
sludge to be co-
digested to
generate up to
three times more
biogas than
conventional
sludge treatment
processes. The
biogas generated

will boost
electricity

production. The
Tuas Nexus
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Resource Sustainability Act (RSA) was enacted in October 2019 to give legislative effect to the

requlatory measures targeting the three priority solid waste streams of e-waste, food waste and packaging waste,
including plastics.
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The following Act was passed by Parliament on 4 September 2019 and assented to by the President on 23

Do Recycle These ) :
September 2019:— Electronic
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RESOURCE SUSTAINABILITY ACT 2019

(No. 29 0f 2019)

https://www.mse.gov.sg/resource-room/category/2020-07-30-
resource-sustainability-act/

? 8 8 h"tn
A )Q [;?\ AN
A RENEW e-waste collection bin located within an electronics store in Singapore (Source: Koh Mui

Fong/TODAY https://www.todayonline.com/singapore/more-800-kg-e-waste-collected-electronic-retailers-under-expanded-
starhub-programme)
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Under the Extended Producer Responsibility (EPR) framework, producers of regulated electrical and
electronic products are made responsible for the collection and proper treatment of their e-waste. These
producers are companies that manufacture or import regulated products for supply on the local market. All
e-waste collected will have to be channelled to licensed e-waste recyclers for proper treatment. Singapore
National Environmental Agency, NEA awarded the licence to operate a Producer Responsibility Scheme
(PRS) to ALBA Group plc & Co. KG. ALBA is responsible for the e-waste collection targets set by NEA.
Producers of consumer products will be required to join the PRS and finance the collection and recycling of
the e-waste.
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Recycling a refrigerator from start to finish

A recycling facility is now able to handle the recycling of large household appliances such as refrigerators and
washing machines from start to finish and, with automation, is able to do so more efficiently. This is what happens
to a refrigerator after it is sent to EWR2 in Tuas.

o The refrigerator is sent to 9 Some parts, such as the motor, will 9 The refrigerator, now just a frame,
EWR2, where it is dismantled. be taken to specialised machinery will be placed inside the large
such as a compressor and a motor household appliance recycling

cutter, where the copper coil is machine, where it is crushed into

1 g s

] el

extracted and then recycled. small pieces.The debris is then

. sorted into materials such as
plastic, foam and metals, which
are then sold off.

The refrigerant, which contains
harmful gases, is also properly
extracted. Other parts of the
refrigerator, such as its plastic
shelves and compartments, will
also be removed and set aside.

e An oven is then 6

used to press
the precious
metals into
blocks which are
sold off. These
precious metals
can be used in
various ways,
such as to make
new electrical
appliances.

. Meanwhile, the
other materials
from the
refrigerator such
as plastic, foam
and glass will
also be sold to
recyclers that
deal with these
materials.

The circuit board
of the fridge is
sent to a chemical
plant, where a
robotic arm dips it
into acids that are
used to extract
precious metals
such as palladium.
The used acid is
then treated so it
can be used again.

Source: EWR2 PHOTOS: ADELINE TAN, CHIATI YAN STRAITS TIMES GRAPHICS
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Third plant
adds 30%
to battery
recycling
capacity

KGS aims to capitalise as electric vehicle
adoption picks up in S’pore and regionally

Christopher Tan
Senior Transport
Correspondent

In anticipation of a boom in the
battery recycling business when
electric vehicle (EV) adoption
gains traction, three young men
have set up a 20,000 sq ft facility in
Tuas to plug into the nascent sec-
tor.

Mr T. Max, 33, a businessman;
Mr Jasper Tan, 33, previously in the
IT industry; and Mr Andrew Tay,
35, who worked at a paper recy-
cling company, got together in 2016
to form KGS to recycle electronic
waste (e-waste).

In 2023, KGS branched into bat-
tery recycling, with an eye to cap-
italise on the electrification drive
accelerating in Singapore, the re-
gion and around the world.

Mr Max said KGS has invested
around $2 million to set up the
plant, which has the potential to
process around seven tonnes of
batteries per day “if it is run 24
hours”.

“EV batteries make up none of
the feedstock now, but we expect
this to change,” Mr Max said. “We
are also looking to source for feed-
stock from the region.”

Currently, battery feedstock at
KGS is primarily from information
and communications technology
(ICT) equipment, although batter-
ies from hybrid vehicles and e-
scooters are beginning to show up.

KGS’ plant in Tuas South Lane is
the third battery recycling plant
here. The first two are TES Singa-
pore and Se-cure Waste Manage-
ment, which are in Tuas and Ju-
rong, respectively.

Dr Amy Khor, Senior Minister of

A\

battery feedstock is primarily from information and communications technology equipment. ST PHOTO: DESMOND FOO

State for Sustainability and the En-
vironment, who officiated at the
opening of the battery recycling
plant on Tuesday, said KGS will
boost Singapore’s battery recycling
capacity by 30 per cent to 11,000
tonnes per year.

She said this was “important”,
given the “rising volume of EV bat-
teries... as well as lithium-ion bat-
teries from ICT equipment that we
expect from wider digitalisation”.

She added that battery and e-
waste recycling was key to Singa-

pore’s goal of reducing its landfill
waste by 30 per cent by 2030.

At KGS’ plant, batteries are first
submerged in containers of saltwa-
ter to discharge whatever power
they still hold.

They are then fed into shredders
which break them into tiny bits,
which are then sorted into three
main groups - plastics; metals,
such as copper and aluminium;
and black mass, a powdery sub-
stance which has to be chemically
broken down further to extract re-

usable materials such as graphite,
cobalt hydroxide and lithium car-
bonate.

Mr Max said the KGS plant cur-
rently does not have the means to
undertake the latter portion of this
recycling process, but plans are
afoot to include this “some time in
the third quarter of 2024”,

He added that there are also
plans to extract battery cells that
are still in relatively good health to
be used in energy storage systems.
This extends the usefulness of EV

THE STRAITS TIMES

KGS has invested around $2 million to set up the plant, which has the potential to process around seven tonnes of batteries per day “if it is run 24 hours". Right now, its

batteries, which in their “second
life” could augment a building’s
power needs, for instance.

In reality, however, industry ob-
servers reckon demand from bat-
tery makers for recycled materials
which they can use to make new
batteries - said to be far more cost-
effective than mining the earth for
fresh materials - will render sec-
ond-life batteries less commercial-
ly viable.

christan@sph.com.sg



Singapore aims to roll out a beverage container return scheme (Deposit Refund
Scheme) to encourage people to recycle drink containers such as plastic bottles and

aluminum cans.

BREERE R

Natalie Tan

Consumers will have to pay a re-
fundable 10-cent deposit for bot-
tled and canned drinks from April
1,2026, a year later than originally
announced.

The request for the delay was
made by beverage producers, who
required more time to adjust to the
changes, said the National Envi-
ronment Agency (NEA) in an up-
date on July 3L

The beverage container return
scheme was first announced in
September 2022. Under the
scheme, consumers will pay an ex-
tra 10 cents for bottled and canned
drinks but will receive a full refund
of the deposit when they return
the empty beverage containers at
designated mllllm points.

Applied to all plastic bottles and
metal cans e from 150ml to
3 litres, the will run for
seven years, from April 1, 2026 to

THE STRAITS TIMES
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March 31, 2033, in line with the li-
censing validity period.

More than 1,000 return points
will be located at supermarkets
and other communal areas to in-

el

10-cent beverage container return
scheme to kick off on April 1, 2026

Beverage Container Return
Scheme Ltd (BCRS Ltd), a not-for-

crease ¢ ience and facil a

higher rate of return to boost recy-
cling.

NEA aims to reach its target re-
turn rate of 80 per cent from 2029,
the third year of the scheme. This
means that out of an estimated
one billion beverage containers re-
leased into the market annually,
around 800 million will be re-
turned for recycling.

“We hope that it will also help to
foster a culture of recycling among
the public, divert these actually
very valuable recyclable materials
away from the incineration plant
and our landfills” said Dr Amy
Khor, Senior Minister of State for
Sustainability and the Environ-
ment, during a fireside chat at the
Singapore Institute of Directors’
inaugural Climate Governance
Singapore Forum on July 31

cence to operate from NEA on July
29, will be involved in collecti

Under the scheme, consumers will pay an extra 10 cents for bottled and canned drinks, and upon returning the empty containers, they will get a refund of the deposit. ST FILE PHOTO

tailers more time to design and run
the scheme smoothly. The consor-
tium also took more time than an-
ticipated to submit their proposal,
contributing to the delay.

While the scheme will take ef-
fect on April1, 2026, there willbe a
transition period until June 30,
2026, to allow the beverage and re-
tail industry to clear older stocks,
which are ineligible for refunds.

By July 1, 2026, all beverage con-
tainers must be labelled with the
deposit mark and carry a 10-cent
deposit.

To raise awareness of the
scheme, NEA and BCRS Ltd will

sorting and recycling beverage
containers, setting up return
points, and ensuring that stake-
holder fees are fair and transpar-
ent. It will also provide the start-
up capital to initiate the scheme’s
operations, and maintain suffi-
cient reserves to cover its oper-
ations,

At least two BCRS Ltd board
members will be appointed to rep-
resent the interest of smaller bev-
erage producers, as required by
law. BCRS Ltd will act on behalf of
all participating beverage produc-
ers in Singapore.

The launch was delayed to pro-
vide b g d and re-

B P
and launch a website with infor-
mation about return point loca-
tions and educational events,

“Our climate action efforts in-
clude promoting low-carbon solu-
tions, reducing our waste genera-
tion through initiatives such as the
disposable carrier bag charge” Dr
Khor, who is also Senior Minister
of State for Transport, wrote in a
Facebook post on July 3L

“Every effort counts when it
comes to climate action. So let'sdo
our part to continue building a
clean and sustainable home for
generations to come.”

omsg
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Plastic waste management
strategies

Circularity
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LTA said this new road mix is
meant for general application, and

it i d a of

how asphalt mix is pmduced.a

use overseas since the early 2000s,
in countries such as India, Indone-
sia and Britain.

On Friday, LTA said it is in early

LTA trying out asphalt -
containing plastic waste

Tests being done to measure factors such as
noise reduction, heat absorption, durability

Kok Yufeng

Transport Correspondent

Sections of the West Coast High-
way, the Pan-Island Expressway
and Jalan Buroh in Boon Lay have
been paved with asphalt that in-
corporates recycled plastic waste.
This is part of trials that the Land
Transport Authority (LTA) is con-
ducting to assess the feasibility of

A stretch of West
Coast Highway
that has been
paved with a new
plastic-
bituminous
composite
asphalt mix.
Senior Minister
of State for
Transport Amy
Khor said the
new road mixes
may be used on
selected
expressways and
roads if they are
found to be
acceptable.
PHOTO: AMY
KHOR/FACEBOOK

greener road surfacing materials
and improve their durability.

Various field tests are being car-
ried out until the first quarter of
2024 to measure factors such as
noise reduction, heat absorption
and road roughness.

In a Facebook post on Friday, Se-
nior Minister of State for Transport
Amy Khor said the new road mixes
may be used on selected express-
ways and roads if they are found to

be acceptable. “I'm heartened that
we are taking on more of these
green initiatives in our drive for
transport  sustainability,”  she
wrote,

In response to queries, LTA said
it is testing out two asphalt mixes
that have plastic waste in them and
are targeted at different road appli-
cations.

The trial in Jalan Buroh uses rea-
dily available clean plastic waste as
an additive to enhance the perfor-
mance of road segments that have
heavy loads, such as industrial
roads with slow-moving heavy
vehicles.

Bk ey

Earlier tests of this mix, which is
based on existing technology,
showed a 30 per centimprovement
in performance over the existing
asphalt mixes, LTA said.

This project is a collaboration
between LTA, the National Envi-
ronment Agency, Singapore Poly-
technic and local construction
company Samwoh.

Meanwhile, the trial at the West
Coast Highway and Pan-Island Ex-
pressway uses a new plastic-bitu-

i composi phalt mix
that LTA developed in collabora-
tion with the National University
of Singapore.

This new material is also expect-
ed to help reduce road noise and
improve urban cooling without
compromising performance.

The idea of using recycled mate-
rials for road construction is not
new. LTA changed road construc-
tion specifications in 2010 to allow
the use of recycled waste materials.
This came after it had conducted a
trial the year before on a 200m
stretch of Tampines Road made us-
ing processed construction waste
material recycled from the milling
of defective portions of road and
processed incinerated waste from
landfills.

Since June 2020, the authorities
have also been testing NewSand, a
material created from repurposed
municipal solid waste, for the layer
of material directly below the as-
phalt in a stretch of Tanah Merah
Coast Road.

Asphalt mixes that incorporate
recycled plastic waste have been in

discussions with Magorium on its
proposal to trial its new product,
NewBitumen, on public roads.
The local start-up was founded in
2019 to turn plastic waste into road
construction material, and New-
Bitumen has been used to pave five
private roads here, including drive-
ways at the DBS Newton Green
building and a condomini in
Marymount.

Separately, LTA has said that it
will use a low-noise asphalt mix
that uses materials such as latex
and rubber when resurfacing some
sections of expressways here.
There are plans to use this low-
noise mix in 2025 for a stretch of
Tampines Expressway that inter-
sects Sengkang and Punggol.

“Besides doing our part for the
environment, we also hope to find
better-performing road surfacing
materials,” it added.

yufengk@sph.com.sg




Circular Economy Example — Jurong Island

51 companies participated in an
industry-first circular economy
study on Jurong Island.
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BUILDING INDUSTRIES

Shell plant to turn plastic waste
into useful feedstock chemical

Ovais Subhani
Senior Correspondent

Shell broke ground yesterday on a
new plant on Pulau Bukom that
will turn hard-to-recycle plastic
waste into a feedstock chemical
that can be used to make everyday
products, from tyres to mattresses.

Slated to start production in
2023, Shell’s pyrolysis oil upgrader
unit is the first project in step with
the plan for the sector that in-
cludes a sustainable energy and
chemicals park on Jurong Island,
and will also be the first such plant
globally for the Dutch oil major.

It will also be the largest plant of
its kind in Asia, with a capacity to
produce 50,000 tonnes of pyroly-
sis oil ayear.

The groundbreaking ceremony
was officiated by Minister for
Trade and Industry Gan Kim
Yong.

Mr Gan said climate change has
been identified as the single big-
gest threat to humanity, while
consumers and investors are also
increasingly placing emphasis on
sustainability. That has put the en-
ergy and chemicals sector under
the spotlight, because of its high
carbon footprint.

“But the good news is that the
sector is not standing still. It has
recognised the existential impact
of climate change on its future
and has started to respond proac-
tively,” he said.

Ms Aw Kah Peng, chairman of
Shell Companies in Singapore,
said Shell’s energy and chemicals
park in Singapore is “a key driver

in our strategy to transform our
business, reduce our own emis-
sions and those of our customers,
as we move to alow-carbon econ-
omy”.

“The transformation that we
are embarking on is unprece-
dented for the industry here,” she
added.

Shell will use pyrolysis oil to pro-
duce circular chemicals that are
used to make foams used in bed-
ding, furniture and cars, and
which can be recycled back into
their liquid form, ready to be used
for another cycle.

It has already signed its first cir-
cular chemicals agreement in
Asia with Asahi Kasei, a multina-
tional Japanese chemical com-

pany.

osubhani@sph.com.sg

Green targets for Jurong Island

BY 2030

Increase the
output of
sustainable
products by

1.5 times

from 2019 levels. g

Ensure that the
refineries and
crackers are

in the

top quartile
of the world
in terms of
energy efficiency.

Realise at least

2 million tonnes
of carbon capture.

BY 2050

Increase the
output of
sustainable
products by

4 times
from 2019 levels.

Achieve more than

6 million tonnes
of carbon

abatement

per annum from
low-carbon solutions.

Source: EDB  STRAITS TIMES GRAPHICS

Trade and Industry Minister Gan Kim Yong
said the energy and chemical sector here
isinthe midst of a transition towards
lower-carbon fuels, renewables and

sustainable chemicals, and the

sustainable park initiative will build on

these ongoing efforts.

Nasreen, 5.A.A.N., Sundarrajan, 5., Nizar, 5.A.5. et al. Pyrolysis, Microwave, Chemical and Biodegradation Methodology in Recycling of Plastic Waste: a Circular Economy Concept. Circ.Econ.Sust. (2021). https://doi.org/10.1007/543615-

https://www.jtc.gov.sg/about-jtc/news-and-stories/press-releases/51-companies-jointly-support-industry-first-circular-economy-study-by-jtc-to-optimise-resource-use

021-00109-x
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CO2 carrier offers glimpse into future of carbon capture in region

A purple and turquoise vessel that
docked at Tanjong Pagar Terminal
on Jan 16 and 17 drew attention not
just for its unique colours.

Deep in the belly of the 130m-
long Northern Pathfinder are two
tanks that can hold about 8,000
tonnes in total of planet-warming
liquid carbon dioxide (CO2).

Builtin a China shipyard, the ves-
sel is on its maiden voyage to Nor-
way, where an interim storage facil-
ity is waiting to receive the CO2 be-
fore the liquid is sent to a vault kilo-
metres beneath the North Sea
seabed.

The Northern Pathfinder, po-
wered by liquefied natural gas and
which had been refuelled in Singa-
pore, is part of the world’s first
cross-border carbon capture and
storage (CCS) project, called
Northern Lights.

The project - jointly formed by
energy and oil and gas giants Shell,
TotalEnergies and Equinor - aims
to contribute to a commercial CCS
market in Europe.

Northern Pathfinder offers a
glimpse of the infrastructure need-
ed to shape CCS projects in South-
east Asia and the Asia-Pacific.

On Jan 17, the media, industry
partners and representatives from
Singapore agencies, among others,
were invited to tour the ship.

Shell is the lead developer of the
vessel - one of four ships that will
form a fleet of CO2 carriers under
the project.

Northern Pathfinder’s sister ship,
Northern Pioneer, left China for
Norway in November 2024.

Transporting captured CO2 from
emitter countries to storage na-
tions using ships is key for the re-
gion’s CCS ambitions, said Ms Zha-
rin Zhafrael Mohd, Shell’s general
manager of CCS for the Asia-Pacif-
IC.

“(The Asia-Pacific)... is largely ar-
chipelago, so shipping becomes ab-
solutely imperative and important
for us to realise carbon capture and
storage, and reduce carbon emis-
sions,” she added at a media brief-
ingon Jan 17.

Mr Lee Teng-Huar, Shell's general
manager for maritime operations
for the Asia-Pacific and Middle
East, said: “Compared with a pipe-
line which is fixed between two
parties, point to point, shipping al-
lows you to be a lot more flexible.

“If the project grows a lot more
scalable, it can always increase
more ships to take on more vol-
umes, versus a pipeline where,
once it's built, capacity could be
limited.”

Undersea

vault for CO2

In the world’s first
cross-border carbon captu
project, a vessel built in
China to carry liquefied

carbon dioxide (CO2) bunkered in Singapore on Jan 16 and 17,
before continuing on to Norway to pick up the planet-warming
gas and unload it at a storage facility. Storage of the liquid CO2

u Northern Lights,
Oygarden

NORWAY

i.

ent

CO0:2 capture
plant, Brevik
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involves pumping it under the seabed to be locked away.

ABOUT THE CO2 TRANSPORTATION SHIP

Two tanks of 7500 cubic m in volume for liquid CO2.
Liquid CO2 is kept at between -30 deg C and -22 deg C

Fuelled by liquefied natural gas
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HOW CARBON WASTE IS STORED

CO:2 capture Transport Arrival at intermediate

€Oz is captured . Liquid COzis onshore terminal

from industrial " transported by “$ (02 received here will be transported to

plants. custom-designed an offshore storage site via a pipeline.
ships.

itis then [ i I -

liquefied

and kept in 4

temporary :

storage.

Shell, which has formed a con-
sortium with ExxonMobil and is
partnering the Singapore Govern-
ment, has been evaluating the
technical and economic feasibility
of cross-border carbon capture
projects here, since the Republic
lacks suitable and sizeable geolog-
ical storage sites.

The consortium plans to develop

a CCS project that can permanently
store 2,500 kilotonnes of CO2 a
year by 2030, either in rock forma-
tions deep underground or under
the seabed, given that the region
has strong geological potential for
CO2 storage.

On storage locations, Shell has
been looking at places like Brunei,
Malaysia, China and Australia.

Wind-assisted ——®

NORTHERN LIGHTS

share best practices and informa-
tion on the decarbonisation solu-
tion, and facilitate industry-led re-
search projects.

Singapore is also looking to col-
laborate with Indonesia, which has
passeda law to allow CCS operators
to set aside storage capacity for in-
ternational entities.

The Republic also aspires to be-
come a hub for the trading of car-
bon credits.

In June 2024, delegates from Sin-
gapore, including Senior Minister
of State for Sustainability and the
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SWEDEN el One will go to Brevik and Industry Y,
e the other to the interim Company ]
o facifity in Oygarden H
: &
\ \
\ @, ’
)
\\ i 2 Singap
South ¢ /k Vessel bunkers
Atlantic & 4 Indian here onJan 16
Ocean 3 b, 2] Ocean and 17
. .'—_

rotor sail

v
-~

3

Air

lubrication

The journey from

Singapore to Norway
takes around 45 days

Overall length:
130m
(about 8m less
than a six-car
MRT train)
Overall width:

21m (about
4.2 car lengths)

Permanent storage

€0z is injected into a saline aquifer under the

>

seabed. After injection, seismic data is used
to monitor the CO2.

It takes approximately
48 hours before the CO2
is injected into the
storage site

Northern Lights will
store 375 million tonnes
of COz in the first phase
The permanent site can
Store at least 132 million
tonnes of COz

Sources SHELL, NORTHERN LIGHTS, LONGSHIP  PHOTO: SHELL STRAITS TIMES GRAPHICS

The National Climate Change
Secretariat has said that early CCS
projects will target highly concen-
trated CO2 emissions from energy
or chemical plants on Jurong Is-
land.

Sectors such as chemicals pro-
duce CO2 as part of their produc-
tion processes, and will require the
use of CCS to avoid releasing new

N

into the at P
Singapore now levies a carbon
tax of $25 per tonne, with a view of
reaching $50 to $80 per tonne by
2030.

In early January, it was an-
nounced that Singapore and Ma-
laysia will discuss cross-border
CCS and work towards a legally
bindi They will also

g 4!

Envi and Transport Amy
Khor, visited the Northern Lights
project’s receiving terminal in Oy-
garden in western Norway.

The Northern Lights team, local
consortium and government repre-
sentatives have had multiple en-
gagements centred on the techni-
cal risks and complexities of CCS,
transboundary agreements and the
commerciality of the solution, said
Ms Zharin.

CCS is highly expensive because
it is a nascent technology, and the
cost for each project varies de-
pending on the type of capture
method, mode of transport and
storage location.

A project like Northern Lights
costs about USS!1 billion (S$1.37 bil-
lion) or US$2 billion, added Ms
Zharin. “So it’s a very strong pub-
lic-private partnership where the
Norwegian government takes the
lead, where the funding of about
80 per cent of the capital expendi-
ture was supported.”

The Northern Pathfinder is cur-
rently en route to Norway, with the
trip expected to take more than 40
days. After joining its sister ship in
Norway, it will undergo testing.

One ship will be in Oygarden and
the other in Brevik, where the first
operational customer, building ma-
terials giant Heidelberg Materials,
is located.

The first phase of the CCS pro-
ject, where 1.5 million tonnes of li-
quid CO2, equivalent to the emis-
sions of 750,000 cars in one year,
will be annually injected into an
undersea reservoir 2.6km under
the North Sea seabed, has been ful-
ly booked by customers.

They include Heidelberg, an am-
monia and fertiliser producer in
the Netherlands, and a Danish
energy company.

Northern Lights will transport
and store 400,000 tonnes of CO2
from Heidelberg every year.

Operations are scheduled to start
in 2025.

Shabana Begum



Singapore: Circular Water
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S’pore tops global ranking in
provision of safe drinking water

Christie Chiu

Singapore leads the world in the
provision of safe and clean drink-
ing water in the latest ranking of
180 countries by Yale University.

The United States-based univer-
sity, inits 2024 Environmental Per-
formance Index (EPI), ranked
countries on their sanitation and
water standards based on the likely
health impact from exposure to
unsafe sanitation and unsafe
drinking water, particularly the
risk of bacterial contamination
leading to diarrhoeal diseases.

The report said: “Singapore not
only has universal access to safe
sanitation, but it is also a global
leader in the treatment and reuse
of wastewater. The Singaporean
Government has integrated waste-
water reuse into its socioeconomic
development and water security.”

For the ranking, the health risks
associated with each country’s wa-
ter and sanitation were given a
score based on a formula that cal-
culates the loss of one year of full
health, which the World Health Or-
ganisation calls disability-adjusted
life years, adjusted for age.

A score 0f 100 means the country
has among the lowest loss of health
in the world, while a score of zero
indicates the highest loss of health.

Singapore scored 99.9 in the EPI
report, edging out Italy (98.2), the
UK (98.2), Switzerland (98.0) and
Germany (97.9). At the bottom end
were mainly African countries like
Madagascar (12.9), Niger (12.2), Le-
sotho (9.4), the Central African Re-
public (8.9) and Chad (4.3).

Clean drinking water refers to
the accessibility, availability and
quality of the water used by a given
family for daily health and house-
hold needs, the report said.

“An adequate water source must
be easily accessible and unlikely to
be contaminated, particularly by
faecal matter,” it added.

Examples of adequate water
sources include household water
connections, public standpipes,

===
Yale's 2024
Environmental
Performance Index
TOP 10
Country Rank  Score
Singapore 1 99.9
Italy 2 98.2
United Kingdom 2 982
Switzerland 4 98
Germany 5 979
Norway 6 976
Montenegro 7 975
Sweden 8 97
United States 9 964
Finland 10 952

Source: 2024 ENVIRONMENTAL
PERFORMANCE INDEX
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boreholes, protected dug wells,
protected springs and rainwater
collection, it said.

The EPI said exposure to unsafe
drinking water in a household is
based on its primary water source
and its treatment of drinking water
to improve its quality before con-
sumption, which includes boiling
or filtering water.

Exposure to unsafe sanitation is
determined by the type of toilet
used by households. This ranges
from “unimproved” facilities, such
as open defecation, to “improved”
ones like composting toilets, to
flush toilets.

Apart from sanitation and water,
the EPI also ranks each country’s
performance on 10 other environ-
mental issues on their progress to-
wards mitigating climate change,
improving environmental health
and protecting the vitality of its
ecosystem.

Singapore ranked 44th in the
overall report. It scored poorly -
coming in at 129th - for marine
habitat conservation, and was 96th
in climate change mitigation, and

ENSURING WATER SECURITY

Singapore not only has
universal access to safe
sanitation, but it is also a
global leader in the
treatment and reuse of
wastewater. The
Singaporean Government
has integrated wastewater
reuse into its
socioeconomic
development and water
security.

pD

YALE UNIVERSITY, in its
Environmental Performance Index
report.

65th in ecosystem vitality.

In the 2022 EPI report, Singa-
pore ranked 2Ist in sanitation and
drinking water.

Published once every two years,
the report used data from the
Global Burden of Disease Study,
published by the Seattle-based In-
stitute for Health Metrics and Eval-
uation, which compiled data from
204 countries on household water
sources and sanitation facilities
from 1990 to 2021

The EPI report said: “Singapore’s
national water agency PUB pio-
neered the automation of drinking
water monitoring and early warn-
ing systems. The country now ben-
efits from a robust monitoring sys-
tem to test drinking water for po-
tential chemical, microbiological
and radiological contaminants.

“Yet, despite the top quality of
their tap water, many Singapo-
reans boil tap water before drink-
ing, further removing potential
bacterial and chemical contamina-
tion.”

christiec@sph.com.sg



Recycling

a must for
new projects
using water
intensively

PUB to mandate recycling requirements
from 2024 amid rising consumption

i Cheryl Tan

i To help reduce water consumption
i in water-intensive industries, PUB
: will be mandating recycling re-
i quirements for new projects in

[

i these sectors from Jan 1, 2024.

These include projects in the wa-

i fer fabrication, electronics and
: biomedical industries, which ac-
¢ count for about 17 per cent of non-
i domestic water demand, Minister
i for Sustainability and the Environ-
i ment Grace Fu said on Thursday.

The national water agency said

i that with Singapore consuming

SIGNIFICANT REDUCTION

When completed, the DTSS :
will reduce by 50 per cent
the amount of land that
would otherwise have
been needed for used
water infrastructure,
(which is) significant for
land-scarce Singapore.

b

MINISTER FOR SUSTAINABILITY AND :
THE ENVIRONMENT GRACE FU, on

the Deep Tunnel Sewerage System -
a network of deep tunnels that form
a superhighway for Singapore's used :
water. ;

i about 440 million gallons of water

per day and total water demand ex-
pected to almost double by 2065,
recycling water can help compa-

: nies by reducing their water bills
i and contributing to their long-
: term competitiveness.

PUB added that a major source of

i water demand growth is expected
: to come from the non-domestic
i sector, where it is projected to in-
i crease from 55 per cent of total
i consumption currently to more
: than 60 per cent.

“There is also high potential for

: water recycling in these industries,

as their used water streams can be

i effectively recycled when segre-
: gated at source. In addition, some
: waste water streams from the elec-

tronics and biomedical plants are

¢ fairly clean, making it easier to re-

Sludge from the used water treatment process is converted to biogas in egg-shaped digesters at the Jurong Water Reclamation Plant. A major source of water demand
growth is expected to be the non-domestic sector, where it is projected to increase from 55 per cent of total consumption now to over 60 per cent. ST FILE PHOTO

cycle with minimal treatment re-
quired,” it said.

Therefore, wafer fabrication
plants involved in front-end semi-
conductor manufacturing, which
consume at least 60,000 cubic me-
ters of water annually, would have
to recycle at least 50 per cent of
their water consumption.

Likewise, electronic and bio-
medical plants which consume the
same volume of water annually
would be required to recycle their
specified waste streams.

With these measures in place,
PUB said, daily water savings could
reach nine million gallons - equiv-
alent to 15 Olympic-sized swim-
ming pools - from 2035 onwards.

The agency has consulted com-
panies from the affected industri-
es, and said that the companies
have found the new recycling re-
quirements to be achievable for
new projects.

The median water recycling rate
among existing wafer fabrication
plants stands at 43 per cent, PUB
noted.

Companies looking to imple-

ment these water recycling pro-
jects can apply for financial sup-
port from PUB’s Water Efficiency
Fund and the Industrial Water So-
lutions Demonstration Fund with-
in the next two years, until the end
of 2025.

PUB is also reviewing its funding
framework and looking into pro-
viding more incentives for compa-
nies to achieve a recycling rate be-
yond the mandated 50 per cent
level.

Details will be made available in
the next few months.

The Kranji Water Reclamation
Plant (WRP) and the Kranji Newa-
ter Factory will also be redeve-
loped, said Ms Fu.

This comes amid major upcom-
ing residential and industrial de-
velopments in the north, such as
Tengah New Town and Sungei Ka-
dut Eco-District, which will signif-
icantly increase the demand for
used water to be collected and
treated.

PUB will be using more ad-
vanced treatment technologies
that have better treatment and

land-use efficiencies, which also
have a smaller carbon footprint.

The new Kranji WRP will be con-
nected to the Deep Tunnel Sewer-
age System (DTSS) - a network of
deep tunnels that form a super-
highway for Singapore’s used water
- before reaching the water recla-
mation plants and the Newater fac-
tories.

The DTSS system would then
have three nodes for water recla-
mation - the Kranji WRP in the
north, the Changi WRP in the east
and the Tuas WRP in the west. All
three WRPs will be co-located with
Newater factories.

“When completed, the DTSS will
reduce by 50 per cent the amount
of land that would otherwise have
been needed for used water infras-
tructure, (which is) significant for
land-scarce Singapore,” said Ms Fu.

“We are making good progress
on DTSS Phase 2 and expect tun-
nelling works to be completed by
the second half of this year. This
will connect the existing Changi
WRP and the upcoming Tuas WRP
in the west,” she added.

The Tuas WRP will be completed
by 2026, alongside the new Tuas
Newater Factory, and the Kranji
WRP and Newater Factory in the
north will be the newest addition,
with preliminary design to com-
mence in 2023, said Ms Fu.

PUB said that to reduce domestic
water consumption, Singapore had
in 2018 set a target of 130 litres per
capita per day (LPCD) by 2030 but
the Covid-19 pandemic had in-
creased consumption significantly,
from 41 LPCD in 201 to 154 LPCD
in 2020 and 158 LPCD in 2021

With the resumption of business
activities and relaxation of safe
management measures in April
2022, PUB said that household wa-
ter consumption has decreased
and reached 149 LPCD as at De-
cember 2022.

“PUB will continue to work to-
wards the 130 LPCD target by 2030
and drive behavioural change
among households to ensure a sus-
tainable and resilient water supply
for the future,” said the agency.

tansuwen@sph.com.sg

@ The Straits
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Road to 2030: Cutting carbon emissions

Singapore is banking on carbon capture technologies,
energy-efficient equipment and the import of green
electricity to meet its 2030 climate change targets. The
Straits Times highlights some of the strategies laid out in
a recent climate report submitted to the UN.

kilo tonnes

Singapore’s
greenhouse gas
emissions in 2022

Emissions to be
reduced by 2030,
according to the report

Solutions

Industrial energy efficiency
and other measures

Carbon capture,
utilisation and storage

Low-carbon
electricity import

Transitioning to
electric vehicles

Greening
buildings

Expanding
public transport

Energy-efficient
household appliances

Increasing national
recycling rate

Source: SINGAPORE'S FIRST BIENNIAL TRANSPARENCY REPORT 2024 STRAITS TIMES GRAPHICS

58,590

Emissions reduction target
(in kilo tonnes of CO2 eq?*)

900

850

840

500 to 520

50

2,240 to 3,360

Up to 2,500

2,340

NOTE: *Carbon dioxide
equivalent is a term used
as a measurement of
total greenhouse gases.

Singapore
sets out
plans to

meet 2030
climate

targets

Energy efliciency, carbon capture, clean
energy among key moves to cut emissions

Shabana Begum

For the first time, Singapore has
publicly set out how it plans to cut
emissions 1o meet its 2030 climate
targets, with energy efficiency,
carbon capture technology and
clean energy imports expected to
be among the most effective mea-
sures.

The various efforts to cut emis-
sions, called mitigati

first to pur a figure on the estimat-
ed amount of emissions that cach
measure could help reduce.

The report mentioned more than
10 mitigation measures, which in-
clude initiatives like electrifying
vehicle fleets and greening build-
ings.

OF the various measures, three
stoodd out for having the highest

In 2022,

sectors.

gas
expects its pl

2028, before going down to about
60,000 kilo tonnes in 2030,

The mitigation measures high
lighted in the report can help Sin-
gapore to reduce its emissions by
nearly 12,000 kilo tonnes by 2030.
This is about 20 per cent of the is
land-state’s total emissions in
2022,

Of the 12,000 kilo tonnes of
emissions reductions, enery;
ciency initiatives could contribute
up to 30 per cent.

The report estimated that such
initiatives, including getting emis-

to reduce Singapore’s gr(-renhouw
gas emissions, by 2030.

were detailed in a report the Repu-
blic submitted to the United Na
tions in November 2024. The bien-
nial transparency report details a
country’s greenhouse gas invento-
ry and progress made in reaching
climate targets.

While the Republic has through
its Singapore Green Plan 2030 - a
sustainability road map - high-
lighted some of its plans to cut
emissions, the latest report was the

They include energy-efficiency
initiatives for industrics, capturing
carbon and importing green elec-
tricity.

In 2022, Singapore’s greenhouse
gas emissions measured about
58,590 kilo tonnes. The top con-
tributors to the country’s cmis-
sions are the power, industrial and
transportation sectors.

Singapore expects its planet
warming emissions to peak in

E e data
centres or manufacturing plants to
use more energy-saving machines,
could reduce between 2,240 and
3,360 kilo tonnes of carbon diox:
ide equivalent (kt CO2 eq). CO2¢q
is a measure of total greenhouse
gases emitred.

Singapore has already been mov-
ing on this front. For example, min-
imum energy efficiency standards
were § duced for ind | fa

try. Chilled water coolers help to
keep buildings or industrial ma-
chines cool, preventing overheat
ing.

The use of carbon capture, util
isation and storage technology is
expected to contribute another 20
per cent or so to the total emissions
reductions.

The report estimated that such
technology, which sucks carbon
dioxide from polluting sources and
locks it away, can help to remove
up to 2,500 kt CO2 eq by 2030.

Natural gas, a fossil fuel, is ex-
pected to continue to power more
than 50 per cent of Singapore’s
energy needs by 2035,

The National Climate Change
Seerctariat, which is one of the
agencies that prepared the report,
told The Straits Times that Singa-
pore must work with other coun-
tries on carbon capture storage,
e it lacks suitable underground
s for this purpose.

The G has been work-

cilities in 2019 for chilled water
coolers, the highest clectricity
consuming system in the indus-

ing with an industrial consortium
to evaluate the technical and eco.
nomic feasibility of cross-border

N Anvvine AR n ~limnana Tnba Babrsvn AP AnvihAa

about 58,590 kilo tonnes. The top contributors to the country’s emissions are the power, industrial and
to peak in 2028, before going down to about 60,000 kilo tonnes in 2030, ST FILL PHOTO

carbon capture projects.

The consortium plans to develop
a carbon capture and storage pro
ject that can permanently store
2,500 kilo tonnes of carbon a year
hy 2030, either in rock formations
deep underground or under the
seabed

Among the countries Singapore
is looking to collaborate with to
lock up carbon or share best prac-
tices on the technology are Indo-
nesia, Malaysia and Japan.

ie ol

to import 5.6 gigawatts of low-car
bon electricity by 2035. Commer-
cial operations under some of
these import contracts could begin
from 2028.

Mr Ho Hiang Kwee, an adjunct
senior research fellow at the NUS
Energy Studies Institute, said the
report marks the first time that
Singapore has detailed specific
measures and their emi: 5 re-
duction targets to meet its 2030
goals.

Many ies have set climate

Importing y
could be another significant con-
tributor to Singapore’s emissions
reductions, making up about 20
per cent of the expected total emis
sions reductions by 2030. The re-

targets = particularly  net-zero
goals by the mid-century or so -
but they often lack concrete path-
ways on how to get there.

While there are many ways for

port had esti d its abatement
potential to be about 2,340 kt CO2
eq.
Singapore had earlier announced
to import low-carbon elec-
from its neighbours, with
such imports expected to make up
arcund a third of the Republic’s
energy needs by 2035.

igapore has inked deals with
Indonesia, Cambaodia and Vietnam

to cut their to
meet their climate change goals
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Road to 2030: Cutting carbon emissions

Singapore is banking on carbon capture technologies,
energy-efficient equipment and the import of green
electricity to meet its 2030 climate change targets. The
Straits Times highlights some of the strategies laid out in
a recent climate report submitted to the UN,

kilo tonnes

Singapores
emissions in 2022

Emissions to be
reduced by 2030 - 11990
according to the report

| target
(in kilo tonnes of CO2 eq’)

Incustrial anergy efficiency
and other measures

Carbon capture,
UtIEAtoN AN S1OrAGE

Low-carbon
electricity import

Transtioning 10
eleclric vehicles

Greenng
buildings
Expanding
public transport

Enegy-efficent
household applances

Increasing naticnal
recycling rate | 50

Source: SINGAPORE'S FIRST BIENN AL TRANS?

enable it to import renewable-gen-
erated electricity from its neigh-

rs.

However, Mr Ho noted that given
Singapore’s longer-term aspira-
tions to reach net-zero emissions
by 2050, the 2030 targets are not

under the 2016 Paris

For exam

each nation will have to tailor its
own toolbox.

For example, while some coun-
tries are able to deploy more re
newable energy within their bor
ders, space-constrained Singapore
is unable to do so. This is why the
Republic is ramping up efforts to

. .
NAarbr a1 AT A

ple, he noted that while industrial
energy cfficiency appears to have
the largest emissions-cutting po-
tential in the report, the abatement
target of up to 3,360 kilo tonnes is
still less than 10 per cent of the
roughly 38,000 kilo tonnes emit-
ted by the sector in 2022.

Mr Ho said that Singapore, as a
small, resource-constrained island
state, faces many challenges in re
ducing its emi as the nation

2,240 to 3,360
Up t0 2500
2340
900
850
840
500 10 520
NOTE. Carson dowde
cquivalent & @ term used
3¢ 3 messursrent
0tal graschoute gises
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will need effective international
cooperation and mature decarbo-
nisation technologies to do so.

Headded that there isalso anced
to accept that the costs of reducing
emissions may be quite high, espe
cially in the early years of installing
new and complex solutions like
electricity imports and carbon
capture. Setting more ambitious
climate targets hinges on scaling
up decarbonisation rechnologies,
among other factors.

By February 2025 countries
have to submit new and more am
bitious climate pledges to the UN,
with those emission-reducing tar
gets to be met by 2035,

\comsg



Cooling HDB towns and making them more sustainable
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A A worker using cool paint, which can reduce surface heat
absorption and emission, to paint the external walls of
Block 848 Tampines Street 82 on Feb 3.

. ) _
Cool coatings
* Additives in heat-reflective ¢ Less heat from the sun is . ' I I | . .
paint cause less heat to be emitted from the surface _— 1 .
absorbed by block's facade « Initiative to be rolled out to all = m
HDB estates by 2030 .

Smart electrical sub-meters ¢

= Track energy consumption * Enable comparison of energy
patterns and the performance of usage across various HDB blocks
common services in each block

* Optimise town councils’' maintenance *© To be installed in the consumer
cycles of common services and switch rooms of HDB blocks from
detect anomalies such as equipment  the second quarter of 2025
faults to minimise downtime

Beverage container return points

* More than 1,000 to be deployed islandwide,
including at HDB-owned and town council spaces

— 'n
(J] r.
HDB-managed complexes

 To be upgraded by 2030 to reduce their
carbon footprint

» Solar panels to be installed on the rooftops

* More energy-efficient and water-efficient
fittings

* Machines to turn food waste into compost

Source: HOUSING BOARD
ST PHOTOS: LIM YAOHUI, CHONG JUN LIANG, KUA CHEE SIONG

Heat-reflective cool paint reduces the
ambient temperature by up to 2 deg C!

RSB0 //www. straitstimes.com/singapore/housing/heat-reflective-paint-initiative-to-be-rolled-out-to-all-hdb-estates-by-2030



In total, the
Government
expects to
commit more
than $10 billion
in fiscal
spending for
projects like the
management of
climate-related
risks in the
decade up to
financial year
2030, under the
Singapore Green
Plan. ST PHOTO:
BRIAN TEQ

Friday,

January 24,2025

Govt to continue green budgeting approach
and set aside funds for climate adaptation

Sue-Ann Tan
Business Correspondent

The Government will continue to
take a green budgeting approach
and ensure that it sets aside financ-
es for climate mitigation and adap-
tation, said the Ministry of Finance
(MOF) on Jan 23.

In total, it expects to commit over
$10 billion in fiscal spending for
projects such as the management
of climate-related risks in the dec-
ade up to financial year 2030, un-
der the Singapore Green Plan.

MOF detailed its plans to ensure
that funds are set aside to secure a
resilient future for Singapore, in a
paper that outlined the Govern-

ment’s green budgeting approach.

“Green budgeting takes into ac-
count sustainability considerations
in the management of our public fi-
nances and supports our commit-
ment to climate action,” MOF said.

Minister in the Prime Minister's
Office and Second Minister for Fi-
nance Indranee Rajah said: “The
Government has been adopting
green budgeting practices to syste-
matically incorporate environmen-
tal sustainability consi ions in
our financial policies while making
sure that we are prudent and effec-
tive in our spending.

“We are putting resources behind
our ambitious plans and ensuring
our decisions continue to drive our
efforts towards net zero.”

Singapore has committed to

achieve net-zero emissions by
2050. Initiatives that tap the green
budget include Tuas Nexus, which
is expected to be the world’s first
fully energy self-sufficient green-
field facility that integrates water
treatment and solid waste manage-
ment. The facility is estimated to
cost about $6 billion.

The building of more cycling
paths is also expected to cost about
$1 billion, MOF said in its paper.

The ministry estimates that it
has spent more than $2 billion on
green initiatives in the 2021 to 2024
financial years.

To fund long-term green expen-
diture beyond 2030, the Govern-
ment has also introduced measures
such as a carbon tax to help fund
decarbonisation efforts and sup-

port the transition to a green econ-
omy, MOF added.

The Government can also bor-
row money through green bonds to
finance nationally  significant
green infrastructure projects. This
will help to spread the costs across
generations that will directly bene-
fit from these projects.

As at January 2025, the Govern-
ment has issued $9.2 billion of
green bonds to finance the expan-
sion of the electric MRT network,
MOF noted.

Money has also been set aside for
coastal protection measures to pro-
tect Singapore against rising sea
levels. These are estimated to cost
more than $100 billion over the
next 100 years, and MOF said it has
put an initial $5 billion into this

THE STRAITS TIMES

fund.

The ministry has also put $5 bil-
lion into a fund to invest in critical
infrastructure needed for energy
transition, such as undersea cables
to import low-carbon electricity
and new hydrogen terminals and
pipelines.

Regarding state investors, the
Government expects them to take
into account the impact of climate
change on their investments, said
MOF. It noted that GIC, the Mone-
tary Authority of Singapore and in-
vestment firm Temasek have inte-
grated sustainability considera-
tions into their investment process-
es, although the Government does
not direct their individual invest-
ment decisions or prescribe specif-
ic sustainability outcomes.

MOF said in its paper: “Climate
change has significant interactions
with public finances. Governments
around the world need to facilitate
the carbon transition and adapt
nimbly to the effects of climate
change, which require significant
investments and fiscal resources.

“At the same time, climate change

can cause severe disruptions to hu-
man and economic activities, but
also holds the promise of creating
new economic  opportunities.
These, in turn, affect public financ-
es”

It noted that governments face
the problem of balancing three
things: the pace of decarbonisa-
tion, the impact on economic com-
petitiveness, and ensuring fiscal
sustainability.

“There is a need to balance these
trade-offs while allocating finite
resources to competing priorities,”
MOF said, adding that this problem
is made worse by technological un-
certainty and the high costs of de-
carbonisation pathways.

Hence, it said, it is important,
now more than ever, for govern-
ments to incorporate sustainability
considerations in the management
of public finances. This ensures
that budgets are aligned with na-
tional climate and sustainability
strategies.

“Finance serves as a crucial lever
to support governments' climate
goals, and enable a whole-of-socie-
ty transformation to achieve opti-
mal sustainability outcomes. If
done well, climate mitigation and
adaptation can create economic
and social benefits,” MOF said.

On Jan 23, MOF also released its
refreshed Singapore Green Bond
Framework.

First published in 2022, the fra-
mework lays out the requirements
around sovereign green bonds is-
sued to finance green public sector
projects. It ensures that the public
sector upholds a high level of green
standards in line with best practic-
es in the industry.

“The addition of these science-
based and robust thresholds en-
sures that the projects financed by
public sector green bonds under
the framework will contribute sub-
stantially to Singapore’s climate
ambition,” MOF said.

The framework governs factors
such as what the proceeds from the
green bonds will be used for, what
sort of projects will be funded, how
the proceeds from the green bonds
are tracked, and how the whole
process is reported to investors.

The Singapore Government has
planned to issue up to $35 billion in
public sector green bonds by 2030
to support the growth of the sus-
tainable finance market here.

These issuances will also help to
attract green capital and investors,
and anchor Singapore as a green fi-
nance hub in Asia, MOF said.

suetan@sph.comsg
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Dialogue Session Information

In May 2024, the International Organization for Standardization (ISO), which is responsible
worldwide for setting technical standards, published new international standards under the
Technical Committee ISO/TC 323, aimed at ensuring transition to circular economy.

The three new ISO standards are Vocabulary, principles and guidance for implementation (ISO
59004), Guidance on the transition of business models and value networks (ISO 59010), and
Measuring and assessing circularity performance (1SO 59020).

Under the Singapore Standardisation Programme, the Working Group (WG) on Circular economy
would be adopting the three ISO standards as Singapore Standards. The draft standards would be
available for public comments from 1 Nov 2024 to 2 Jan 2025. Click here to view.

This dialogue session aimed at gathering feedbacks from industry on the standards as well as
clarity on its use.

1.00pm - 1.30pm Registration

1:30pm - 1:50pm Introduction to Technical Committee for Circularity of Materials
and overview of ISO/TC 323

Mr Dalson Chung
Chair, TC for Circularity of Materials
Co-Convenor, WG on Circular Economy

1:50pm — 2.30pm Sharing of ISO 59004:2024 Circular economy - Vocabulary,
principles and guidance for implementation

Prof Adrian Kuah
Member, WG on Circular Economy

2:30pm - 3:00pm Sharing of ISO 59010:2024 Circular economy - Guidance on the
transition of business models and value networks

Ms Cui Mengmeng
Member, WG on Circular Economy

3:00pm - 3:20pm Sharing of ISO 59020:2024 Circular economy — Measuring and
assessing circularity performance

Prof Seeram Ramakrishna
Member, WG on Circular Economy

3:20pm - 4:00pm Feedback and queries on ISO 59004, ISO 59010 and ISO 59020

Moderator: Mr Dalson Chung
Panelists: Prof Adrian Kuah, Ms Cui Mengmeng, Prof Seeram

4:00pm - 4:30pm Refreshments

&p Singapore
@ Standards eoepis, i
Council

ISO Circular Economy Standards

awareness session o=
(9 Oct 2024, 10 am - 11 am) 4 o’ o
Dialogue session on [ISO Circular AN .-

Economy Standards s e A %N

ISO 59004:2024 — Vocabulary, principles and guidance for
implementation

ISO 59010:2024 — Guidance on the transition of business
models and value networks

ISO 59020:2024 — Measuring and assessing circularity

performance
Date L DO e —————— e
Time : 1.30pm -! ]
Venue . Enterprise o ;
230 Victor
Singapore

Organised by:

SCIC Standard:!

SINGAPORE CHEMICAL Devek_) pn
wousTRYcowet | Organisat .

https://www.linkedin.com/posts/seeram-ramakrishna_iso-standards-circulareconomy-activity-7270017326467424256-2HMU?utm_source=share&utm_medium=member_desktop
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National Mirror Committee (NMC) QP Singapore o ~r | Standards

Swoaror: emca. | DE€VElopment

on ISO/TC 323 Circular Economy Council HFRRE" | Organisation

The NMC was formed in 2020 to participate actively in ISO/TC 323
standards development (ISO 59004, 1ISO 59010 and ISO 59020)

NMC Task:

« Consulting national stakeholders (such as manufacturers, users,
professionals and government officials) to formulate the national
viewpoint and voting on draft international standards

« Adoption of International Standards into Singapore Standards

* Promoting the national implementation of International Standards



ISO 59000 family of standards  isnde: s
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ISO 59004, Circular economy — Vocabulary, principles and guidance for implementation

A
d ISO 59010 IS0 59020 ISO 59040 1SO 59014 R
Circular economy — Circular economy — Circular economy — Environmental management
Guidance on the transition Measuring and Product circularity and circular economy —
of business models and assessing circularity data sheet Sustainability and traceability
value networks performance of the recovery of secondary
materials — Principles
and requirements

ISO/TR 59031, Circular economy — Performance-based approach — Analysis of case studies
ISO/TR 59032, Circular economy — Review of existing value networks

Extracted from Figure 1 of ISO 59004:2024. Copyrighted by 1SO.

IS0 59004 - Vocabulary,

1SO 59020 - Measuring and
assessing circularity
performance

IS0 59010 - Guidance on the
transition of business models
and value networks

principles and guidance
for implementation

Defines what the circular economy Provides business-oriented Provides a structured approach to
is, including its vision, principles guidance on how to transition measure and assess circularity
and general guidance including towards circular business models performance and sustainability
how it can be implemented and and circular value networks by impacts based on standard
contribute to sustainable setting goals, identifying circularity indicators and complementary
development aspects to be addressed and methods

taking actions

Interconnection between ISO 59004, 59010 and 59020

| | | 1

Extracted from Figure 2 of ISO 59004:2024. Copyrighted by 1SO.

Standards
Development
Organisation

43



&p Singapore oy | Standards

Terms related to resources Zounci " B | Qoyaictme

* virgin resource: natural resource or energy that is used as a resource for the first time as input in a
process or for creating a solution

Extracted from Clause 3.3.2 of ISO 59004:2024. Copyrighted by ISO.

* recovered resource: secondary resource that is obtained from one that has already been processed
or used

Extracted from Clause 3.3.5 of ISO 59004:2024. Copyrighted by ISO.

* non-recoverable resource: resource that cannot be recovered and used again after it has been
processed or used

Extracted from Clause 3.3.4 of ISO 59004:2024. Copyrighted by I1SO.

- cascading: repeated use of a resource usually starting at a level of high value with decreasing
quantity and quality at each subsequent stage or cycle, depending on the processes used

Extracted from Clause 3.3.15 of ISO 59004:2024. Copyrighted by I1SO.

« closed loop system: system by which products or resources are used and then recovered and turned
into new products or recovered resources, without losing their inherent properties

Extracted from Clause 3.5.15 of ISO 59004:2024. Copyrighted by I1SO.

© 2024 Professor Dr. Adrian Kuah 44
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* reuse: use a product or its component parts after their initial use, for the same purpose for which they
were originally designed
Extracted from Clause 3.5.17 of ISO 59004:2024. Copyrighted by 1SO.

» refurbish: recondition or restore an item, during its expected service life, to a useful condition for the
same purpose with at least similar quality and performance characteristics

Extracted from Clause 3.5.18 of ISO 59004:2024. Copyrighted by 1SO.

« remanufacture: return an item to a like-new condition from both a quality and performance
perspective using an industrial process

Extracted from Clause 3.5.20 of ISO 59004:2024. Copyrighted by I1SO.

* repurpose: adapt a product or its component parts for use in a different function than it was originally
intended for, without making major modifications to its physical, chemical or mechanical structure

Extracted from Clause 3.5.22 of ISO 59004:2024. Copyrighted by 1SO.

 circularity indicator: metric used to measure one or more circularity aspects

Extracted from Clause 3.6.6 of ISO 59004:2024. Copyrighted by I1SO.

© 2024 Professor Dr. Adrian Kuah 45



Enablers for Circular Economy
Transition

7. Digitalization

Organizations can use digital
technology to share information
along the value chain, enhance
product design and processes,
Improve recycling methods,
understand resource flows and
develop circular value creation
models

@

Singapore
Ingap CIC Standards

Stq ndgrds SINGAPORE CHEMICAL DeveI_Opmenf
Council INDUSTRY COUNCIL Orgar“sahon

Determining a strategy based on circular economy principles

e Systems thinking
e Value creation
e Value sharing

Resource stewardship
Resource traceability
Ecosystem resilience

A

Elements of the
business model

Value proposition

Key activities

Key business resources
Customer segment
Customer relationships
Channels

Costs

Revenue streams

Key partners

A

A

Circularity performance to
identify gaps and opportunities

Categories

¢ Resource (inflows/outflows)
Waste and emissions

Energy

Water

Economic and other
indicators

Refer to ISO 59020 for the measurement
of circularity performance

Actions and enablers under consideration

e Actions that contribute to circular economy (see 4.6)
« Technology (e.g. artificial intelligence (Al)
internet of things (I0T), blockchain)
» Social infrastructure (e.g. take back, collection, facilities)
» Financial support (e.g. sustainable finance, subsidies)
e Public initiative (e.g. regulations, reporting, rating)

© 2024 Professor Dr. Adrian Kuah



ISO 59000 family of standards
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z Standards
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ISO 59004, Circular economy — Vocabulary, principles and guidance for implementation
A A\
1SO 59010 IS0 59020 ISO 59040 ISO 59014
Circular economy — Circular economy — Circular economy — Environmental management
Guidance on the transition Measuring and Product circularity and circular economy —
of business models and assessing circularity data sheet Sustainability and traceability

value networks performance

of the recovery of secondary
materials — Principles
and requirements

ISO/TR 59031, Circular economy — Performance-based approach — Analysis of case studies
ISO/TR 59032, Circular economy — Review of existing value networks

Extracted from Figure 1 of ISO 59010:2024. Copyrighted by 1SO.

IS0 59004 - Vocabulary,

IS0 59010 - Guidance on the
transition of business models
and value networks

principles and guidance
for implementation

taking actions

1S0 59020 - Measuring and

Defines what the circular economy Provides business-oriented Provides a structured approach to
is, including its vision, principles guidance on how to transition measure and assess circularity
and general guidance including towards circular business models performance and sustainability
how it can be implemented and and circular value networks by impacts based on standard
contribute to sustainable setting goals, identifying circularity indicators and complementary
development aspects to be addressed and methods

assessing circularity
performance

Interconhnection between I1SO 59004, 59010 ard 59020

Extracted from Figure 2 of ISO 59010:2024. Copyrighted by 1SO.

Standards
Development
Organisation
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ISO 59010 overview

&P Singapore
Sta n dgrd s §G§O!EEEMICAL
COU nC | I INDUSTRY COUNCIL
° o o
Transition of business models and value networks
ISO 59010
Setting the goals and boundary -
o Analyze the current l
business models and = 5
value networks ... Determining a circular
economy strategy
@ ... through the circular |
economy principles and | = '
actions ... e
Transitioning the business Transitioning a value
© ... to transition to model of an organization network towards
circular business models. towards circularity circularity
I
'
Reviewing and monitoring for
continuous improvement
TN
ISO

Standards
Development
Organisation
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Value creation model (business model)

» Organization’s chosen system of interconnected and interdependent decisions and
activities that determines how it creates, delivers and captures value (3.16)

Extended producer responsibility (EPR)

« Environmental policy approach in which a producer’s responsibility for a product is
extended to the post-consumer stage of a product’s life cycle (1ISO 24161)

Life cycle perspective (life cycle thinking)

- Consideration of the circularity aspects relevant to a solution during its life cycle which
includes consideration of the relevant environmental, social and economic impacts (3.2.5)

Materiality

 Information related to circular economy that is essential for decision-making and can be
applied to identify issues that reflect an organization’s environmental and social impacts, as

%VA?%IO%S) information that supports interested party and strategic decision-making (ISO

Materiality assessment

« Method to identify and prioritize the issues most important to an organization and its
interested parties, and relevant to its circular economy strategy

49
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ISO 59020:2024 — Circular Economy —
Measuring and Assessing Circularity
Performance

Prof Seeram Ramakrishna
Member, WG on Circular Economy | Singapore Standardisation Program
Chairman of the Sustainability Cluster @ The Institution of Engineers Singapore (IES)
Professor @ National University of Singapore
seeram@nus.edu.sg
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ISO 59000 family of standards  isnde: s

1C

INGAPORE CHEMICAL

COU nC i I INDUSTRY COUNCIL

ISO 59004, Circular economy — Vocabulary, principles and guidance for implementation

T~ A

4 1SO 59010 IS0 59020 ISO 59040 ISO 59014 R
Circular economy — Circular economy — Circular economy — Environmental management
Guidance on the transition Measuring and Product circularity and circular economy —
of business models and assessing circularity data sheet Sustainability and traceability

value networks performance of the recovery of secondary
materials — Principles

and requirements

ISO/TR 59031, Circular economy — Performance-based approach — Analysis of case studies
ISO/TR 59032, Circular economy — Review of existing value networks

Extracted from Figure 1 of ISO 59020:2024. Copyrighted by 1SO.

IS0 59004 - Vocabulary,

1S0 59020 - Measuring and
assessing circularity
performance

IS0 59010 - Guidance on the
transition of business models
and value networks

principles and guidance
for implementation

Defines what the circular economy Provides business-oriented Provides a structured approach to
is, including its vision, principles guidance on how to transition measure and assess circularity
and general guidance including towards circular business models performance and sustainability
how it can be implemented and and circular value networks by impacts based on standard
contribute to sustainable setting goals, identifying circularity indicators and complementary
development aspects to be addressed and methods

taking actions

Interconnection between ISO 59004, 59010 and 59020

Extracted from Figure 2 of ISO 59020:2024. Copyrighted by 1SO.

Standards
Development
Organisation
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circular economy: economic system that uses a systemic approach to maintain a circular
flow of resources, by recovering, retaining or adding to their value, while contributing to
sustainable development

Extracted from Clause 3.1.1 of ISO 59020:2024. Copyrighted by 1SO.
circularity: degree of alignment with the principles for a circular economy

Extracted from Clause 3.1.3 of ISO 59020:2024. Copyrighted by ISO.

circularity aspect: element of an organization’s activities or solutions that interacts with the

circular economy
Extracted from Clause 3.1.4 of ISO 59020:2024. Copyrighted by ISO.

system boundary: boundary representing physical, process, temporal and geographical
limits of what is included and what is not included in an assessment

Extracted from Clause 3.2.1 of ISO 59020:2024. Copyrighted by 1SO.

system in focus: system that is defined by selected system boundaries and is the subject of
a circularity measurement and circularity assessment

Extracted from Clause 3.2.2 of ISO 59020:2024. Copyrighted by ISO.
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 circularity performance: degree to which a set of circularity aspects align with the objectives

and principles for a circular economy
Extracted from Clause 3.3.1 of ISO 59020:2024. Copyrighted by I1SO.

« circularity measurement: process to help determine the circularity performance through
collection, calculation or compilation of data or information

Extracted from Clause 3.3.2 of ISO 59020:2024. Copyrighted by ISO.

 circularity assessment: evaluation and interpretation of results and impacts from a

circularity measurement
Extracted from Clause 3.3.3 of ISO 59020:2024. Copyrighted by ISO.

 circularity indicator: metric used to measure one or more circularity aspects

Extracted from Clause 3.3.4 of ISO 59020:2024. Copyrighted by ISO.
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Framework for measuring and assessing circularity

Context of application
System to be measured, circular goals and actions,
system level, complementary methods

3. Circularity

1. Boundary e s St assessment

setting data acquisition repaol::iﬂg

2. Circularity

Extracted from Figure 3 of ISO 59020:2024. Copyrighted by 1SO.
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Circularity measurement and data acquisition process steps

Circularity measurement and data acquisition (Clause 7)

Choose circularity

& \
Boundary setting
(Clause 6)

- 4

indicators

[dentify
information to be
measured

H Acquire data

Revise selection if

o

data cannot be
L acquired

Can data
be acquired?

Yes

~

Calculate and/or

aggregate

Circularity
assessment
and reporting
(Clause 8)

J

Extracted from Figure 4 of ISO 59020:2024. Copyrighted by 1SO.

55



System in focus and its boundaries

Environmental system: Source and sink of resources

Social system: Allocation and use of resources by organizations and society

Wider economic system

Circular
resource
inflows

System in focus:

Subsystem of the economic system
subject to measurement and assessment

Features:

Primary
resource
inflows
(extraction)

’ + system level: regional, interorganizational,
organization, product/solution

« structure: subsystems, sub-regions, functional units,
processes, locations, value network, interested parties

« action(s): design, reduce, repair, refurbish,

remanufacture, recycle, regenerate, etc,

Resource flows recovered within the system in focus

Circular
resource
outflows

Resource
outflows
not recovered

Resource outflows
not recovered

Extracted from Figure 6 of ISO 59020:2024. Copyrighted by 1SO.

>



Circular goals and actions
of the organization

Circular goals, for example:
Increase repair of a product by X %
Increase plastic recycling in a gity by X %
Increase renewable content of inflow into
an organization by X %

Increase reuse of steel in

a yalue network by X %

Circularity aspects, for example:
Durability, recyclability,
reusability, repairability

Actions, for example:

Reduce, refuse, redesign, reuse,
repair/maintain, refurbish,
repurpose, remanufacture, recycle,
composting, valorization, energy recovery

e

Circularity measurement taxonomy

-

Resource flow measurements

Resource inflows and outflows crossing
boundaries of the system in focus
(including releases and losses)

Circularity indicator categories
resource inflows, resource outflows,
energy, water, economic
Circularity indicators
e.g. average reused content of an inflow,

% actual recycled material derived from outflow

{

Formulae, calculations, aggregation

B

ISO 59010 & ISO 59014
Circular goals and actions

{

ISO 59020 principles of measuring and assessing
circularity (ensure relevant boundaries and

ensure a meaningful outcome)

1

Measuring and assessing
sustainability impacts

Social impact and value
(e.g. human rights, health and
safety of labour, consumers and
citizens, social value, well-being)

Environmental impact and value

(e.g, carbon footprint,
hazardous substances, pollution of
ecosystems, biodiversity)

Economic impact and value
(e.g. creation or reduction of jobs,
market prices, law, regulations, investment
and tax systems, life cycle costing)

—— o -

[ |

i
!
!
I
!
i
!
I
I
l
l
|
—

Complementary methods

(e.g. other International Standards)

ISO 59004 circular economy principles (e.g. systems thinking, resource traceability, ecosystem resilience)
and circular objectives (maintain a circular flow of resources by retaining, recovering and adding to their value)

Extracted from Figure 7 of ISO 59020:2024. Copyrighted by 1SO.

Circularity measurement taxonomy and interactions
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Example 1:

Examples of circularity measurement at an organizational level

Value recovery

aninflow (X) (see A.2.3)

energy consumed that
is renewable energy
(see A.4.2)

Circular economy Indicator category
measurement Resource inflow Energy Water
Objective: Average recycled content of |Average per cent of

Ratio (on-site or internal)
water reuse or recirculation
(see A.5.4)

Example 2:

Actions Circular procurement Use of renewable energy Reuse
Extracted from Table 1 of ISO 59020:2024. Copyrighted by ISO.
Circular economy Indicator category
measurement Resource inflow Economic Resource outflow
Objective: Average reused content ofan [Resource intensity index (see

Retaining resource
value

inflow (X) (see A.2.2)

A6.3)

Per cent actual reused prod-
ucts and components derived
from outflow (X) (see A.3.3)

Actions

Reuse

Reduce

Design for circularity

Extracted from Table 2 of ISO 59020:2024. Copyrighted by ISO.
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Core circularity indicators

Indicator Mandatory/ Circularity indicator Summary description Additional
category optional (see Annex A for technical information
specifications)
Mandatory A.2.2 Average reused Fraction of input material resources |Retaining
content of an inflow (X) that are reused components and resource
products value
T Mandatory A.2.3 Average recycled Fraction of input material resources |Add
esource . P ;o
content of an inflow (X) thatis recycled material resource
Inflows )
value
Mandatory A.2.4 Average renewable Fraction of material resources Add
content of an inflow (X) inflow (X) that is sustainably pro- resource
duced renewable material value
Optional A.3.2 Average lifetime of Indicator of time that an output Retaining
product or material relative |resource (e.g. product) will remain  |resource
to industry average in use compared to an industry aver- |value
age for the resource
Mandatory A.3.3 Per cent actual reused |Fraction of outflow that is reused Retaining
products and components resource
derived from outflow (X) value
Resource
outflows Mandatory A.3.4 Per cent actual Fraction of outflow that becomes Recovering
recycled material recycled material resource
derived from outflow (X) value
Mandatory A.3.5 Per cent actual Fraction of outflow content thatis  |Recovers re-
recirculation of recirculated at end of life for safe source
outflow in the return to the biosphere and meets  |value
biological cycle the qualifying conditions for recir-
culation
Optional A.4.2 Average per cent of Fraction of net consumed energy Recovering
Energy energy consumed that is thaF qugliﬁcs as renewable energy, |resource
renewable energy taking into account both energy value

inflows and energy outflows

Extracted from Table 3 of ISO 59020:2024. Copyrighted by ISO.
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Core circularity indicators

Indicator | Mandatory/ Circularity indicator Summary description Additional
category optional (see Annex A for technical information
specifications)

Optional A.5.2 Per cent water Per cent of annual water demand Maintains a
withdrawal from that is derived from circular sources |circular flow of
inflow circular sources resources

Optional A.5.3 Per cent water Per cent (by volume) of total water |[Maintains a

W discharged in withdrawn that is discharged in ac- |circular flow of
ater accordance with cordance with circularity principles [resources
quality requirements

Optional A.5.4 Ratio (on-site or Reuse cycles of on-site water Maintains a
internal) water reuse or circular flow of
recirculation resources

Optional A.6.2 Material productivity [Ratio of revenue generated by total [Indicates

mass of all linear resource inflows  [resource
reduction
Economic

Optional A.6.3 Resource intensity Quantitative measure of economic |Indicates
index growth versus total resource use resource

reduction

Extracted from Table 3 of ISO 59020:2024. Copyrighted by ISO.
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Data acquisition process

Circularity
indicators
selected
(Clauses 6 & 7)
\_ v

Data acquisition steps (Clause 7)

A. Break down the
system in focus
into subsystems,
functions and
elements

C. Acquire data
from data sources

J

Y

D. Normalize data

B. Specify low-level
data to acquire

and apply rules/
cut-off values

(E. Check whether\

information is
complete and
quality of
information is
sufficient for the
intended
application, goal

\

\ and scope J

Extracted from Figure 8 of ISO 59020:2024. Copyrighted by 1SO.

(- )

Calculation of
indicators
(Annex A, B)

& J
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Boundaries, goal and scope,
circularity aspects (Clause 6)

Taxonomy, circularity indicators
(Clause 7, Annexes A, B & G)

Data quality review
(Clause 7)

Complementary methods of the
organization (Clause 6)

Steps for assessing circularity performance

1SO 59004 principles

T " 1
1. Review measurement results
- (including calculation and
aggregation of results)

h 4

Principles (Clause 4)

User and interested party needs,
requirements (Clause 6)

(social, environmental and economic)

A

3. Consult interested parties, users

Reporting, data documentation
and formatting (Clauses 7 & 8)

and target audience (on the results)

|

|

I

I

|

| : .
I > 2. Assessing value and impact
I

I

|

|

I

I

4. Document and report the circularity P

Annex C
Complementary methods

1SO 59014

performance assessment outcome

\ 4
Circularity
assessment report

Extracted from Figure 10 of ISO 59020:2024. Copyrighted by ISO.

1SO 59040 product circularity
data sheet (for product level)
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100% resource inflow formula

/ Circular content (by mass) of inflow (X) ) ( ) 4 \
e Average reused content of an inflow (X)
= components and products that already served a use Virgin
(see A.2.2) ’
e Average recycled content of an inflow (X) ED:I non- % 100 % of resource inflow
- includes materials originally from renewable and renewable
non-renewable sources before recycling (see A.2.3) content
e Average renewable content of an inflow (X)
-  see A.2.4 for specification /
. \ J - 4

Extracted from Figure A.1 of ISO 59020:2024. Copyrighted by ISO.



100% resource outflow formula

n’er cent (by mass) circular content of outflow (X) \
e Per cent actual reused products and components derived
from outflow (X)
=  components and products from outflow that are recovered
and reused (see A.3.3)
e Percent actual recycled material derived from outflow (X)
- includes recycled materials originally from renewable and
non-renewable sources (see A.3.4)
e Per cent actual recirculation of outflow (X) in the

biological cycle

= see A.3.5 for specification /

L

&

Per cent non-
circular outflow
(e.g. waste, releases,
losses, products and
resources that will
not be recovered)

o

4

100 % of
resource outflow

Extracted from Figure A.2 of ISO 59020:2024. Copyrighted by ISO.
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Beverage container manufacture system and boundaries

asz )|

Energy

As2 ||

[ Renewable (and

A24

I
Water J—P:

sustainable) |

B Y o

Recycled )
material (from
. other sources)

( Reused content |
(e.g.glass)

Virgin, non-
renewable

——

A.2.3

System in focus

,._____——————————————I > Energy(rccovery)] B.4.2
L—’( Water (return) ] A.5.3

Releases

| Scrap recycling |

1 A2.2

[ Reuse and recycle
(

deposit return schemes)

]

A.3.3

A3.4

Extracted from Figure H.1 of ISO 59020:2024. Copyrighted by ISO.

e.g. emissions to air,
discharges to water, landfill

[m

aterial derived
from outflow

A3.4

Recycled ]

N

Reused components

derived from outflow || A.3.3
(e.g. in road tar)

[

\ 4
Biological

return (e.g.

compost)

|

A.3.5
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Ten principles of material circular economy

Extended Durability

Human Health

?

Material Miles

?

Renewability Natural Habitat
Multifunctionality igh Environmental Benignity

?

Low Carbon Footprint &
Embodied Energy

?

Material Circularity

o

Reduced Material Footprint
Seeram Ramakrishna and Rajan Jose, Principles of Materials Circular Economy, Matter 5, 4097—4099, December 7, 2022, https://doi.org/10.1016/j.matt.2022.11.009
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Mr Lingesh
Sachuvanantham and Mr
Javen Koh, who founded
Kloss together, with their

dental floss picks made
from natural materials.
Users of their floss picks
can reduce plastic waste
by up to 95 per cent,
compared with
disposable picks with
plastic handles

and nylon floss, they said.
ST PHOTO: MARK CHEONG
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A worker
handling
photovoltaic
modules for solar
panels ata
factory in China's
Jiangsu province.
The neijuan
phenomenon is
particularly
pronounced in

n H )
sectors such as

\ e
solar panels and l\‘ W
cars, where man \\\\\
' y =
firms touting i i
similar products
are fighting for

limited consumer
dollars. This has
led them to slash
pricesina
downward spiral
in an attempt to
secure a share of
the market.
PHOTO: AFP
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An excavator loading copper ore onto a truck at a mine near Karaganda, central Kazakhstan, in March. The world’s transition to renewable energy, including electric cars,
requires huge amounts of copper in addition to nickel, lithium and other so-called critical minerals, and Kazakhstan has many of them.




Lab Mined
DIAMOND fy DIAMOND

Environmental impact

GROWN (for 1 carat) MINED (for 1 carat)

L ¥ ) 6 6060606060000
68 Liters k d 6660
Water consumption 481 Liters Water consumption

57 Kilos

CO?Emmissions

0.028 Grams
CO? Emmissions The same amount
s of CO? is generated

by burning 102
kilos of coal !

The Reminiscence Ring features 35.9 carats of lab-grown diamonds set
in recycled gold. PHOTO: UNSAID

0.000544 , 250
The Reminiscence Ring features 35.9 carats of lab-grown diamonds set inrecycled = 5577 Tons
gold. With 14 diamonds intricately connected to form a delicate cluster of spherical | WA=l @ Mineral
Waste Waste

shapes, each stone possesses its own unique angle and size. At the heart of this
extraordinary piece lies the largest stone that is about 10 carats.

This piece is priced between $25,000 and $1 million, depending on the size of the

diamonds.

https://www.greenworlddiamonds.ch/lab-diamonds/advantages-lab-diamonds/?lang=en
https:.//www.straitstimes.com/life/style/diamond-disrupters-more-taking-a-shine-to-lab-grown-options-and-coloured-stones? _gl=1*69ygad* gcl_au*MTUOOTkzNjM1NS4xNzIOMjQOOTU2



Circular Economy Business Models are the Way Forward
(UNEP Report 2024)

Economic Growth
Human Health
Resources Resiliency Planet Health

Co-opting Hearts |

. : :
Minds Sustaining Life on Earth!

Circular

https://www.istockphoto.com/photos/tree-two-branches



Facilitating circular economy | sustainability
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Ramasubramanian et al., Ten major challenges for sustainable lithium-ion batteries, Cell Reports Physical 5cience (2024),



climate change

Partnerships and regional collaborations: Integrating
climate finance with the technology mechanism for

Symsiosis OF CLIMATE FINANCE AND TECHNOLOGICAL
InNovATIONS To FosTER THE ENERGY TRANSITION

Abstract

As climate change intensifies, it becomes increasingly critical to address itsimpacts
through cllmate finance and technological innovation. This article delves into the

hip bety limate finance and digital technologies, focusing
on their role in the decarbomzatlon of the energy sector. By examining the case
of Singapore, a nation facing unique constraints, we elucidate the significance
of innovations in climate finance and digital technologies in increasing cleaner
energy generation, greener technologies, and interconnection infrastructure. We
further elaborate the discussion to other countries. Despite a promising future,

integrating climate finance with technology mechanisms encounters formidabl
challenges, including the need for clearer incentives, inadequate pace and scale
of investments, shortage of quality skilled h capital, considerations of eco-

logical impacts, and alignment with short-term investor perspectives.To surmount
these hurdles, concerted efforts from both public and private sectors are crucial
to facilitate climate finance in steering the transition towards a sustainable and

decarbonized energy future.

Introduction

n recent decades, climate change has

become a pressing global concern,
driven by natural processes and human
activities. This has led to unprecedented
ecological shifts, including but not limited
to extreme weather events, wildfires, bio-
diversity loss, disruptions to the Earth’s
life support systems, and rising sea levels
(Portner et al., 2022; Clarke, Otto, Stuart-
Smith, & Harrington, 2022). To date, the
Paris Agreement has been ratified by 193
nations, and 194 Parties have submitted
their Nationally Determined Contribu-
tions (NDCs). With the inclusion of these
newly revised NDCs, the combined
effect of current and announced net zero

20 TECH MONITOR pJyly-

commitments is anticipated to lead to a
further reduction in emissions by 2030.
This has the potential to cap global warm-
ing at 2.1°C, preventing a more severe in-
crease beyond 2.8°C, as outlined in the
initial NDCs (IRENA, 2022). In the ASEAN
region, although the member states have
established their NDCs for Greenhouse
Gas (GHG) emission reduction (Figure
1), there is a substantial gap in achieving
net zero emissions for the power sector
as the share of low-carbon technologies
is less than 25% (Handayani et al,, 2022).
Several ASEAN member countries have set
renewable energy targets and are taking
steps to increase the share of renewable
energy in their respective energy mixes.
This includes investments in solar, wind,

and hydroelectric projects. However, the
pace and extent of this transition can vary
from country to country due to factors like
policy frameworks, available resources,
and infrastructure.

While there is a pressing necessity to
address climate issues, many decisions
around climate actions are still driven by
financial considerations (Giglio, Kelly, &
Stroebel, 2021). For instance, the pricing
of risk mitigation measures, the attitudes
of investors towards transitions, and gov-
ernment decisions for taxation plans.
Climate actions need to be supported
by funding mechanisms such as invest-
ments, subsidies, and loans, collectively
known as climate finance. The Global
Commission on Adaptation has presented
that an investment amount of $1.8 trillion
would provide $7.1 trillion in benefits, in
return (Global Commission on Adapta-
tion, 2019). Nonetheless, existing studies
have presented that there is a significant
financial shortfall to execute the transi-
tion plans and develop green technolo-
gies (Bhandary, Gallagher, & Zhang, 2021).
Indonesia’s struggle to secure funding for
coal retirement (Sudarshan Varadhan,
2023) is one of the many examples that
mirrors the broader challenge of financ-
ing sustainable transitions. With Western
nations bogged down with their own eco-
nomic issues, thus showing reluctance,
concerted efforts are required to garner
support for this crucial shift. Bridging this
gap necessitates concerted efforts from
governments and public endorsement.
A recent study by the National Bureau
of Economic Research has shown that
providing the public with information
regarding the mechanics of climate poli-
cies and the allocation of climate finance
results in increased public support, par-
ticularly for measures with initially low
levels of support, such as carbon taxes.
Therefore, it is important to understand
how climate finance can be applied to
facilitate technological innovation and
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Partnerships and regional collaborations: Integrating climate
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