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_ Sustainability Circular Economy

Definition

Drivers

Indicator

Sustainability is about meeting the needs of the
present without compromising the ability of future

generations to meet their own needs.

In 2015, 193 nations have adopted the 17 Sustainable
Development Goals (SDGs), which is known as the

Paris Agreement.

The SDGs embrace social progress, economic growth

and ecological protection.

169 targets of 17 SDGs

An economic system that uses a systemic approach to
maintain a circular flow of resources, by regenerating,
retaining or adding to their value, while contributing

to sustainable development (ISO 59020)

Need to mitigate the depletion of resources and
biodiversity loss; to eliminate or reduce pollution and
ecological impact; and to avoid social costs and
human health effects. Circular economy is a closed-
loop economic system that targets zero waste and

pollution throughout material | product life cycle.

Circularity performance (degree of alignment with the

principles for a circular economy)



SDG12 (Circular Economy) affects other SDGs
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Sustainable Energy Storage in the Scope of Circular Economy: Advanced Materials and Device Design (2023) Editors Carlos Miguel Costa, Renato Goncalves, Senentxu Lanceros-Mendez, 400 Pages, ISBN: 978-1-119-81768-0

https://sdgs.un.org/goals/goall2
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7
https://ellenmacarthurfoundation.org/articles/unlocking-the-value-of-the-circular-economy




Drivers

D)

Mitigation Measures Outcomes | Benefits

4

» Pollution

L)

» Energy efficiency % Per capita emissions reduction

*e

*%

Solid waste accumulation

»* Renewable energy % Per capita materials reduction

*e

*%

Extreme weathers

* Materials efficiency % Per capita resources reduction

*e

*%

Forest fires

S

*%

% Resources efficiency % Per capita waste reduction

Tsunamis

S

*%

Desertification »* Decarbonization of economy

% Per capita pollution reduction

e

*%

Deglaciation

Decarbonization of society * Human health | well-being

e

%

Rising sea level

» Circular economy % Reduced conflicts | wars

WS

*%

Ocean acidification

»* Materials circular economy % Restored biodiversity

<

\/
*

Biodiversity loss

L)

%* Restoration of the nature

WS

*

Human health effects % Food security

/
’0

L)

%* Disuse of hazardous chemicals %* Life sustenance on Earth

Unbalancing of Nature's
circularity (carbon cycle,

s* Nature & human centrism
water cycle, etc.)
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Singapore Green Plan 2030 (https://www.greenplan.gov.sg)

Singapore Green Plan 2030 |
Zero Waste Masterplan are
aimed to a) reduce the amount
of waste sent to the landfill each
day by 30% by 2030, and b)
develop a circular economy. This
will complement Singapore’s

climate actions.

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

Consumers
3%
)

Incinerable Waste
8,356 t/d

41%

Recyclable Waste
11,265 t/d

56%

Total Recycled Waste
11,475 t/d

57%

Ash
1,580 t/d

Metals Recovered
210t/d

_4 —
1%
Waste-to-Energy

Producers

Electricity
3,341 MWh/d

In 2022, Singapore generated 20,000 tons
of waste per day - 57% Recycled and 41%
Turned into Energy




Resource Sustainability Act (RSA) was enacted in 2019 to give
legislative effect to the regulatory measures targeting the three priority solid
waste streams of e-waste, food waste and packaging waste, including

plastics.
Extended Producer Responsibility (EPR) framework:

producers of regulated electrical and electronic products
REPUBLIC OF SINGAPORE i 5
COVERA T G AP TE are made respons!ble for the collection and proper
ACTS SUPPLEMENT treatment of their e-waste. These producers are
companies that manufacture or import regulated
0,36 FRIDAY. OCTOBER 4 o019 products for supply on the local market. All e-waste
The following Act was passed by Parliament on 4 September 2019 and assented to by the President on 23 CO”eCted WI” have to be Channe”ed to Ilcensed e_WaSte
September 2019:— recyclers for proper treatment.
FROTREE IR IRTAR AcT P ALBA Group plc & Co. KG. ALBA are licenced to operate
(No. 29 0f 2019) O ofo .
a Producer Responsibility Scheme (PRS) and responsible

for the e-waste collection targets set by NEA.

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

Treasure raw materials.

Singapore E-Waste PRS Overview
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ALBA © PRS OVERVIEW
PRODUCERS SELL TO CONSUMERS
EEs i’
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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. Al, Mg, Ba, Ni,

Co, Mn

Not collected for
recycling

80%

o The refrigerator is sent to
EWR2, where it is dismantled.

€) Some parts, such as the motor, will
be taken to specialised machinery

e The refrigerator, now just a frame,
will be placed inside the large

U/update/urn:

o 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.

9 Anoven is then 0

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.

such as a compressor and a motor
cutter, where the copper coil is
extracted and then recycled.

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.

household appliance recycling
machine, where it is crushed into
small pieces.The debris is then
sorted into materials such as
plastic, foam and metals, which
are then sold off.

- Meanwhile, the
other materials
from the
refrigerator such
as plastic, foam
and glass will

g also be sold to
recyclers that
deal with these
materials.

Source: EWR2 PHOTOS: ADELINE TAN, CHIA TI YAN  STRAITS TIMES GRAPHICS

collected and recycled\ .

20%
Documented,

j:activity:7102445951499333632/; https://www.zaobao.com.sg/news/singapore/story20230829-1428463?gift=eb7058ed-79cd-4b85-9d25-996c6bbbcc8b



https://www.linkedin.com/feed/update/urn:li:activity:7102445951499333632/

EPR for Food Waste from 2024 onwards: generators of large amounts of food waste are
required to segregate their food waste and manage waste via on-site closed-loop food waste
treatment systems, or send their food waste to an off-site facility for treatment. These new
requirements will help ensure that food waste from being incinerated, is converted into products
such as animal feed, compost/fertiliser, non-potable water or biogas for energy generation.

Higher circularity of food system is the emerging future.

EPR for packaging waste and plastics by 2025: Producers of packaged products, such as
brand owners, manufacturers and importers, as well as supermarkets are submitting packaging
data and 3R (Reduce, Reuse, Recycle) plans to NEA. Further, they are required to submit details of

key initiatives, key performance indicators (KPIs) and targets.



BCRS Scheme

Singapore aims to roll

out the beverage

container return scheme

(BCRS) to encourage

people to recycle drink

containers such as

plastic  bottles and

aluminum cans.

Canned, bottled drinks
may cost 10 to 20 cents
more In recycling scheme

Gena Soh

By mid-2024, consumers seeking
to quench their thirst from a
canned or bottled drink will likely
have to fork out 10 cents to 20
cents more.

However, this extra cost can be
redeemed if consumers return
their empty bottles and cans forre-
cycling at any of the beverage con-
tainer return points islandwide.

These return points can take the
form of “reverse” vending ma-
chines, into which bottles and
cans can be deposited to get
money in return, or manned coun-
ters. There will be more than 400
such points on the island, up from
the 50 reverse vending machines
currently.

The new beverage container re-
turn scheme proposed by the Na-
tional Environment Agency (NEA)
was announced on Tuesday.

Under the proposed scheme, a
small deposit of between 10 cents
and 20 cents will be added to the
price of all pre-packaged drinks in
plastic bottles and metal cans be-
tween 150mland 3 litres.

This deposit will be the same
across beverages of the same size.

Drinks will be labelled with a de-
posit mark and consumers can
claim a refund of the deposit

when they return their empty
beverage containers to a desig-
nated point. This redemption will
likely be in the form of cash or digi-
tal transfer.

Return points will be setup atall
supermarkets that are larger than
200 sq m. Other possible return lo-
cations include convenience
stores and community centres.

The proposed scheme comes af-
ter extensive public engagement
and aims to increase the recycling
rate of beverage containers in Sin-
gapore to 80 per cent.

This is NEA’s latest idea to nudge
people towards recycling, as only
6 per cent of all plastic waste was
recycledin Singapore in 2021

Many nations which have imple-
mented such a scheme have been
able toraise their recycling rates of
beverage containers substantially.
Forexample, in Germany, therecy-
cling rate of beverage containers
stands at 98 per cent.

Under the scheme, drink produc-
ers and retailers will be charged a
fee by a non-profit administrator
of the scheme for each drink manu-
factured or imported.

When consumers return the con-
tainers, the administrator will ag-
gregate them and sell them to
waste companies.

The revenue from this sale will be
used to reimburse producers and re-
tailers for the extra costs incurred.

Hence, the total amount reim-
bursed to the drink producers will
depend on how effective they have
been in encouraging their cus-
tomers to recycle the containers.

NEA said the beverage container
return scheme marks the first
phase of the Extended Producer
Responsibility system introduced
to vest producers with greater re-
sponsibility in ensuring their prod-
uctsarerecycled.

Such a scheme would promote
accountability and efficiency in
the industry and also minimise
costs torun the scheme, said NEA.

Senior Minister of State for Sus-
tainability and the Environment
Amy Khor told reporters on Tues-
day that she hoped the high vol-
ume of recyclables collected from
this scheme would incentivise
the setting up of domestic recy-
cling facilities.

She added that the sale of
high-quality recyclable material
itself would also help fund a sig-
nificant part of the scheme’s
implementation.

Ms Kathlyn Tan, a member of
the work group that suggested the
beverage container return initia-
tive to NEA, said: “My hope for the
scheme is that recycling rates will
increase; we become more con-
scious of our environmental foot-
print; and negative impacts on the
vulnerable will be minimised.”
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Encouraging consumers TO RECYCLE

A new beverage container return scheme was announced on Tuesday, where
consumers will be charged 10 to 20 cents more for each canned and bottled drink as
a deposit. Consumers will get the money back when they return the containers for
recycling. Reporter Gena Soh explains how the scheme works.

charged a fee by an administrator of
the scheme for each drink
manufactured or imported

This fee is passed on to consumers
via a 10- to 20-cent deposit added
to the price of the drink.

When consumers return the
containers for recycling at one of the
they get the deposit back.

The scheme administrator
collects these containers and
sells them to waste companies.

Part of the revenue from the sale is
used to fund the scheme's operating
costs. The remainder of the funds is

used to reimburse beverage producers
and retailers as an incentive to
encourage them to make recycling
easier for consumers.

An example of a reverse vending
machine that might be used in
the beverage return scheme.

,l Beverage producers and retailers are

PHOTO: ONG WEE JIN  STRAITS TIMES GRAPHICS

Associate Professor JiaLile of the  to cultivate long-term behavioural
psvchology department at the Na-  change towards recycling, he said.
tional University of Singapore, who Public feedback on the scheme
isalsoamember of thework group,  is being sought and can be given
said: “The deposit provides only from now until Oct 14 at
theseedofchange.” go.gov.sg/nea-bers

Consistent messaging and man-
agement of the scheme are needed  genasch@sph.com.sg v
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The Integrated Waste Management Facility
and Tuas WRP form the Tuas Nexus.
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Water-energy-waste
nexus allows food
waste and used water

Salvaging '
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. itravialet (V] Hkeation

UV light is used for

Shabana Begum and Lim Yong outline how the plant will treat used water. disinfe:tiun/ e
s sludge to be co-
TUAS WRP 2 Outfall "L
» Domestic sewage and industrial used water from .
Singapore’s western and downtown regions will .
flow to the plant through a 98km-long
o g digested to generate
= The plant can treat
650,000 cubic m of
domestic used water . .
sl usedater for Newatr U to three times
[ sirong @ industrial used water for Newater
Island | per day. « The treated effluent
Downtown is further purified to
Newater. Up to 85 per .
st more  biogas  than
water can be converted
THE PROCESS into Newater.
A look at the Secondary treatment in = Some of the treated
key processes membrane bioreactor used water from the
at the plant « Bacteria break down industrial stream will be

Primary

waste products in used
water, and this is followed
by a membrane where
remaining impurities are

recycled for internal
use in Tuas WRP

and excess will be
discharged into the sea.

conventional sludge

treatment processes
used water b * Industrial used water - .
g & LImArY which is high in chemical,
sedimentation tanks

.

 Industrial T ¥

Entering

separale the solids,

or sludge, from used
water by allowing them
to settle to the bottom.

salt and metal content -
takes more time to be
“cleaned up” in the
bioreactor.

# Tuas WRP will house

High-quality treated effluent
can be directly discharged

into the sea without needing
to build long deep-sea pipes,

The biogas generated

the plant The sludge will be :
used water the largest membrane which would have cost more
S fprmde T | et | ferenbesd ifandssmilon i oy
Qbﬁ%@* industgriai used water is * The tanks are lined land area, it will use W I O O S e e C r I C I y
~ pumped up to the plant for with inclined plates to 30 per cent less space
: i

BIOGAS FOR ELECTRICITY

the surface

» Debris and ;article'S,
including grit and grease,
are removed along the way.

area for sludge to
settle.

than conventional plants.

production. The Tuas

Biogas/Sludge
e Sludge is treated at a biosolids -
complex - which includes 40m-tall
digesters - to generate biogas.
« Pre-treated food waste at the National
Environment Agency's Integrated Waste
Management Facility (IWMF) next door

i with the sludge to

s yield.

= The biogas 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.

Nexus  facility is
expected to be
completed by 2027.

o s
Digester under construction at the
Tuas WRP work site.

SOURCE, PHOTOS AND ARTIST'S IMPRESSIONS: PUB
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Extended Durability

Human Health

?

Natural Habitat

?

igh Environmental Benignity

’

Low Carbon Footprint &
Embodied Energy

Material Miles

?

Renewability

?

Of Cl rcu |a r Multifunctionality

¢
ECO n O my Material Circularity

*

Ten principles

Reduced Material Footprint

i =
I Jlllolgn
z

17
ajan Jose, Principles of Materials Circular Economy, Matter 5, 4097—4099, December 7, 2022, https://doi.org/10.1016/j.matt.2022.11.009




Plastics & circularity

36% of plastics are
used in packaging,
and approx 85% of

we produce about
400 million tonnes

of plastic waste Global production

every year. of primary plastic is

forecasted to reach

1,700 million tonnes
by 2050.

single-use food
containers end up
in landfills.

*Source: Initiatives to Reduce Plastic Pollution | NYU SPS

{ Global Plastic Stats In numbers |

Globally 500 Million Plastic

8.3 bn-9 bn tones plastic .
bags are used every min .

waste produced globally
Annually, approximately 500

billion plastic bags are used
*Source: science advances worldwide.

Journal *Source: Harvard T.H Chain

Plastic use & Waste projection scenarios worldwide in 2060 by types

(in million metric tons)

T
-
(]
E 1300
S 1100
= 900
é 700
c 500
- 300
E 100 H_ -
f>° Baseline-2019 Baseline-2016
>
~
Plgastic 459.75 1230.63
Used
Plsstic 353.29 1014.14
Waste
Mismanag 79.29 152.58
ed Plastci
Waste
Plastic 22.06 44.15
Leakage

Regional action Global Amibtion

2060 2060
1018.09 827.14
836.69 679.47

58.73 6.11

20.07 6.44

Singapore Plastic Stats In numbers

Plastic packaging industry in
Singapore amounted to US$42.5
billion in 2013 and expected to
grow with a compound annual
growth rate (CAGR) of 4.2%
between 2019-2024.

Source:  Singapore environmental
agency

Singapore generated about
7.39 million tonnes of solid
waste in 2022, of which

plastic waste makes up
around 15%

Source:National environmental
agency


https://www.sps.nyu.edu/homepage/academics/divisions-and-departments/division-of-applied-undergraduate-studies/highlights/2019/initiatives-to-reduce-plastic-pollution.html#:~:text=By%202050%2C%20virtually%20every%20seabird%20species%20on%20the,million%20in%201993%20to%20448%20million%20by%202015.%E2%80%9D
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Circularity Potential

High

N

O  Waste to Energy O  Bio-enzymatic Processes
(incineration) o

O  Managed Landfill

Plastic waste

Industrial Composting

management

O  Burning

Environmental Costs
O

Chemical Recycling

O  Dumping O  Mechanical Recycling

Sustainability Potential

strategies

Social | Health Costs

Seeram Ramakrishna (2022) Guest editorial: Materials for a sustainable future, Drying Technology, 40:14, 2815-2816, DOI: 10.1080/0737393%.2022.2123177
akrishna, S., Pervaiz, M., Tjong, J. et al. Low-Carbon Materials: Genesis, Thoughts, Case Study, and Perspectives. Circ.Econ.Sust. (2021). https://doi.org/10.1007/s43615-021-00135-9


https://doi.org/10.1080/07373937.2022.2123177
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Commingling ®

Contamination ®

https://www.beritaharian.sg/setempat/faktor-penyebab-kadar-kitar-semula-domestik-merosot

ps.//www.channelnewsasia.com/cna-insider/plastic-recycling-rate-singapore-exports-bottled-water-safe-3723811 ?cid=internal_sharetool_iphone 27082023 cna



Al to improve plastic recycling infrastructure

Multispectral Al for sorting of plastics into different resin types

I — I Materials Research
— and Engineering

SINGAPORE UNIVERSITY OF IMRE
TECHNOLOGY AND DESIGN
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Plastics Waste Wavelength (nm)
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mysteries of global supply chains 2220 e ey Recyciing

Chinese companies that are in Xi n
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Firms using them to
trace raw materials

as concern grows
over opacity, abuses

YORK - At a cotton gin in San
Joaquin Valley, California, a boxy

chine helps to spray a fine mist
containing billions of molecules of

samples of raw wdies have found that most
materials to companies hay ly
trace their visibility into the upper reaches of

sources. USfirms _ their supply chains because they
are nowsubject  lack either the resources or the in-
fonewruesthat  centives o investigc In 2 2022
require themto  survey by consultancy McKinsey &
heir Co,4s percent ofresi
goodsaremade they had no visibilty
Wihouttwrced  thelr supply chain beyood their

A onto freshly cleaned Pima labour,or face  immediate suppliers.
cotton. having them xecutives at these technology
s DNA will act as a kind of mi- seized at companies say they envision a fu-

estling amid the
hutied to

nuscule barcode, ture, perhaps within the next dec-
fibr

PHOTONYTIMES  ade, where most supply chains are

fully traceable - an ovtgrowth of Smart bin

Manufacturer

y fibres as they are si
factories in India. There

will be spun nto yarn and woven Doth tougher government regula:
into bedsheets, before anding on tions and the wider adoption of Reuse
the sheives of Gostc sores i the techno

Urited Sat Wi cminey doble ssid Mr

Aty i, ot o s o Leonadn o chie

e o ensure that . which has helped

1o ke gen ctiom e i i 1 Siccolaliaab

hul repl with cheaper mate- Mmra map th supply chains. “If

vias - i cotton from the Xinjiang you want access to the US market

region of China, which isbanned i for your goods, it is a small price to

the US because of ts ties to forced pay, frankly”

labour. Others express scepticism over
rowing concern about the limitations of these technolo-

Ami
opacity and abuses in global sup ading their cost. While

Py chains, firms and government  sourcethelr goods. Morethamever to make tsproducts - and so on, - Bed Bath & Beyond faced expen  ownersip andtrade. Applied DNA' technology, for e
before, theabletofor many levels up the supply  sive product Som xample,are s ample, adds only fve o seven
tracking,ar- exp chai o B Egypian oton sheets ing blackchain cHBOLE 5 (- et . prce of 8 Triahed
tificial intelligence (AD) and block-  come fror Given these challenges, some  they sod toened outto kve been S IRNEIRINEAPRONI lece of sppares s may besigt-
han t ry 0 trace raw materials _ The ack may seem straightor-  companies are urning to lierna:  mad with corton from csewhere,  uet thata factory poduces.Asthat icant for retalrs competing on
rom the source to the store ard but i can be suprisingly  tive methods noallproven, oy A New York Times investgaion , say, ora s
to inspect their supply chains. last year documented that the “or- ~ batch of coffee ~ moves through Some express concernsaboutac-
no el ot v g 5 tanel upply gt s Some comparicy B the 0ne g coron sy was sho e (o supply o, s ighel i racyintoding. o Cxampie: o
prove their goods are made with- with fraud. information
out forced labour, or face having ~ costs and diversify their product — ton, Applied DNA Sciences ~ are  Inaddi he DN/ - about how it incorrectly.
emiceiie s o 13 O pr tagor lied DN Snd pruccssal o I E L o e grourd localy, they
toms officials said in March th i 2000, the value of figure out where cotton comes  parent log for companies and con-  say, speaking to workers and re-
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Greenwashing

Greenwashing, or the process of conveying a false impression by
providing misleading information about how a company's products are
more environmentally sound than they actually are, can be damaging to

a company’s reputation. How can businesses ensure they remain focused
on sustainability and keep their messaging authentic and accurate?

How to Avoid Greenwashing?

of the company.

tinancial reporting,.

1. Deepen sustainability, net zero carbon and ESG literacy to all stakeholders

2. Integrate sustainability, net zero carbon and ESG into the business strategy,
risk management and operational processes. Set science-based ESG targets
and goals and explain clearly to all stakeholders of the company.

3. Integrate sustainability, net zero carbon and ESG targets and goals with

4. Ensure adequate resources and skills are in place to achieve the set targets
and goals. Also, put in place accountabilities and incentives to deliver on
sustainability goals and targets.

5. Develop a more robust, transparent, and fact-based approach for measuring
sustainability performance so as to enable all stakeholders to make more

informed decisions.

renewable energy since 2015, which is less than
one third of funds invested in the oil and gas
businesses. In other words, their investment
decisions are not yet fully embracing the spirit of
ESG and sustainability.

ASEAN is making efforts to transition from its
heavy reliance on “dirty” fuel energy sources,
namely coal, oil and gas to renewable energies.
But according to the ASEAN Center for Energy,
the region is projected to miss its aspirational goal
of greening its energy mix so that 23 per cent will
be from renewables by 2025.

Cited reasons include skills and technology

lag, lack of sustainability and climate change
premiums, and smaller economies of scale, which
contribute to higher costs of renewables in the
region when compared to the global averages.
This underscores the role of governments in
upgrading the transmission grids and ensuring
reliability and security.

By performing well in terms of ESG, businesses
can build reputation and deliver value to
shareholders against the backdrop of the net zero
carbon and sustainability agenda being pursued
by nations. Moreover, they can resonate with the
minds and hearts of people who are increasingly
sensitised to climate change issues and the need
for a carbon neutral world.

Carbon neutrality should be a core business
principle alongside financial considerations

and balance sheet, which has dominated the
decision-making processes and strategies of
corporate leaders for decades. Businesses must be
encouraged to develop a thorough understanding
of net zero carbon and sustainability, and to

make deeper ESG commitments so as to unlock
value for all stakeholders, including employees,
customers and communities. ll

Seeram Ramakrishna is a professor at the National
University of Singapore and a member of SID's
ESG Committee.
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Shades of
Greenwashing

By SEERAM RAMAKRISHNAN

Greenwashing, or the process of conveying a false impression by
providing misleading information about how a company's products are
more environmentally sound than they actually are, can be damaging to

a company’s reputation. How can businesses ensure they remain focused
on sustainability and keep their messaging authentic and accurate?




ENVIRONMENTAL
INTERVENTIONS

Raw material
extraction (e g. Coal)
Emissions (in water,

air and soil)

Physical
modification of
natural area (eg,
land conversion)

Noise

Elementary flows

IMPACT
CATEGORIES

Climate change
Resource depletion
Land use

Water use

Human toxic effects
Ozone depletion
Photochemical
ozone creation
Ecotoxic effects
Eutrophication
Acidification

Biodiversity

= Midpoints

Life cycle assessment (LCA) is designed to estimate the effects of a product on the environment from creation to disposal

DAMAGE
CATEGORIES

Ecosystem quality

= Endpoints
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IS0 59 004 - Circular Economy - Terminology, principles and framework for implementation

g R
IS0 59 010 IS0 59 020 IS0 59 040 ISO59014
Circular Economy - Guidance Circular Economy - Measuring Circular Economy - Product Secondary materials -
on business models and value and assessing circularity Circularity Data Sheet Principles, sustainability
networks and traceability

requirements

ISO TR 59 031 - Circular Economy - Performance based approaches
ISO TR 59 032 - Circular Economy - Review of business model
implementation

Circularity

Rashmi Anoop Patil
Seeram Ramakrishna
Editors

Assessment

Circularity

Assessment:
Macro to Nano

Accountability Towards Sustainability

@ Springer




Circularity Measurement Taxonomy and Interactions

Circular goals and actions

o Circularity measurement taxonomy Measuring andagsessing
of the organization

Sustainability impacts

Circular goalse.g. :

Increase repair of a product with X %,
Increase plastic recycling in a city with X %,
Increase renewable content of inflow into
an organization with X %

Increase reuse of steel in a value network
with X %

Social impact & value
(e.g. health, safety of Labour,
consumers and citizens,
sacial value, well being)

Resource flow measurements

(resource inflows and outflows (crossing
boundaries of the system in focus) and emissions

Environmental impact & value
(e.g. carbon footprint, energy use,
energy, water, economic water use and quality, emissions,

Circularity indicators climate change, hazardous substances,

e.g. Average % reuse content of an inflow, l I | pollution of ecosystems, biodiversity)

]
|
|
|
|
|
|
|
|
|
|ﬁ % actual recycling rate of outflow
|

Circularity Indicator categories
resource i]lﬂO‘-‘L’S, resource DlltﬂOW'S.

durability, recyclability, reusability,
repairability, recovered losses

Actions e.g. :
Reduce, Reuse, Repair/Maintain, Repurpose,
Recycle, Compaosting, Valorisation

r 3

| Economic impact & value
| (e.g. creation or loss of jobs,
| market prices, law, regulations, investment

Energy recavery, Waste to energy, |
Destruction of non-recoverable resources, |
Landfill |

I : I
ISO 59020 Principles of measuring and assessing

_150 59010 /IS0 590_14 circularity (ensure appropriate boundaries and Complementary methods
Circular goals and actions ensure meaningful outcome) (e.g. other ISO standards)

F 3 F 3

Formulas, calculations, aggregation & tax systems, life cycle costing)

I
I
I
I
I
I
: Circularity aspects e.g.:
I
I
I
I
I
I
I

-

5 v

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




Singapore Exchange (SGX): With the effects of climate change becoming increasingly pronounced, the call globally
for efforts to combat climate change has grown exponentially. SGX has therefore introduced a phased approach to
mandatory climate reporting | sustainability reporting | Environmental, Social and Governance (ESG) reporting.

For Financial Year
Commencing

Between 1 January
2022 and 31 December
2022

Between 1 January
2023 and 31 December
2023

Between 1 January
2024 and 31 December
2024

https.//www.sgx.com/sustainable-finance/sustainability-reporting

Baseline Reporting Practice

Climate reporting is mandatory for all issuers on a ‘comply or explain’

basis.

Climate reporting is mandatory for issuers in (a) financial industry; (b)
agriculture, food and forest products industry; and (c) energy industry. 2024

For other issuers, climate reporting on a ‘comply or explain’ basis.
Climate reporting is mandatory for issuers in (a) financial industry; (b)

agriculture, food and forest products industry; (c) energy industry; (d)
materials and buildings industry; and (e) transportation industry.

Calendar Year in
which Report
Published

2023

2025 .

For other issuers, climate reporting on a ‘comply or explain’ basis. .

Environmental

Social

Equal opportunities
Employee welfare

Good community relations
Protecting the interests of
shareholders

Carbon emissions
Climate change
Biodiversity

Energy and water
efficiency
Ecosystem pollution
Resource depletion

Governance

Board structure/ functions
Business ethics
Shareowner rights
Compensation policies
Bribery and corruption

Tamil Selvan and Seeram Ramakrishna (2022) Sustainability for beginners, World Scientific Publication https://doi.orq/10.1142/12413
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Waste Management & ESG KPI's contributing to SDG's

Diversity and inclusion
Increased customer engagement, talent attraction,
community involvement in though waste management

CLMATE Extended producer responsibility

13 ACTION

Schemes to promote recycling, minimize
environmental impact and Efficient collection Via

DRS system L\ng initiatives.
ﬁ':::g:’;g’t'“‘ Human Rights
e ' & -AI Ensuring compliance to labor laws and requirements
Redgced cerbar footprmt_ Ly ' =/ during waste managements activities
efficient waste supply chain
management
; Q‘\“ Stakeholder Engagement
Green procurement Polices & Collaborative efforts promoting responsible and
Environmental friendly procurement <& ) sustainable waste management practices across
decisions and vendor selection "O OQ all stakeholders involved.
.y ~
peesrmper diige S ’9' Capacity Building and awareness
ECONOMIC GROWTH : - \ prog ram
ﬁ/‘ Efficient Waste w « ) Efficient waste management Training programs,
Managemept Capacity building and awareness program &
Increase recycling rates of self o .

PARTNERSHIPS .
17 Sesons generated & collected materials

by Implementing 3R strategies

Ethical Business Practices
Promoting responsible, ethical, 3
: 4%
transparent, and accountable business

practices among stakeholders

w Health and Safety

the broader community

Zero Waste to Landfills Audit & ‘\o‘r

Procedures -

Fostering transparency, compliance, and Environmental compliance
sustainability, aligning waste management. management policies

Enhanced accountability, transparency, and
ecological risk mitigation.

Commitment to workers & employees wellbeing and

@ Transparent Governance
Effective policies for waste management through traceable,

transparency and robust external and internal engagement.
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In March 2022, at the resumed fifth session of the UN
Environment Assembly (UNEA-5.2), a historic resolution
was adopted to develop an international legally binding
instrument on plastic pollution, including in the marine
environment.

The resolution (5/14) requested the Executive Director of the UN Environment Programme
(UNEP) to convene an Intergovernmental Negotiating Committee (INC) to

develop "the instrument," which is to be based on a comprehensive approach that
addresses the full life cycle of plastic, including its production, design and disposal.

The INC began its work during the second half of 2022, with the ambition to complete the
negotiations by the end of 2024. The first session of the INC (INC-1) took place in Punta
del Este, Uruguay from 28 November to 2 December 2022, followed by a second

session (INC-2) in Paris, France from 29 May to 2 June 2023. The third session (INC-3) is
now scheduled from 13 to 19 November 2023 at the UNEP Headquarters in Nairobi,
Kenya.
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Trash to treasure:
A vision of no waste
in South-east Asia

A crucial pathway to achieving the
circular economy in the region is
collaboration across supply chains.

Kris Hartley

Erratic weather and extreme
climate events gripped the world
this summer, from wildfires in
Canada to floods in Greece and
Hong Kong. The human and
economic loss, along with the
increasing costs of recovery, has
led to consternation among many,
with unsustainable human
behaviour largely blamed for the
worsening situation.

Conferences and summits
concerning sustainability are
proliferating, with attention
focused on the need for broad
change in industrial production
and the potential role of
technology to achieve this.

But technology - while a crucial
part of sustainability efforts —
cannot by itself plug large and
impending gaps in meeting the
United Nations’ Sustainable
Development Goals (SDG) by
2030. Last Monday, UN
Secretary-General Antonio
Guterres disclosed that only 15
per cent of SDG targets are on
track and that many are, in fact,
going in reverse. Committing to
ever more sophisticated
technological solutions can
address some problems, but the
sustainability crisis is bigger than
what technology alone can solve.
A broader perspective is needed.

‘This broader perspective should
include transformational thinking
about the economy. Decades of
industrialisation and economic
growth generated employment
opportunities for millions in
low-income countries, while
flooding wealthier countries with
ever-cheaper consumer goods.
Globalisation of supply and
delivery chains and trends like
fast fashion have exacerbated the
situation over the past 10 years -
a golden era for industrial
production.

But it has been anything but a
golden era for the natural
environment. Unbridled
manufacturing and consumption
are degrading the environment in
manifold ways, through resource
extraction, energy consumption,
production by-products, and
end-of-life disposal.

GROWTH OF THE
CIRCULAR ECONOMY

Circular thinking can help foster a
more holistic perspective on
sustainability. Ideas about
cireularity have existed in various
forms going back decades, but the
concept itself has come into its
own only in the past 10 years.

In a recent article analysing
more than 200 definitions of the
concept, Dr Julian Kirchherr,
other colleagues and I defined the
circular economy as “a
regenerative economic system
which necessitates a paradigm
shift to replace the ‘end of life’
concept with reducing,
altemanvely reusing, recycling
and recovering materials
throughout the supply chain”

Our definition also maintains
that the aim of the circular
economy is to promote value
maintenance and sustainable
development, creating
environmental quality, economic
development and social equity, to
the benefit of current and future
generations.

This broad definition highlights
numerous pathways to
implementation - including in
South-east Asia, as much of the
region continues to industrialise.

Consider the textile sector,
which is responsible for a
significant amount of waste
across various production stages,
including water used to farm
cotton. On top of this,
consumption preferences often
result in material being discarded
rather than reused - particularly

clothes.

Adopting circular thinking can
help address such challenges by
recognising how waste can be
reduced not only through
recycling and materials recovery
but also through reuse,
remanufacturing and
refurbishing. The goal is to treat
production processes like cycles
that require fewer external inputs
and generate fewer external
by-products.

Circularity currently shows up
in many ways, including through
novel use of waste materials. For
example, discarded polyethylene
terephthalate (PET) bottles, more
commonly recognised as the
ubiquitous plastic water bottle,
can be reprocessed to produce
polyester fibre for use in clothing
and other textiles - an imperfect
but still useful substitute for
virgin materials.

Japanese clothier Uniglo has
made polo shirts using polyester
obtained from PET bottles.
Swedish furniture retail giant Ikea
likewise uses recycled materials
in polyester products, having
reached a threshold of 90 per
cent usage in 2020. The company
also pursues circularity through
product design, maximising the
interchangeability of parts to
facilitate repair and
remanufacturing for novel reuse.

Circularity is achievable in
other ways. American computer
manufacturer HP uses recovered
ocean plastics as material in new
computers, and Dutch phone
manufacturer Fairphone sources
materials from fair-trade certified
and “conflict-free” mines focused
on sustainable extraction and
humane conditions for workers.

CIRCULARITY PROSPECTS
IN SOUTH-EAST ASIA

Individual efforts are important,
but a collective approach to
circularity is also needed. A
crucial pathway to achieving this
in Asean is collaboration across
supply chains.

The feasibility of such

collaboration depends on

partner-to-partner
: bilitv. includi

Tuesday, September 26, 2023

equivalent technical capabilities
such as digitisation and
information sharing. Closing the
gaps in technology access and
infrastructure among Asean
countries can also help ensure
more seamless interactions
among supply chain collaborators.

Broadly, there are four
challenges to overcome to achieve
circularity in production,
according to research conducted
by me and European Union-based
researchers.

Cultural barriers include low
awareness and interest among
customers and producers,
hesitant company culture, myopic
business models and the
dominance of linear thinking
including the entrenchment of
the “take-make-dispose” model of
production. Such factors are
particularly salient in newly
industrialising countries, where
fast-growing domestic firms or
foreign investors primarily chase
quick financial wins under lax
regulatory regimes.

Market barriers include the low
cost of raw or newly extracted
materials relative to reused
materials, an issue that has
universal dimensions given the
globalisation of factor markets.

Technical barriers include lack
of technology to incorporate
reused or refurbished
components into production
systems and absence of product
design traits like modularity that
enable such reuse and
refurbishment.

Finally, regulatory barriers
include policies that inadvertently
obstruct circular activities, such
as restrictions on the use of scrap
material for novel purposes and
the failure of policy interventions
to treat waste management as an
integrated, multi-stage process
with inter-firm and cross-sector

roughly

THE STRAITS TIMES

BETTER POLICY
CAN LEAD THE WAY

The time for action is now. A
2023 study indicates that global
production is less than 10 per cent
circular. Around the world and
within Asean, waste disposal
rates are rising while materials
and resource recovery lags
targets.

The notion of the circular
economy is realisable now and in
small ways, as illustrated by
examples of companies
incorporating reused materials. A
systemic perspective is also
needed to push the concept to its
ultimate full potential, and Asean
can be a leader in this regard
following the adoption of its
circular economy framework in
October 2021

The Asean framework calls for
harmonisation of standards
regarding circular products,
trading openness, and initiatives
broadly classified as
environmental, social and
corporate governance, a corporate
sustainability framework.

At the same time, public policy
in the regional bloc should
include more support for
monitoring flows of reusable
materials, provision of subsidies
for circular-inspired innovation,
circularity-based corporate
reporting requirements and tax
exemptions for products made
through circular processes.

A mix of spot-level
interventions can be helpful, but
a fundamental shift in production
thinking and business models is
the most durable way to promote
circularity - particularly in areas
beyond the reach of publu policy.

A vision for regi

Around the world
and within
Asean, waste
disposal rates
are rising while
materials and
resource
recovery lags
targets.

PHOTO: AFP

upskilling and technology
transfer.

The 2023 release of the Asean
Circular Economy Stakeholder
Platform holds potential in
encouraging knowledge sharing
and promotion of facilitative
policies.

The next step should be an
institutionalised and ised
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s in economic regionalism for Asean

digital world.Its structure needs
tobe agile and lexible so the
agreement can keep pace with
the rapidly evolving world of
digital-related developments

0 been advancing

offsets) that can be sold into
regional and global carbon

kets;
* Developing marker-based
solutions t0 stimulat
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myments, standars tade

d
pricing risks, and maximise the
potential for the region to

the Philippines and Thailand -
were among the t0p 10 countrics
in the world affected by climate
risks between 2000 and 201,

OPPORTUNITIES

Asean leaders could commit to
faster reduction in carbon

facihation.
digitalinclasion and skl These
initiatives should be welcomed as
they enable the grouping to adapt

7 igation outcomes fo
other countries;

* Ivesting inemission recuction
technologics as well a

P g
innovation in an increasingly
digitalised global environmen.

SUSTAINABILITY

Third, sustainability as  theme
o ecenly crgedon Asan's

transition and
technlogies, hich vill be

 Engiiopdeghins
inable

0 not averlock other Important
socio-economic considerations

monitoring mechanism to track
progress, much in the same
manner as the SDG tracker and
the EU’s circular economy
monitoring framework. The EU
framework’s indicators for
materials consumption and
productivity, waste generation
and management, trade in
recycled materials, and softer
factors like innovation and
contribution to global
sustainability can be a model for
how Asean policymakers can
target action.

Better flow of information
through a material flow
accounting database can also help
producers identify potential
partners and available streams of
reusable scrap. This effort, as do
many others, requires resource
support, industry coordination
and participation, and
cross-jurisdiction regulatory
consistency to track, analyse and
circulate data.

The regionalisation and
integration of the circular
economy is an important and
exciting moment for Asean.
Home to numerous thriving
industries but also vulnerable to
the impacts of climate change,
South-east Asia has an excellent
opportunity to be a leader in
sustainability thinking in the 21st
century.

circularity would go hand in hand
with the Asean Economic
Community’s promotion of
regional value chains, worker

» Kris Hartley is assistant professor
of public policy in the Department of
Public and International Affairs at
City University of Hong Kong.
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