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Singapore’s Sustainability Challenges

= About 95% natural gas
i = Alternative-energy
5 disadvantaged country

= Population = 5.64 million as

at June 2022
: » Projected to grow to about
I 6.5 - 6.9 million people by

2030

= Limited natural resources

» 734.3sg km :
= 30% at risk of submerging under Carbon Up to 50% water
imported

. Emissions
water as sea level rises due to
. Lack of natural
global warming
surface water sources

= More than 90%
.. food imported
.= = Limited land for
. agriculture

= New Waste-to-Energy plant
every 7 - 10 years

' = Semakau landfill fully filled

by 2035
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The “Two Zeros”

Urgency to Achieve Net Zero © More Ambitious Targets

O Nationally Determined Contribution (NDC):
Reduce emissions to around 60 MtCO,e in 2030 after peaking emissions
between 2025 and 2028

TOWARDS
ZERO WASTE

O Long-Term Low-Emissions Development Strategy (LEDS):
Achieve net zero emissions by 2050

2020 Emissions: 49.7 MtCO,e

Progressive Carbon Tax Increase

Semakau landfill: Going beyond 2035

Currently S$5 per tonne

Transport Q Semakau landfill (Singapore’s only landfill) estimated to reach full
' 2024 & 2025 $$25 per fonne capacity by 2035
2026 & 2027 $$45 per tonne
Buildings . . 0,
B 203 o S o O Reduce waste sent to landfill per capita per day by 30% by 2030.
Developments in energy transition O Target of 70% overall recycling rate by 2030
Q Jun 2022:Singapore importing renewable
\ Weste and W energy from Laos through Thailand and L. . . . .
et Malaysia Q Priority waste streams: Packaging waste including plastic, e-waste and
"R""'ﬂ E::',':z'r"s’;fs% SECONDARY EMISSIONS O Oct2022: Launch of National Hydrogen food waste
B industry 44.45% B ndustry 16.2% Strategy - hydrogen could supply up to
Transport 13.7% B Transport 2.3% 50% our power needs by 2050 R . .
Buildings 0.8% Buildings 13.1% O Jan 2023: Singapore announced that 100 O Extended Producer Responsibility progressively introduced from 2021
I Household 0.5% - Household 7.1% MW of electricity will be imported from
= e O o Malaysia (cross-border energy supply O New $80 million Closing the R L Funding (CTRL) Initiati
\ ; infrastructure) ]| ew million Closing the Resource LOOp Funaing ( ) Initiative /
N Nl 4 5
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Areas of Innovation for a Sustainable Singapore

Net Zero Emissions & Zero Waste

CO, captured
0 Low-carbon, Shift to clean Greenhouse Gases and utilised Cart_)(_)n Capture and
renewable energy energy — Utilisation (CCU) Greenhouse Gases
sources
. CCU-derived products
displaces fossil fuel-
H,, PV, Energy based incumbents
Imports ’ N £ -
. rowerrianrts | - WIEriants | (] \ DUSC
- =

Less virgin Less
resource waste
consumption

More energy Shift to more
efficient carbon-efficient
transportation EVs

Increased grid efficiency
and resilience \
e Less energy

Decentralisation e
used to . . _— .
; Energy efficiency in buildings, Electrification of
Circular Econom . -
Pr°d:‘°‘? r;ew y households, transportation and urban mobility
materials industry

IData-driven management and system-wide optimisation

e Business Models ° TR
= Digitalisation
oN| v
6
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Developing End-to-End Capabilities for Net Zero Manufacturing

Carbon Awareness

C

A roadmapping tool to assess and
chart pathways for improving
organisations’ environmental

sustainability readiness.

OPERATIONS  PRODUCT LIFE CYCLE

Green
Compass™

SUPPLY NETWORK ORGANISATION

Plan

Prioritise
Areas for sustainability

mmmmmmmmmmm

&)

0

MATERIAL & WASTE

AdViSE - @cé‘&e;a"ssm

Platform for sustainability
maturity self-assessment,
prioritization, and knowledge-
driven roadmapping ideation.

Carbon Measurement &

Tracking

77—~ AdViSE - Life Cycle
LCA Assessment &
Costing Platform
S (LCA-LCC)

ISO-compliant Life Cycle Assessment
and Costing Platform to perform eco-
technoeconomic analysis on
organisations, technologies, systems,
products and services.

AdVISE - Live Carbon and
Environmental Impact
Tracker

Automated carbon and
environmental impact tracking
through data connectivity and

enhanced methodologies.

Life Cycle
Inventory
Localisation

Contextualised
Life Cycle Inventory

Carbon Reduction, Removal & Offset

Energy Efficiency
\  Monitoring &
@ Analytics System
(E2MAS)

Enabling energy efficiency
improvement through real-time
energy usage signal analytics to

identify hotspots and remedy actions.

y
L}

AdVIiSE - Resource
Efficiency Monitoring &
Analytics Platform
(REMAP)

Holistic management system for
energy, water, materials and waste to
mitigate excessive resource usage.

AdVIiSE - Collaboration
Platform for
Industrial Symbiosis (CPIS)

Knowledge driven recommendation
and coordination system to facilitate
discovery and formation of new

waste-to-resource value chains. y

t
AdVISE - Decision
ﬁ Support Tool for Life
Cycle Design
Generate design recommendations
by leveraging knowledge on
materials, processes and design
elements.

NET ZER()
T

Government
Policies jon

A energy efficiency

mitigc
decarb
==

Models
™~
/ ;,' ﬁ/

/

Modelling & Simulation
for Decarbonisation
Policy Planning

Integration of disparate models
via a federated approach to
harmonise, harness and synergise
the best available modelling &
simulation features to better
support policy decisions for
energy and emissions.

A

a

| :Ongoing
| :R&D pipeline

Sa—
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Developing End-to-End Capabilities for Net Zero Manufacturing

Carbon Awareness qubon.:.‘: gg;it:\rgement & Carbon Reduction, Removal & Offset NET ZER @

Green 77—~ AdViSE - Life Cycle Energy_ Eff!uency AdViSE - Collaboration wiee - Government
Compass™ LCA Assessment & \  Monitoring & Platform for decarb Policies
Costing Platform EXMAS J Analytics System Industrial Symbiosis (CPIS) tion
A roadmapping tool to assess and \Q/ (LCA-LCC) (E2MAS) ,_ "-'-‘*i: energy efficiency
chart pat?way’s for'improvi?g| . e vl A - >~ e \:%
organisations’ environmenta -compliant Life Cycle Assessment . -
sustainability readiness. and Costing Platform to perform eco- . Enabling energy eff'c'e”CY Mo;d_.elf,
OPERATIONS PRODUCT LIFE CYCLE SUPPLY NETWORK ORGANISATION technoeconomic analysis On Ierggrr-ovelJTaenét tsri-] rﬁglgal’]nraela‘lti_élsr]’t]g \::%? r’:!l”/
— organisations, technologies, systems, = €NErgy usagesig ytest —
o products and services. identify hotspots and remedy actions. Knowledge driven recommendation . T
A V. Zhd coordmiltl]?n sys;c_em t]ch facilitate Modelling & Simulation
- AGVISE - Live Carbon and - waste-to resource value chains. for Decarbonisation
Py Environmental Impact AdViSE - Resource — Policy Planning
Tracker Efficiency Monitoring & t
Autornated carbon and Analytics Platform AdViSE - Decision Integration of disparate models
environmental impact tracking L @ Support Tool for Life via a federated approach to
O o through data connectivity and Cycle Design harmonise, harness and synergise
~ o O Q enhanced methodologies the best available modelling &
y. o Generate design recommendations simulation features to better
: Life Cycle Holisti by leveraging knowledge on support policy decisions for
- Green olistic management system for i : .

AdViSE @CompaSS" Inventory energy, water, materials and waste to materials, prlocesses and design energy and emissions.
Platform for sustainability Localisation mitigate excessive resource usage. CIEES, ) y
maturity self-assessment, Contextualised I 1 1

prioritization, and knowledge- Life Cvcle Inventor . _
driven roadmapping ideation. / ¢ | :Ongoing
1 ) | :R&D pipeline
L | —
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Green
Green Compass™ C Compass-

Green Compass™ is an environmental sustainability assessment and roadmapping tool that enables companies to
understand their state of environmental sustainability and develop their sustainability improvement pathways.

Key Benefits

OPERATIONS PRODUCT LIFE CYCLE SUPPLY NETWORK ORGANISATION

..., B *  Reduce Business costs by learning how to improve resource efficiency

*  Future-ready your business for sustainability-oriented regulations and
industry trends

Prioritise
Areas for sustainability
ement

Assess

*  Recommendations on how to improve the environmental
sustainability performance

* Identification and prioritization of key improvement areas,
considering impact and costs.

ASSESS PRIORITISE

CARBON ENERGY WATER MATERIAL & WASTE

Carbon

e 16-hour workshop, over 4 days Emisions

“

EFFORT

 Launched as a Skillsfuture course in Apr 2022

e  *228 pax from 33 companies trained (incl. pilot _
phase Since OCt 202 1) Introduction to sustainability 7Enw'ronm.e;nr.a:‘susramabr'ir‘ty

trends and methodologies assessment report

Prioritised domains based on
company strafegic value and costs High-level action plan

*Data collated as at July 2023

ARES-Public
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Developing End-to-End Capabilities for Net Zero Manufacturing

Carbon Awareness

C

A roadmapping tool to assess and
chart pathways for improving
organisations’ environmental

sustainability readiness.

OPERATIONS  PRODUCT LIFE CYCLE

Green
Compass™

SUPPLY NETWORK ORGANISATION

Plan

Prioritise
Areas for sustainability

mmmmmmmmmmm

&)

0

MATERIAL & WASTE

AdViSE - @cé‘&e;a"ssm

Platform for sustainability
maturity self-assessment,
prioritization, and knowledge-
driven roadmapping ideation.

t

Carbon Measurement &

Tracking

77—~ AdViSE - Life Cycle
LCA Assessment &
Costing Platform
S (LCA-LCC)

ISO-compliant Life Cycle Assessment
and Costing Platform to perform eco-
technoeconomic analysis on
organisations, technologies, systems,

products and services.

V.

AdVISE - Live Carbon and
Environmental Impact
Tracker

Automated carbon and
environmental impact tracking
through data connectivity and

enhanced methodologies.

Carbon Reduction, Removal & Offset

Energy Efficiency
\  Monitoring &
@ Analytics System
(E2MAS)

Enabling energy efficiency
improvement through real-time
energy usage signal analytics to

identify hotspots and remedy actions.

y
L}

AdVIiSE - Resource
Efficiency Monitoring &
Analytics Platform
(REMAP)

AdVIiSE - Collaboration
Platform for
Industrial Symbiosis (CPIS)

Knowledge driven recommendation
and coordination system to facilitate
discovery and formation of new

waste-to-resource value chains. y

@ t

AdVISE - Decision
Generate design recommendations

Support Tool for Life
Cycle Design

NET ZER()
T

Government
Policies jon

A energy efficiency

mitigc
decarb
==

Models
™~
/ ;,' ﬁ/

/

Modelling & Simulation
for Decarbonisation
Policy Planning

Integration of disparate models
via a federated approach to
harmonise, harness and synergise
the best available modelling &
simulation features to better

Life Cycle Holistic management system for pyleveragingiknowicageion support policy decisions for
Inventory nergy, water, materials and waste to materials, processes and design energy and emissions.
Localisation mitigate excessive resource usage. elements. ) )
Contextualised ‘ 1 4
Life Cycle Inventory | - Ongoing
\, " | :R&D pipeline
DE A Yo -



. . P Life Cycle
Life Cycle Assessment and Costing (LCA-LCC) LCA sssessment

~ / Platform

LCA-LCC equips companies with a science-based collaborative digital web tool that provides customized and
credible reports with localized emission data, that can be used for sustainability planning to help businesses
reduce carbon emission, compute carbon tax and provide decision support for carbon pricing.

Key Benefits

Validate ‘eco-friendliness’ of

\@ processes, products and

Sservices over entire life cycle To increase the efficiency by computing the

carbon footprint and other environmental

Benchmark environmental impacts across supply chain

YLl i?gyiggxm'c performance To reduce company’s carbon emission,
compute carbon tax and provide decision

ety i support for carbon pricing
Identify sustainability hotspots

S and set science-based targets e To maximize financial ROI of Sustainability

Initiatives
~-p> ~
. inistry of Sustainal Si Nati | o~
Support ECO-dESIgI'I 42 Man;%ef;w;mt::;ty h«f‘y@ ingapore Eg‘i&‘:’g‘me"t ==
e ~——— SINGAPORE M P A
NC C S ;];1[1}: '\ﬁ.lfsmyf Land Transport Authority fl
H OFFICE We Keep Your World PHoving. W
Support systematic and ~ — -
PP y Life Cycle Inventory Analysis & Impact A t,and ASRRA
. . ife Cycle Inventory Analysis & Impact Assessment, an biofuels
Strat_eg_lc pl_annm_g to Life Cycle Interpretation T E MA S E K an Vﬂ(ﬂl w / e tra
— maximise financial ROI of anaarORE
sustainability initiatives DBS Deloitte. ENG RO  siibhie SU SURBANA
SLE G St 1 COUNCIL

ARES-Public
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Developing End-to-End Capabilities for Net Zero Manufacturing

Carbon Awareness qubon.:.‘: gg;it:\rgement & Carbon Reducticn, Removal & Offset NET ZER @

Green 77—~ AdViSE - Life Cycle Energy_ Eff!uency AdViSE - Collaboration wiee - Government
Compass™ LCA Assessment & \  Monitoring & Platform for decarb Policies
Costing Platform EXMAS J Analytics System Industrial Symbiosis (CPIS) tion
A roadmapping tool to assess and \Q/ (LCA-LCC) (E2MAS) ,_ "-'-‘*i: energy efficiency
chart pat?way’s for'improvi?g| . e vl A - >~ e \:%
organisations’ environmenta -compliant Life Cycle Assessment . -
sustainability readiness. and Costing Platform to perform eco- . Enabling energy eff'c'e”CY Mo;d_.elf,
OPERATIONS PRODUCT LIFE CYCLE SUPPLY NETWORK ORGANISATION technoeconomic analysis On Ierggrr-ovelJTaenét tsri-] rﬁglgal’]nraela‘lti_élsr]’t]g \::%? r’:!l”/
- organisations, technologies, systems, | = €NErgy usagesig yties t —
. products and services. ) identify hotspots and remedy actions. Knowledge driven recommendation . T
A V. Zhd coordmiltl]?n sys;c_em t]ch facilitate Modelling & Simulation
. AVISE - Live Carbon and - waste-to resource value chains. for Decarbonisation
Py Environmental Impact AdViSE - Resource — Policy Planning
Tracker Efficiency Monitoring & t
Autornated carbon and Analytics Platform AdViSE - Decision Integration of disparate models
environmental impact tracking L @ Support Tool for Life via a federated approach to
O o through data connectivity and Cycle Design harmonise, harness and synergise
~ o O Q enhanced methodologies the best available modelling &
y. o Generate design recommendations simulation features to better
: Life Cycle Holisti by leveraging knowledge on support policy decisions for
- Green olistic management system for i : .

AdViSE @CompaSS" Inventory energy, water, materials and waste to materials, prlocesses and design energy and emissions.
Platform for sustainability Localisation mitigate excessive resource usage. CIEES, ) y
maturity self-assessment, Contextualised I 1 1

prioritization, and knowledge- Life Cvcle Inventor . _
driven roadmapping ideation. / ¢ | :Ongoing
1 ) | :R&D pipeline
L | —




Energy

Smart Energy Management for Sustainability £xmas ) Efficiency

Monitoring and
Analytics System

Smart Energy Management for Sustainability is designed for participants to understand energy management
(1ISO050001:2018) with introduction to 14.0 technologies and data analytics for energy efficiency improvement.

Key Benefits

Experience having metering solutions to practice data-
driven approaches for energy management

E—— * Increased visibility of energy consumption with selected
case study on-site

* Perform energy analytics by conducting baseline study

Smart Energy Management
Apgiication of for Industrial Sustainability KPI and Visusl

Eheg A on (42 hrs) snoics o Eney and identifying energy hotspots and opportunities for
improvement

07 04

Data Acquiskion Techniques for
uming .0 Technology Energy Anakgtics -
Data Mining

06 0s

|I'I1F|||"ll|'|{ﬂ!-ﬂﬂlﬂr Techiigues for
WL Technology Ervergy Analieics -

:% 42 hours workshop,

over 3 months

ARES-Public
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Energy Efficiency Monitoring and Analytics System
(E2MAS)

E2MAS equips companies with a SMART Energy Management System to:

* Monitor the energy flows and assess the equipment’s energy performance indicators in real-time
* Identify hotspots and anomalies of excessive energy usage

* Analyse hotspots to derive quantifiable energy improvement potentials

* Estimate carbon footprint by energy efficiency in real-time

* Export report in one-click

Key Benefits

* To increase equipment efficiency by >20%

Approach of EZMAS

Parameters

Energy
Efficiency

Monitoring and
Analytics System

EXMAS

* To reduce company energy consumption and carbon emission by >20%

* To eliminate 100% tedious manual task of energy auditing/reporting
* To identify energy hotspots and opportunities for energy efficiency improvement

(With E2MAS, LHT can reduce
energy consumption by 20 per
cent on average

‘ qjﬂ:“"" : Mot i g ,[:ﬁ g .
‘ e e ) =Y 3
[ ‘ '»'LZEL."A r o @

Ms May Yap

5 Managing Director ’ ’
LHT Holdings Limited
Extending existing factory setups with E2MAS A exing ssams T \
o

ARES-Public
Copyright © Singapore Institute of Manufacturing Technology
All Rights Reserved

ﬁhe innovation broadens Singnergy’s
business applications and is able to
position the company with a leading-
edge competitive advantage in the
waste recycling sector through its high
yield and energy-efficient solution

Mr KT Chua
Managing Director ,’

Singnergy Corporation Pte Ltd
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Developing End-to-End Capabilities for Net Zero Manufacturing

Carbon Awareness

C

A roadmapping tool to assess and
chart pathways for improving
organisations’ environmental

sustainability readiness.

OPERATIONS  PRODUCT LIFE CYCLE

Green
Compass™

SUPPLY NETWORK ORGANISATION

Plan

Prioritise
Areas for sustainability

mmmmmmmmmmm

&)

0

MATERIAL & WASTE

AdViSE - @cé‘&e;a"ssm

Platform for sustainability
maturity self-assessment,
prioritization, and knowledge-
driven roadmapping ideation.

Carbon Measurement &

Tracking

77—~ AdViSE - Life Cycle
LCA Assessment &
Costing Platform
S (LCA-LCC)

ISO-compliant Life Cycle Assessment
and Costing Platform to perform eco-
technoeconomic analysis on
organisations, technologies, systems,
products and services.

AdVISE - Live Carbon and
Environmental Impact
Tracker

Automated carbon and
environmental impact tracking
through data connectivity and

enhanced methodologies.

Life Cycle
Inventory
Localisation

Contextualised
Life Cycle Inventory

Carbon Reduction, Removal & Offset

Energy Efficiency
\  Monitoring &
@ Analytics System
(E2MAS)

Enabling energy efficiency
improvement through real-time
energy usage signal analytics to

identify hotspots and remedy actions.

y
L}

AdVIiSE - Resource
Efficiency Monitoring &
Analytics Platform
(REMAP)

Holistic management system for
energy, water, materials and waste to
mitigate excessive resource usage.

AdVIiSE - Collaboration
Platform for
Industrial Symbiosis (CPIS)

Knowledge driven recommendation
and coordination system to facilitate
discovery and formation of new

waste-to-resource value chains. y

t
AdVISE - Decision
ﬁ Support Tool for Life
Cycle Design
Generate design recommendations
by leveraging knowledge on
materials, processes and design
elements.

NET ZER()
T

Government
Policies jon

A energy efficiency

mitigc
decarb
==

Models
™~
/ ;,' ﬁ/

/

Modelling & Simulation
for Decarbonisation
Policy Planning

Integration of disparate models
via a federated approach to
harmonise, harness and synergise
the best available modelling &
simulation features to better
support policy decisions for
energy and emissions.

A

a

| :Ongoing
| :R&D pipeline

Sa—
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INNOVATION & TECHNOLOGY
CONFERENCE 2023

Innovation Through Advanced Manufacturing
Research & Technologies

Keynote for Sustainability
Handling Wet Organic Wastes in Megacities
Prof Tong Yen Wah

Associate Professor
National University of Singapore




> ; R~ Ry
1920 1987 2006

Waste to Resources

TONG, Yen Wah (chetyw@nus.edu.sg)

Dept of Chemical and Biomolecular Engineering
NUS Environment Research Institute (NERI)
National University of Singapore

?W% 2023
NUS
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- &
SITU —~NUS CREATE:

Coupled Challenges and Solutions

- Shanghai, China
for Stressed Megacities

Singapore

SJTU-NUS CREATE

Developing a platform to solve
coupled problems in cities of
increasing size and complexity

Joint SJTU-Government
Agencies Collaboration

Joint NUS-Government
Agencies Collaboration

Te;t-t.)ec:{dmg Solubions: W Test-bedding Solutions:
. Puarflnf)l-szsz:\rlwogon @ Complexity * Qingcaosha Reservoir
ge g . Size * Magiao City, Minhang District
Catchment and Reservoir
@ * SJTU Campus

* Ulu Pandan Canal (Aquatic
Science Center)
* NUS Campus

Test-bedding Solutions with State-of-the-Art Technologies

within a Systems Framework 5
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Waste
managementin

Horticulturalgeass = 2o
SR e, s megacities for Paper wastes
Wastes R . - - .y e
Nl P sustainability
and energy

Sewage wastes{i. "o Otherdry
S wastes

Impacts ?

Municipal solid wastes (MSW) are generated in huge quantities, including food
wastes, sewage wastes, paper, plastics, leaves, plant trimmings and etc. A
sustainable waste management and resource recovery system is needed for

megacities.




Municipal Solid Wastes in Singapore
NUS Waste Statistics from 2000 to 2014

7,514,500
Waste Generated (tonnes)

161% from 2000 - 2014

4,471,100
Waste Recycled (tonnes)
1141% from 2000 - 2014

4,654,600

1,857,300

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

@c2s2

*NEA (2014). National Environment Agency.



% Municipal Solid Wastes in Singapore

Waste generation statistics of waste that has a low recycling rate (<50%)

1200000 8

1100000
7
1000000
- 300000 7
vl
: T
S 800000 ’
— 0.
S 700000
-
£ 600000 6
]
&
o
m JCVU’\.'\. -
m ..r".
+ 400000
]
g 300000 5
200000
4
100000
0 4
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2004 2015 2016 2017 2018
Year
—Food Plastic —Ash and sludge —Glass —Textile/Leather —Total

@c2s2

*NEA (2014). National Environment Agency.

[T,

n

Total waste generation (million tons)




% Municipal Solid Wastes in Singapore (&

NLIJS | Waste Type Tt:-:tal Generated T-:I}tal Recycled Recycling Rate Tt:}ta| Disposed
('000 tonnes) ('000 tonnes) ('000 tonnes)
Ferrous metal 1,338 1,331 99% 7/
Paper/Cardboard 1,064 394 37% 671
Construction & Demolition 1,424 1,419 99% 5
Plastics 1,001 57 6% 944
Food 813 146 18% 667
Horticultural 221 188 85% 32
Wood 419 298 71% 121
Ash & sludge 241 27 11% 213
Textile/Leather 254 5 2% 249
Used slag 169 166 99% 2
Non-ferrous metal 92 91 98% 2
Glass 73 11 14% 63
Scrap tyres 26 25 95% 1
Others (stones, ceramics, etc.) 249 30 N.A 219
Overall 7,385 4,188 57% 3,197
-

*NEA (2023). Mational Environment Agency.



Current Approach to Waste Management

NUS
Waste Generated
20,588 tons/day
e Waste Recycled
' i 12,250 tons/day
SRS (60%) / Recycle

ot F iy
3 ks Obe.
- 71 N

Non-incinerable waste
/ , 466 tons/day (2%)
Incinerable waste
7,863 tons/day P
(38%)
Ash

1,995 tons/day

@c2s2




F‘@ Current Approach to Waste Management

NUS




Current Approach to Waste Management

Anaerobic o Plasusais =
A . ¢ - 7 ° LLlrlLll_\ ( Oohn(_y‘
digester g
Waste : Acid gas | Gas power Hot water
sorting separation generation 3
L Waste ‘ : Dehumidification
opo . - L 'aste he
gasification Waste heat
______ | — Energy storage
| |
I Environment !




Key Challenges To Waste Management ({()

* Emissions, environmental/human effects

* Space for facilities and landfill
* Management of by-nbroducts




% Alternative ways to handle waste
NUS

Organic solid
waste

I—

@ *‘ - - ﬁ -Electricity

Waste mllcct

segregation
geg Dg stio {AD]

_II_. *@sss

Waste heat Waste heat




cs Anaerobic Digestion (AD)
NUS

ol Sogapere Combustion engine Waste heat utilization
fueled with low heat
value gas Air-conditioning
Dehumidification

Modularization Hot water

Power generation

{ /’_ \Vi \1 DHsestate

) CHy, COy —
Hvdrogenotrophic - - Aceticlastic
methanogenesis -~ \m—n‘.‘;m. EEREsin
=
- _
= Gasification
Ha. COby, o HOCHY CHy-Cody

Fertilizer

SRR ERCELS

Non-acelic SCFA
{propionate, bulyraie,

Selection and
characterization of Fermentative Inctate, ete) Rermentcaive
microbial communities acidogenesis

acidopenesis

Fermentative W acidopenesis
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% AD of Food Wastes

* In Singapore, 10% of total waste generated
* 813000 tonnes generated, 18% recycled (2022)

* All currently incinerated
— Solutions? Minimization, redistribution, recycling

— Energy recovery

* Challenges of AD for energy recovery:

— Slow rate of hydrolysis
— Slow start-up and product inhibition (VFA, ammonia)

— Sensitivity to environmental changes
— Large bioreactors

@c2s2



AD of Food Wastes

NG

* |In Singapore, 10% of total waste generated
* 813000 tonnes generated, 18% recycled (2022)

* All currently incinerated
— Solutions? Minimization, redistribution, recycling

— Energy recovery

* Challenges of AD for energy recovery:
— Slow rate of hydrolysis

— Slow start-up and product inhibition (VFA, ¢
— Sensitivity to environmental changes
— Large bioreactors
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Translating E2S2-CREATE Research to ECLFV

Closing The Food Waste Loop Through Onsite

Anaerobic Digestion Eco-System

e

General
food waste

0 Food waste
sorting system

Test-bedding of solar- Past cg?,f : 200(]-‘ lage,
driven thermophilic R e B
food waste anaerobic
digestion systems in
Singapore and China

Odor
removal

,,,,,,,

Shanghai, China

‘3 National
'(i Environment E 252
- Agency

| system with
nano-catalyst

TNUS 5

Machine
CEI

Lmc) XS X

"9 Prediction of ‘
anaerobic digestion
performance using
machine learning

. Electricity

generator

9 The electricity
generated from biogas
is used by the East
coast food village

Digestate as fertilizer for the cultivation
of the leafy vegetable, xiao bai cai
(Brassica rapa)

digestate

digestate
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Case Study on ECLFV
NUS

Natio niversty
f DO
[ VPO e

Sing.

» Food waste generated at ECLFV: Range from 150kg/day on weekdays, and up to
300kg/day on weekends




ECLFV AD System Process Flow

» Proposed anaerobic digestion system
The digester's temperature is maintained by the recovered heat
@

K

i

FOOD WASTE

Biogas .
P » > > i
o =3 - ——— - ELECTRICITY
LB Purification  Biogas Storage . .
P 4
» System Tank Biogas Engine
‘g « Clean the biogas by -« Store biogasas -+ Generate electricity
% removing moisture fuel for Biogas and recover heat
and hydrogen sulfide  Engine
(a harmful gas)
# v -
L a f
B B d '
Sorter and Feeding Tank ndll "« g
Blender por
« Separate out « Store and regulate ok e | e & Digestable Electricity Powers the Fans
non-food waste feeding of food e S . o and Mobile Charging Stations
« Blend food waste Anaerobic Digester Digestate Biofertiliser for « Excess electricity is used to power up to 31
into slurry « Microbes feed on food waste to Storage Tank  Vegetables and Plants fans and 2 mobile phene charging stations
produce methane-rich biogas « Store the liquid and  + Nutrients-rich digestate
and nutrients-rich digestate residue streams, ie.  is used as fertiliser for
“digastate” landscaping

-
System is powered by the electricity generation from the Biogas Engine

@c2s2




FOOD WASTE TO ENERGY AND
RESOURCES




Properties needed

Clean Odor-free

Distributed Compact
Hot water Electricity
5-yr service

ROI: 3-5 years warranty

Annual savings for 1 ton of food wastes per day: $35,405!
Generate 73 MWh of electricity worth $17,615!

@c2s2




N

S
- Design of a high-tech distributed food wastes handling

Impact of Managing Food Wastes

system

On-site food waste treatment that is clean, compact,
odour-friendly, and generate electricity/heat from wastes

Suitable for urban areas and city centres, outdoor or
indoor

Separate and sort plastics/paper/inorganics from food
wastes for recycling or disposal

Reduces transportation and waste disposal costs,
currently at S$97/t

Can produce about 200 kWh of electricity per ton of food
wastes, equivalent to $48.26 (at 24.13 cents/kWh)

@c2s2




95 Conclusions

NUS

* Municipal solid wastes forms a very complex
substrate for treatment

* Hybrid, or mixed, technologies combined with
waste sorting would provide more effective
conversion of wastes to energy

* Avariety of issues have to be addressed

* Test-bedding should be done in different
locations/countries

@c2s2






INNOVATION & TECHNOLOGY
CONFERENCE 2023

Innovation Through Advanced Manufacturing
Research & Technologies

Climate Change Mitigation Planning

Mr Daren Tan
Group Manager
Sustainability Informatics & Strategy
SIMTech




Singapore Institute
of Manufacturing
Technology

SIMTech

wﬁ

Climate Change Mitigation Planning

Daren Tan Z. L.

Ag Group Manager
A*STAR SIMTech

Jul 2023

CREATING GROWTH, ENHANCING LIVES




Singapore’s Net Zero Goal

Charting Singapore’s Net Zero Future

Achieve net zero emissions by 2050 Reduce 2030 emissions to 60 MtCOze
Long-Term Low-Emissions Development Strategy (LEDS) after Pecking emissions earlier
2030 Nationally Determined Contribution (NDC) 1 4

== Q-Mﬂ-%..g oy ey C N |

Accelerating Low-Carbon Transition in Industry, Economy and Society

Catalyse Invest in Pursue effective Adopt low-carbon practices
business transformation low-carbon technologies international cooperation * Green commutes via public
« Sustainable energy and chemicals hub + Carbon Capture Utilisation and Storage « International carbon markets with transport, Walk-Cycle-Ride
in conjunction with industry + Low-carbon hydrogen high quality carbon credits & cleaner energy vehicles ‘
:_ * Grants for energy efficiency and + Solar and energy storage systems « Regional power grids for green energy AniE
w55  emissions reduction ERRE
~

. - . Carbon t:
Right-pricing carbon to shape business SSSaOr-:(I)‘ /t(a::,ze

ENABLER decisions and consumer behaviour by 2030

EVERYONE CAN Public sector Private sector Individuals

Achieve net zero emissions Develop and adopt low-carbon Contribute to

pLAY A pART across public sector around solutions, and pursue green climate friendly

2045 as part of GreenGov.SG growth opportunities initiatives

PRIMEMINISTER'S ‘ @ GREEN PLAN

weraist | OFFICE
R E FFICE

Source: Joint press release by NCCS and MSE (25t Oct 22)
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https://www.nccs.gov.sg/media/speeches/25-oct-2022-singapore-energy-lecture-dpm-wong/
https://www.nccs.gov.sg/media/press-releases/singapore-commits-to-achieve-net-zero/

Climate Change Mitigation Planning

5‘"& Climate Change Mitigation refers to efforts to reduce
™ or prevent emission of greenhouse gases

MtCO.,e ,
N o R »= Planning uncertainty
RS o = Trade-offs
~
NN 2 = Data availability
S o - I ¢ = Technological limitations
: = Where to start
I
I
I

Mitigation can mean using new technologies and renewable
f;.‘. energies, making older equipment more energy efficient, or
4™ changing management practices or consumer behaviours. 49

Source: UN environment programme
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https://www.nccs.gov.sg/media/speeches/25-oct-2022-singapore-energy-lecture-dpm-wong/

Climate Change Mitigation Planning

Model baseline environmental impact
and identify sustainability hotspots.

Reconcile production-based and
consumption-based accounting to
understand a country’s contribution to
global GHG emissions.

Assess GHG abatement potential,
technological and economic
feasibility of mitigation measures.

Formulate GHG reduction trajectories,
perform uncertainty assessment

Set objectives, implementation, monitoring and reporting

50
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Climate Change Mitigation Planning

OPERATIONS PRODUCT LIFE CYCLE SUPPLY NETWORK ORGANISATION
Green
Compass Plan

A roadmapping tool to assess and Prioritise T::V‘I’r’f:r’::‘;‘t';’;:S’:’;::Eﬁtm

chart pathways for improving Areas for sustainability transformation. Y

organisations’ environmental Assase improvemght H

R ; 86 . . .
S e rese: Leam e orgaiation's currnt Model baseline environmental impact
= Short introduction to level of environmental o EEEEEEEEEEESN . - . o
Fiso environmental sustainability sustainability a n d I d e ntlfy s u sta I n a bl I Ity h ots pots
.

Prioritise

o9 9 .9 (@) @) O ,
CARBON ENERGY WATER MATERIAL & WASTE
7\ Life Cycle T
Lc Assessment &
~ Costing Platform

GHG Emissions (kg CO,-eq per kg of food)

(LCA-LCC) ‘ R
= B I
ISO-compliant Life Cycle Assessment os 1 os | 2207 | o Bl B B I -
and Costing Platform to perform eco- ‘ TR P . o | B
technoeconomic analysis on o{ mm | 7
organisations, technologies, systems, , I
products and services. ) I I l . . - - s | ;
Life cYcle Annual GHG Emissions for Edch fj?utlll->-\| (kg CO;-eq per capita)
Inventory B
Localisation ' =i . l =
s 0:01s s B o om =W

Contextualised
Life Cycle Inventory

== 51
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Climate Change Mitigation Planning

e e oo B kel ol SN G ey Semin weed o= Model baseline environmental impact
i I . . W v R AR e L sl s and ide ntify sustainabil |ty hots pots.
267.65
- ho 65 ms .
@ 96.44 86.90
g - 3(’_49 218 173 031 0.02
&
= . .
'”"“:?,’;;j:f,,"f"*“ Reconcile production-based and
g consumption-based accounting to
: understand a country’s contribution to
g Scope 35;"\\&‘;‘0-’\\ &ope 122:2”55'0"5 global GHG emiSSiOnSl
£ (500.00)
¢ 937.41 kg
g CO,-eq
8' {750.00) Scope 2 emissions
o 15%
P Life Cycle L -1000.09
r’ - B —
LC Assessment & = s S
= Costing Platform \ = S, i meee [
<« (LcaLco s R
B Crers
. ‘ ord 0.!:':.».‘ 114% (02-+5
ISO-compliant Life Cycle Assessment b |
and Costing Platform to perform eco- e o
technoeconomic analysis on XN
organisations, technologies, systems, oo
products and services. 1 k@ '
o
+114% CO2-eq _— g

Copyright © Singapore Institute of Manufacturing Technology
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Climate Change Mitigation Planning

Decision Support Tool for
Life Cycle Design

Generate design recommendations

by \evTeraging knowleigg on O ererararans Model baseline environmental impact
materia S, processes an esign . . ° O
and identify sustainability hotspots.
elements. Collaboration Platform for y y P
P ot Life Cycle F - “ Industrial Symbiosis (CPIS)
LC Assessment & Energy Efficiency
Costing Platform / Monitoring & . .
N (LCA-LCC) ExMAS ) A nalytics System Reconcile production-based and
(E2MAS) consumption-based accounting to

ISO-compliant Life Cycle Assessment
and Costing Platform to perform eco-
technoeconomic analysis on

understand a country’s contribution to
global GHG emissions.

Enabling energy efficiency
improvement through real-time

C . energy usage signal analytics to i i
organisations, technologies, systems, | ., ghy g gd dy‘[ . Knowledge driven recommendation esuu,y
ducts and : identify hotspots and remedy actions.| and coordination system to facilitate
products and services. ‘ ‘ 5 . .
! 4 discovery and formation of new N + Assess GHG abatement potential
R R S Sas s R S =~ i waste-to-resource value chains. | O- "unt . . . !
 comtcomporene= ] computatonofsconomicparameters_[REH] SUEIINIRORRSASY . = : technological and economic
i . . . . .
: g)r?;‘fc’tluedn" . " Facﬂlﬁy §etup, : it ;i;f;?z:ﬂg;gr%jeﬂfrg;em Future Scenario Analysis (Monte Carlo Simulation) ¢ .. -“ * feaslblllty Of mltlgatlon measu reS.
1 volume, sellin; £ 'l! ey installation cost scenarios am
1 price ranges faciors 0o

%| Profitability optimization for
different use cases such as:
- crop production yield,
= production system

cost estimates,

= introduction of
automation and new
technologies

Example: -
Farm required input nutrients, packaging cost, operation
utilities, labor, rental, maintenance, distribution

L

Somple

1
|
|
|
|
|
1
|
|
|
1
|
|
|
[
|
Sompie3  ——Semple 2 !
|
|
|
|
|
|
|
|
|
1
|
|
|
1
|
|
|

Marginal Cost Curve (MACC)

7.00% 7.00% 7.00%|

10 10 10]
5630000 § 12000000 $ 12,330,000
150,600,000 $ 150,600,000 $ 150,600,000
14320000 $  BA00000 § 2,680,000

91543602 § 986,753,295 § 1,026,479,125
2420.60% 1185.00% 1200.00%|

895.93% 1389.83% 3226.22%|
25.80% 3.01% 22.39%]
008 008 0.09)
05304614 1.083504304 1.07]
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Climate Change Mitigation Planning

Model baseline environmental impact
and identify sustainability hotspots.

Total GHG Emissions of Food in Singapore for Different BAU Scenario

7,000,000 Scenarios (tonnes CO2-eq) N&‘
954 16%

?, 6,500,000 my % 6,395,107 -- '7‘39‘:, " 30 by 30 Scenario ReconC”e RrOdUCtion-based a,nd
& 054 \s 7 “i consumption-based accounting to
@ 6000000 Qoo copte sares T oromBay M e ‘s understand a country’s contribution to
5 & ' global GHG emissions.
‘g 5,500,000
'§ 5,381,435 50% Plant-based Meats
£ 5000000 Scenatlo Assess GHG abatement potential,
2 TNy technological and economic

oo i ieibeasil feasibility of mitigation measures.

4.000,000 ® Fruits and vegetables

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2

< M ¥ f
Year eats, eggs and seafood

Formulate GHG reduction trajectories,
perform uncertainty assessment

Set objectives, implementation, monitoring and reporting

Source: Ecosperity Environmental Impact of Key Food Items in Singapore >4
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https://www.nccs.gov.sg/media/speeches/25-oct-2022-singapore-energy-lecture-dpm-wong/

Climate Change Mitigation Planning

Challenges

Opportunities

Not a one-time
exercise

Modelling uncertainty
Technological limitations

Data quality, availability

Technological innovation and advancement
Business growth and transformation

Internationalisation

It is @ dynamic process that requires
clear, quantifiable objectives, consistent
monitoring and timely iteration

Model baseline environmental impact
and identify sustainability hotspots.

Reconcile production-based and
consumption-based accounting to
understand a country’s contribution to
global GHG emissions.

Assess GHG abatement potential,
technological and economic
feasibility of mitigation measures.

Formulate GHG reduction trajectories,
perform uncertainty assessment

Set objectives, implementation, monitoring and reporting
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INNOVATION & TECHNOLOGY
CONFERENCE 2023

Innovation Through Advanced Manufacturing
Research & Technologies

Moving Towards Green Pallet
for Green Packaging
Ms May Yap

Managing Director
LHT Holdings




“We are always conscious of our role in the conservation
of natural resources. Recycling is one of many efforts that
reflect our commitment towards mitigating climate
change and deforestation”

MOVING
TOWARDS
GREEN
PALLET FOR
GREEN

PACKAGING

Ms May Yap
Chairwoman, CEO & MD

EI LHT Holdings Limited
green pallet for green packaging
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WHAT IS PALLET?

“A pallet (also called a skid) is a flat transport structure, which supports
goods in a stable fashion while being lifted by a forklift, a pallet jack, a front
loader, a jacking device, or an erect crane. A pallet is the structural
foundation of a unit load, which allows handling and storage efficiencies.
Goods in shipping containers are often placed on a pallet secured
with strapping, stretch wrap or shrink wrap and shipped. Since its invention
in the twentieth century, its use has dramatically supplanted older forms of
crating like the wooden box and the wooden barrel, as it works well with
modern  packaging like  corrugated boxes and intermodal
containers commonly used for bulk shipping. In addition, pallet collars can
be used to support and protect items shipped and stored on pallets.

While most pallets are wooden, pallets can also be made of plastic, metal,
paper, and recycled materials.”

Source from Wikipedia

Copyright © 2023. All Right Reserved. LHT Holdings Ltd



https://www.bing.com/ck/a?!&&p=1257ff92cd05b12cJmltdHM9MTY4OTgxMTIwMCZpZ3VpZD0yYmUxMzIzMC01ZGY4LTZkZGUtMWY4ZS0yMTYyNWNhMjZjYWMmaW5zaWQ9NTk4NA&ptn=3&hsh=3&fclid=2be13230-5df8-6dde-1f8e-21625ca26cac&psq=what+is+pallet&u=a1aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvUGFsbGV0&ntb=1
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Green Pallet For Green Packaging

An Environment Friendly and Sustainable Logistics Support For You

= e |
Bl = e S - _oum 'k\ — =

e

Tel: 62697890 (18 lines) Website: www.lht.com.se



MANDATE ON HEAT-TREATED PALLET

Regulation of wood packaging material in international trade

[=] =]

International Standards For Phytosanitary Measures No. 15 (ISPM 15) is
an International Phytosanitary Measure developed by the International
Plant Protection Convention (IPPC) that directly addresses the need to treat
wood materials of a thickness greater than 6mm, used to ship products
between countries. Its main purpose is to prevent the international
transport and spread of disease and insects that could negatively affect
plants or ecosystems. ISPM 15 affects all wood packaging material
(pallets, crates, dunnages, etc.) and requires that they be debarked and
then heat treated or fumigated with methyl bromide, and stamped or
branded with a mark of compliance. This mark of compliance is colloquially
known as the "wheat stamp". Products exempt from the ISPM 15 are made
from an alternative material, like paper, plastic or wood panel products
(i.e. OSB, hardboard, and plywood).

https://en.wikipedia.orq/wiki/ISPM 15

[=]
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Process Flowchart

Wood Packaging Materials that require heat treatment
include Wooden Pallets, Wooden Boxes, Wood Dunnages
and Support Wood etc.

Quality Check )
The conditions of wood products are visuaiir
inspected in the initial stage. Badly infested wood
will be rejected and will not undergo heat treatment
\_process.

( Heat Treatment Process

w Wood Products that passed visual inspection will be
put into oven for heat treatment with ambience
temperature of oven averaging 70 degree Celsius.
Six probes are inserted into the wood core to
measure the temperature. A Data Logger is used

\_to log data for AVA audit purpose.

—

=N
Repeat Heat Treatment Process )
Woods that do not attain a wood core temperature
of 56 degree Celsius for a minimum of 30 minutes
duration will repeat the Heat Treatment Process
_again

G Cooling Process N
On compleiibn of the heat treatrﬁer\rt'process, woods
that have maintained a wood core temperature of
56 degree Celsius for a minimum of 30 minutes

\_duration are left for cooling.

( Stenciling IPPC Mark B

IPPC Mark and Lot ID Control are stenciled onto e °
pallets. Reports are printed for verification by sha
. authorized operator. ) U

=

'

4 ( Storage 2
b The final products are stored in proper warehouse

\_to avoid cross contamination.



https://en.wikipedia.org/wiki/ISPM_15
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EXEMPTIONS FROM ISPM 15

Not all packaging material must be treated to qualify to be used as shipping or
packaging material. Here is a list of materials which are not required to be
treated and are exempt from ISPM 15 laws and regulations.

>

Plastic Pallets - these are most often made from either polypropylene or
polyethylene plastic resin.

Corrugated Pallets (paper pallet) - these are produced using wood pulp,
glue and high heat.

Presswood Pallets - these are made under high temperature and
pressure using glue and solely (recovered) wood chips or sawdust.

Composite wooden pallet blocks - these are made under high
temperature and pressure using glue and solely (recovered) wood chips.

Plywood or Processed Wood - wood packaging made of processed wood
material. These include particle board, veneer that has been created
using glue, heat or pressure.

Source : https://en.wikipedia.org/wiki/ISPM 15

Copyright © 2023. All Right Reserved. LHT Holdings Ltd
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GREEN ENERGY FOR HEAT TREATED PALLET

February 2022, LHT collaborated with NUS on Solar PV System to be installed on
the roof top of heat treatment room.
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GREEN ENERGY FOR HEAT TREATED PALLET

PV Solar System Layout

Copyright © 2023. All Right Reserved. LHT Holdings Ltd



GREEN ENERGY FOR HEAT TREATED PALLET

« Develop dynamic resource planning algorithm for LHT recycling production and waste collection site
« Use solar energy to drive the kiln drying room for pallets’ heat treatment

Energy Management Day | Month | Year 2023
Yield: 16.81 on Consumption: 2:3.98 nvm

s EE

Consumed: 13.61 Myh Fed to grid: hh From P 13.07 Mwh From grid: MWh
B Yield l Consumption ] Consumed from PV

kWh
25,000

20,000
15,000
10,000

5,000

2021 2022 2023

) /4
E Copyright © 2023. All Right Reserved. LHT Holdings Ltd




GREEN ENERGY FOR HEAT TREATED PALLET

# LHT Holdings (NUS-SIMTech)

18.76 ki

Yield today

Battery Gr
PO
[*r
KW
Load

[=]
=
[=]

E Energy Management Manth

3.67 nwn

Total yield

147 o ns)

Standard coal saved

174 {tons)

COz avoided

3.00

Equivalent trees planted

2023-02-01

O Alarm

Critica

Major

hinor

Warning

Revenue

45.81 wwn
Consumption
today

Copyright © 2023. All Right Reserved. LHT Holdings Ltd

Electricity costs (55)

Electricity
rate/KWH

Cost —previous rate
(until 31 May 2022}

Cost —current rate
(wef 01 June 2022)

50.1104

50.3259

Total Solar Energy 3.67 MWH x 0.3259

Revenue = $1196 from Dec22 to Jan 23

*screen shot on 01-Jan-2023




10 Degree Solar

ONLINE ENERGY MANAGEMENT MONITORING

@ English

Plants  System

& darren@lht.c...

Layout

4  LHT Holdings (NUS-SIMTech)

Energy Management

Yield: 86.78

96.17% 3.

Consumed: 8

kw

Device Management

Plant Profile

119.10 v

86.78 1 . 22.41ww
> 5 onsumption
Yield today Total yield ¢l Consumptio A
today
P\ 0 Alarm Plant name
SN oA 8.96 (tons
aRn o0 Standard coal sa
8.410 Critical 0
kw Plant address
<K 1 tons Major 0
A 065 o Total string ce
d Minor 0
AN Grid connectio
Crl s> 15.00
18.280 2
= Lo Equivalent trees planted
— Warning 0
Load
m Month = Year Lifetimg Revenue m Month | Year

Consumption: 119.10 Total revenue 42.20

61.62%
Fedtogrid From PV: 73.39 From grid @ Revenue

t @ Total consumption @ Consumed from PV

20:00 21:00 22:00 23:00

Real Time ,f ||
——T 11 VD
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S/N
1

LHT’s Sustainability Journey Partnering with A*STAR

Project title

RFID enabled pallet leasing and tracking
system (PLTS)

Event-Driven Business Process Management
(EDBPM) system for pallet manufacturing
operations

Carbon Management Programme for LHT
Holdings Ltd

Development of a Pallets and Crate (PnC)
design system for Productivity and
Sustainability

Raw material management system and
business activity monitoring tools

Scope

Design and develop pallet leasing and tracking system
based on selected Gen 2 RFID readers and pallet tags
with EPCIS capability

Reengineer pallet manufacturing processes, design and
develop end-to-end business process management
system to eliminate paper-based transactions
Comparative life cycle assessment analysis for natural
wood pallet and IPPC pallet

Design and develop a 3D Pallet and Crate design system
based on SolidWorks with product knowledge capturing
and reuse modules.

Design and develop raw material management system
based on pallet design, develop business intelligence
report for LHT management

Copyright © 2023. All Right Reserved. LHT Holdings Ltd

Duration

Nov 2008 —
Apr 2010

Sep 2011 -
Dec 2012

Sep 2011 -

Dec 2012

Jan 2014 —
Jan 2016

Mar 2014 —
Apr 2015



LHT’s Sustainability Journey Partnering with A*STAR

S/N | Project title
6

Development of Wood fibre Plastic

Composites (WPC) for packing applications

Energy efficiency monitoring and analysis
(E2MAS) in manufacturing shop floor (pilot

testing site)

Development of a Sustainable and Smart
Production Management  System  for

Automated Pallet Assembly Lines in LHT

Integrated Dynamic Resource Planning

System (IAF-PP)

10

[=]
7.
[=]

2

Development of Sustainable and Smart
Factory Solutions Enabled by Al and Robotic
Pallet Assembly Line in LHT ENVIROHUB

Scope

Develop Wood fibre Recycled Plastic Composite (WPC)
and manufacturing process for forming pallet
components.

Test piloted E2ZMAS to assess LHT’s equipment’s energy
efficiency in real-time and identify hot spots of excessive
energy usage

Enhance LHT pallet manufacturing operations by
connecting shop floor to enterprise system and supply
chain, improving shop floor visibility and implementing
energy efficiency practices

LHT is the industry collaborator for test bedding of
solution from CPPS WP2.5 Dynamic Resource Planning

Develop and deploy sustainable and smart factory
solutions in LHT manufacturing premise, implementing
resource efficiency practices

Copyright © 2023. All Right Reserved. LHT Holdings Ltd

Duration

Dec 2016 —
Jul 2018

Apr 2016 —
Sep 2017

Sep 2017 —
Oct 2019

Apr 2020 —

Dec 2022
Sep 2021 —

Oct 2025



PALLETS AND CRATE DESIGN SYSTEM FOR
PRODUCTIVITY AND SUSTAINABILITY (2014)

Raw material Acquisition

Wood planks Wood cutting and planing Heat Treatment ~ Hardwood pallet

Wood planks needs to be
cut & planed to size.

Tree

» Carbon footprint calculator embedded in 3D pallet and crate design for sustainability
» Comparative life cycle assessment for natural hardwood pallet and IPPC pallet

Laminated veneer lumber

— o IPPC pallet
S Cutting Assembly
Technical wood LVL comes in ready-to-use Carbon Emissions of
sizes, thus there is minimum
cutting needed IPPC pallet reduced

E5E by 35%
) 724
E Copyright © 2023. All Right Reserved. LHT Holdings Ltd



DEVELOPMENT OF A SUSTAINABLE AND SMART PRODUCTION MANAGEMENT
SYSTEM FOR AUTOMATED PALLET ASSEMBLY LINES IN LHT (2019)

= Smart Factory Dashboard lH

Assembly Line Production Monitoring

Automated raw material loading for pallet assembly line

for resource optimization

* Compressed air system (CAS) assessment and suggest
2210 energy conservation measures

* b * Production environment monitoring and control

339

UNIT
19-03-2018 09:25:20

7.83

P

BAR

19-03-2018 09:26:09 19-03-2018 09:26:09

19-03-2018 09:26:10

i Pallet Counting

Air Pressure © ™ Air Flow o | Energy Consumption ©

CAS Energy Conservation

Auto Assembly Line Environment Monitoring

Energy Conservation Measures Calculation

46 L

Situation

31.02

[ S

C UG/M*3 ) Reduce Air Leaks 37.79% leakage 58,658.83 27.612.41 5,798.61
19-03-2018 09:26:08 19-03-2018 09:26:08 19-03-2018 09:26:08 2k
v Reduce System 1 bar higher than 4,720.63 4,720.63 991.33
W Temperature Humidity © ™ A Stesae. | thennd
[ dl _— — v Add Storage Receiver not 7,761.61 7,761.61 1,629.94
£ Volume / Enough
Manual Assembly Area Environment Monitoring Pressure-Flow
Control
Use Load / No Control 13,272.13 13,272.13 2,787.15
30 02 71 65 77 8 Unload Control
. 0 : ‘))) ! Summary needtotake  84,413.20 53,366.77 11,207.02
o] %RH DB UG/M*3 AR
19-03-2018 09:26:07 19-03-2018 09:26:07 19-03-2018 09:26:08 19-03-2018 09:26:08
Annual Energy Annual Energy
Consumption(kwh): Bill(S$):32,598.75
Ml Temperature Humidity © ™ sound Level 155,232.13

E E Source: SIMTech project report 2019
) 724
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INNOVATIVE PROCESSED PRODUCT CONVERSION SERIES

LHT innovative processed product conversion (IPPC) used 50% to 100% technical woods / block as components,
which are made from its waste wood recycling plant that produce the “World First Pest Free” pallet. The Pest-
Free pallets have lower carbon footprint and exempted for heat treatment process, hassle free entry to all
countries’ quarantine that enforcing ISPM 15 implementation.

d £51
y )
i
ll"' X - *
o g o W0\ 1
o W | . \
im a9 -

035 001
Made From
Recycled Materials

LHT Holdings Limited
Copyright © 2023. All Right Reserved. LHT Holdings Ltd H green pallet 6"" green packaglng




TOWARDS NET ZERO MANUFACTURING (1 MINUTE)

By teaming up with, and helping companies that have integrated

Copyright © 2023. All Right Reserved. LHT Holdings Ltd



global warming
climate change
extreme weather
melting glacier
sea levels rising

8 ~ —

e S 5

LHT '

Honinqs Lim}ted

green pallet for green packaging |



INNOVATION & TECHNOLOGY
CONFERENCE 2023

Innovation Through Advanced Manufacturing
Research & Technologies

Helping SMEs Win at Sustainability

Mr Allan Lim
Founder
Alpha Biofuels




energy from waste

Alpha Biodiesel

Sustainable Fuels From Waste Cooking Oil




About Alpha Biofuels Pte Ltd

e Only biodiesel company manufacturing and supplying Biodiesel in Singapore
» All feedstock are made from waste cooking oil

Sectors at we serve

e Land Transport
e Marine Biodiesel
e Marine application

Our biodiesel is manufactured to EN14214 standard

e Compliance for use with all Euro engine (including Euro 6)

Certified sustainable by ISCC.EU- since 2017

Currently the only locally made biodiesel provider in Singapore
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Alpha Biodiesel in Marine Bunker &
e

energy from waste

THE STRAITS TIMES

Big bulk carrier sails from Singapore to South Africa on
fuel partly converted from used cooking oil




Alpha Biodiesel in Formula ONE

THE STRAITS TIMES

More green initiatives at Singapore Grand Prix to
reduce carbon footprint of Fl race

e —————
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What is Biodiesel?

*» Biodiesel isa renewable, biodegradable fuel manufactured domestically from
vegetable oils, animal fats, or recycled restaurant grease. It is a cleaner-burning
replacement for petroleum diesel fuel.

* Biodiesel, which is most often used as a blend with regular diesel fuel, can be
used in many diesel vehicles without any engine modification.

* Biodiesel improves fuel lubricity and raises the cetane number of the fuel. One
advantage of biodiesel is that it can impart satisfactory lubricity to diesel fuels
at blend levels as low as 1%.

 Biodiesel made from waste cooking oil is better than biodiesel from palm oil
because it reduces waste and greenhouse gas emissions, while palm oil
production may cause deforestation and habitat destruction.

Source : U.S Department of Energy — Alternative Energy Data Center
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Life Cycle Emission of Biodiesel atpia

energy from waste

- Lifecycle greenhouse Pa = === e
emissions refer to the e Ay mw sy | s
total amount of

greenhouse gases a / N

TRADITIONAL RENEWABLE
PETROLEUM DIESEL BIODIESEL DIESEL

emitted during the L ! l
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Life Cycle Emission of Different Type of J/

-

Diesel/Biodiesel i

energy from waste

Fuel Type Life Cycle GHG Emissions (g CO2e/MJ)
UCOME (Used Cooking Qil Biodiesel) 273

PME (Palm Oil Biodiesel) 62.0

Fossil Diesel 94.6

Note: UCOME refers to Used Cooking Oil Methyl Ester and PME refers to Palm Oil Methyl Ester

These values are approximate and may vary depending on various factors such as feedstock sources, production methods, and transportation




Biodiesel Quality

eeeeeeeeeeeeeee

- Biodiesel is tested to En14214 standard

- Blend with EN950 compliant fossil diesel from B1 to
B99 (B1 = Biodiesel 1%, Fossil Diesel = 99%)

- All sustainable biofuels must comply with ISCC.EU

in order to be considered for carbon offset

®@)scc




Tailpipe emissions test of
engine using Alpha Biodiesel

Tailpipe emissions (kg/km) Diesel Biodiesel Percentage (%) change
SO, 1.90E-04 3.22E-05 —83.02
NO, 1.98E—-03 2.04E-03 3.02
CO; 5.61E-01 5.77E-0] 2.94
CcO 2.99E-03 2.38E-03 —20.36
Total PM» s and PM,q 2.04E-04 1.06E-05 —04.80
NMVOC 1.60E-03 7.53E-04 —-52.93
CH, 7.90E-04 7.86E—04 -0.52

of Manufacturing
Technology

SIMTech

Singapore Institute




Net life cycle emission of Alpha

Biodiesel

Net life cycle emissions (kg/km) Diesel Biodiesel Percentage change

Net life cycle SO; 5.01E-01 3.43E-05 —99.99

Net life cycle NO, 7.99E—02 1.64E—03 —97.95

Net life cycle N,O 9.02E-06 3.53E07 —96.08

Net life cycle fossil fuel CO, 9.41E-01 4.31E-02 —95.42

Net life cycle CO 2.02E-02 1.91E—-03 —90.54

Total PM, 5 and PM,, 1.42E-01 1.35E—05 -99.99

Net life cycle NMVOC 7.23E-03 6.13E-04 —-91.52

Net life cycle CH4 4.28E-03 7.58E-04 —82.28
Singapore Institute
of Manufacturing
Technology
SIMTech }7
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Key Challenges in Biodiesel for Business J
ALPHA

energy from waste

- Carbon is a burden

- Sustainability transformation is not the same as digital

transformation

- Longer and Bigger investment is necessary without

surety of uplift in business
- No clear winner or business model to follow

- Some changes are highly disruption and operationally
difficult




Helping Business Win with Sustainability

» CASE Study : (Bollare — Richland Logistics)

- FMCG company wishes to decarbonize a part

of the logistic route as the product transship

via Singapore Ports

- NETT Life Cycle CO2 needs to be presented
and attributable to all products carried under

this initiative >
i
- Product haulage is once every 2-3 days using

trucks




Helping Business Win with Sustainability

» CASE Study : (Bollare — Richland Logistics)

.- Solution

- ldentify Key requirements and objectives
of decarbonization (modality, accounting

and accreditation)
- Calculate the LC GHG for each modality

- COST Vs GHG Reduction




Using Alpha Biodiesel to reduce GHG
emissions

Alpha CO2 eq calculationsfor
biodiesel blend

Therefore for 1 liter of B20
Source :ISCC 2017 default values SHSIEESIEERC IS IS

UCOME (Biodiesel made from 20% of diesel is replaced by B100 UCOME
waste cooking oil)

For every litre

Specific emission=14 g CO2eq/
M) UCOME content. =0.2 litres

% Abatement GHG = 83% Energy capacity of UCOME = 35mj/l

. Total MJ replaced = 35 X 0.2 - 7M;j
Therefore 1 mj of UCOME will abate 83% of 82.3G CO2eg Total GHG abated = 7 X 683099 CO2 €4
of GHG * =478.163 g CO2 eq per liter of b20 used

= 68.309 gCO2eq per 1 mj of diesel replaced by biodiesel.

*Actual figures for Alpha Biofuels in Accordance to ISCC audits 2022




Helping Business Win with Sustainability

» CASE Study : (Bollare — Richland Logistics)

- Implementation

- Low Dose Steady State

- Cost Efficient Operating model that

minimizes down time

- Tracking and Traceability




ISCC.EU Proof of Sustainability /

ALPHA
biofuels

energy from waste

Proof of Sustainability { PoS) for Biofuels and Bioliquids

tothe Renowabie Enangy Diraxive (RED) ard e Fud Oty

fror Bohud s and bidiad s acor

L“’ e 'HI‘” /f’@ ISCC
Proof of the origins and the
traceability of the feedstock

Declare by the certificate
holder

Audited annually

2. S\stanahity criteria dthebounassaeeou:lngblrteh 17 RED:

The mw material comples WEh the 5 LatinabilRy critoria accordng to Art. 17 (3). (4] and (5} RED Yo r_'] No
ine n =, .t was Lon

T
e eodrarats @ EQC rdte RED. ot e )LJ ¢ 5O s NI 3oy Dodo Leac b (Z-JJJ




INNOVATION & TECHNOLOGY
CONFERENCE 2023

Innovation Through Advanced Manufacturing
Research & Technologies

Developing Sustainable Industry Spaces
for Singapore
Mr Kevin Emanuel Suhartono

Senior Engineer
JTC




. Jurong Innovation District

Developing Sustainable Industry Spaces for Singapore

Kevin Emanuel Suhartono
Senior Engineer, Sustainability Department, Future of Building and Infrastructure Division

Innovation & Technology Conference 2023
27 July 2023



Introduction to JTC

JTCrSummit 3
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Master planner,
developer, and
a valuable partner.

A government agency under the Ministry of Trade and Industry,
JTC was founded in 1968 to grow Singapore’s manufacturing
landscape and support the nation’s economic goals.

We build industries and develop clean, green, and smart estates so
that Singapore stays innovative, dynamic, and sensitive to global
manufacturing trends.

We also foster vibrant ecosystems, bringing businesses and
communities together in an environment that nurtures ideas

shaping the future.

NSNS
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JTC through the years.

Since the 1970s, our efforts cut across the entire building & infrastructure value chain,
from planning & design, to construction and to operations & maintenance.

Jurong Industrial Estate Jurong Island, Wafer Fab one-north & Seletar Aerospace Park, cluster Innovation
Woodlands Estate Parks development Districts

2020 and beyond

Our transformation journey over the years

98



JTC at a glance.

88% 7,000 ha The choice of Fortune Global 500 companies

of Singapore’s of industrial land
industrial land owned developed

by JTC a Abbott (@ AirLiquide

QL e#aemnve QPINT>  ExonMobil FUﬁTSU

13,000 @& HyunoAl g4icron NEC @
customers across
various sectors )
@ SIEMENS i
Unlover

5.32
million

sgm
of allocated
ready-built facilities

Figures are as of June 2021



We wear many hats.

JTC is more than just an industrial landlord. In fact, we play several key roles to catalyse the growth of new industries and transform
existing enterprises:

Wz
- \“h

Matchmaker for talent

We develop infrastructure to Our estates are testbeds where new Going green is a collective effort. We facilitate industry-academia
support the growth of advanced prototypes or game-changing We work with our partners to roll collaborations and organise industry
manufacturing and work with solutions can be trialled and scaled. out initiatives that move the needle days to nurture tomorrow’s talent.

companies to encourage To accelerate digitalisation in the on sustainability.
Industry 4.0 transformation. Built Environment sector, we are

Advocate for manufacturing

early adopters of technology.
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We drive the
progress of

manufacturingin @  emm=mg ™

city-state.

From industrial estates to business
parks, our vast network of
developments form the backbone of
Singapore’s thriving manufacturing
landscape.

Situated along strategic belts across the
island, they are also near key transport

nodes, offering connectivity to the rest

of Singapore and beyond.

Seletar Airport Changi Airport
2 2
=) =

Woodlands

Punggol Digital District
Seletar Aerospace Park

T e————

Jurong Innovation District

Tampines & Pasir Ris
Wafer Fab Park [

‘ Industrial Estates
@ Business Parks
@ New Districts under Development

Future Tuas Port Pasir Panjang Terminal
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ldeate, innovate,
create — re-thinking
industrial estates.

573 s s e

Our extensive suite of properties is designed with ever-evolving
market demands in mind.

Small and Medium Enterprises (SMEs) can look forward to
having their needs met at spaces built for general industrial
trades, while specialised industries are supported with
infrastructure that boast high specifications. By clustering
companies from a sector together, we aim to nurture
ecosystems that facilitate collaborations between like-minded
partners.



Transforming the
industry is a joint
effort - we catalyse
partnerships.

From aviation to biopharmaceuticals, electronics to
info-comm, Singapore’s key industries are housed in
conducive environments where they can thrive.

- [ey—

of what we do. We identify practical synergies in
industries to foster business relationships, spark
innovation and create value.

Bringing like minded people together is at the heart | - r

_5 21 i1 “ !‘ad

One such example is Jurong Island, a world-class

destination for refining & chemical manufacturing. It .
is also a meeting point where its tenants can uncover Jurong Island
synergies between their various operations.




Sustainability & Innovation in JTC
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Singapore Green Plan 2030.

@ GREEN PLAN

Climate change is a global
challenge, and Singapore is taking
firm actions to do our part to build
a sustainable future.

The Singapore Green Plan 2030 is a
national sustainability movement with
ambitious and concrete targets, which
builds on our existing climate
mitigation and adaptation measures.

It is a living plan which will evolve as
we work with Singaporeans and
partners from all sectors to co-create
solutions for sustainability.

Our collective action will make a
difference. Let's build a greener and
more liveable home together.

1. City in Nature

A Green, Liveable and Sustainable Home
# Add 1000ha of green spaces and 160km
@ Every household will live within a 10-min

@ Plant 1 million more trees across

)—Q)a.\
‘

2. Sustainable Living

Strengthen Green Efforts in Schools

@ Work towards two-thirds reduction of net
carbon emissions from schools sector by
2030

@ At least 20% of schools to be carbon neutral
by 2030

Green Commutes

@ 75% of all trips to be on mass public
transport by 2030, up from 64% today

@ Triple cycling path network to 1,320km by
2030 from 460km in 2020

Green Citizenry: Less waste and consumption

@ Reduce amount of waste to landfill per capita
per day by 20% by 2026, with the goal of
reaching 30% by 2030

@ Encourage water conservation and water
efficient practices for households and

industries

3. Energy Reset

Cleaner-energy Vehicles

& Require all newly-registered cars to be of
cleaner-energy models from 2030

& Expand network of electric vehicle
charging points to 60,000 by 2030

Sustainable Fuels

@ Promote sustainable fuels for international
trade and travel

Greener Infrastructure & Buildings

@ Raise sustainability standards of our
buildings through the next edition of the
Singapore Green Building Masterplan

Sustainable Towns & Districts

& HDB Green Towns Programme to reduce
energy consumption in HDB towns by 15%
by 2030

Green Energy

@ Quadruple solar energy deployment
by 2025

& Green Singapore's electricity supply by

tapping on cleaner electricity imports

4, Green Economy

Sustainability as New Engine of Jobs

and Growth

# New Enterprise Sustainability
Programme to help local enterprises
adopt sustainability practices

# Develop Singapore as a carbon services
hub, and as a leading centre for green
finance in Asia and globally

# Develop Jurong Island to be a
sustainable energy and chemicals park

New Investments to be Carbon

and Energy Efficient

# Seek out new investments that are
among the best-in-class in
carbon/energy efficiency

7 .
N

5. Resilient Future

Safeguarding our Coastlines

against Rising Sea Levels

& S$5b dedicated to coastal and
drainage flood p ion

@ Complete engineering design &
implementation plans for coastal
protection measures at East Coast,
Lim Chu Kang, Sungei Kadut, &
Jurong Island by 2030

Safeguarding Food Security
@ Produce 30% of our nutritional needs - ~
by 2030 by growing our agri-food =8 e
industry through key strategies, -
including developing land and sea
space
Keeping Singapore Cool MTI e
& Moderate the rise in urban heat with
cool paint and by increasing greenery

Jointly led by:

5 la

www.GreenPlan.gov.sg
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Sustainability at the heart of what we do.

SG Green Plan y

JTCESC
Tracks

As a sustainable developer, we strive to adopt environmental sustainability as a core principle, value pillar

and strategic differentiator in our industrial estate development and operation and our partnerships with
our customers

Our sustainability efforts cut across the entire building & infrastructure value chain
- from planning & design, to construction and to operations & maintenance

m Energy Reset Sustainable Living Resilient Future

' ™
' ™
gu SF;EF;::: :::llt; Sustainable Operations Renewables for Industry
Y Desi ng Construction Optimization Green Energy Partnership
g A
@ R&D Q Communication Policy Procurement EE::?:E; G Flagship Estates
L - ’ A
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Our drive towards Sustainability.

Our sustainability efforts cut across the entire
building & infrastructure value chain. By taking a
WHOLE-LIFE-CYCLE APPROACH to
sustainability we ensure that this mindset is
imbued into the entire spectrum of JTC’s work
from Planning & Design, Engineering, Operation
and Maintenance, to Redevelopment

JTC's Sustainability Committee (SC) ensures
Environmental, Social and Governance (ESG)
aspects are calibrated in workstream processes

This sustainability framework will evolve over
time as we roll out more initiatives/projects in
future.

Sustainability
Value Chain

e
Resource Renewab\
anagement Enerey

Innovation

Wheel of Sustainability
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JTC Green Plan 2030.

1/

r.-B Development Carbon

@/ Reduce development carbon of
new construction projects
compared to their conventional
equivalents by 2030

Development Carbon

Manufacture, transport and
installation of construction materials

Operations & Maintenance Customer Engagement

aﬁ

@ Reduce operational carbon @ Reduce carbon footprint of

intensity of our buildings the industry through
by 2030. customer engagement

Operational Carbon Eﬂ Industry’s Carbon

Industry’s Carbon

Tenants’ and lessees’ economic activity

Operational Carbon

Building energy consumption

Real Estate Life Cycle

HHHE Total Carbon
@ Reduce our

>~  organizational caron
footprint by embarking
on green initiatives.




Whole-life-cycle Approach
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Sustainability in Planning & Design.

Design considerations for climate resifience

Estate

Infrastructure

 Through our Urban Design Guidelines
(UDG), sustainability is adopted as a key
design principle

* One such example is how JTC has
incorporated green mobility and car-lite
into the planning of our estates.

Punggol Digital District Campus Boulevard integrate SIT and JTC

JTC wins the Best Car-Lite Advocate Award in the
Land Transport Excellence Awards (LTEA) 2022.

*  Our sustainability criteria are enshrined in

our Infrastructure Design Requirement
(IDR) for a wide spectrum of infrastructure
projects

« JTC's work also covers coastal and

offshore areas; we actively ensure the
preservation of marine biodiversity and
ecosystems

Grow-a-Reef Garden Project
(a joint JTC-NParks-Garden City Fund project)

JTC co-developed and built eight ecosystem-
enhancing reef structures, which currently house
1,636 coral colonies of various biological classes

JTC incorporates a green building design
approach in our Building Design
Requirement (BDR) which includes the use
of resource-saving features to improve the
sustainability performance of JTC buildings

We have been certified Eco-office Plus
Champion since FY2020

Champion
Presentod o
JTC Corporation
T Rosd, The JTC Swrmenit,
K¢ Sonoretaing excedenco i accoedance 1o SCC o Koo ONce asscssment Tame s
Validity pariod. 20 Augest 2020 < 19 August 2022

i

g..ua-«h
Lengaiine Lr oy svvet Covrel

55_-_..;

A Certified Eco Office Champion

Building
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Flagship Estates carved for Sustainability.

Walking to green talk

JURONG INNOVATION DISTRICT
(JID)
Advanced Manufacturing, 440 ha
(excluding NTU)

PUNGGOL DIGITAL DISTRICT
(PDD)
Digital & Cyber Security, 50 ha

. |

y P
4% L
Paxa I.ePar iPark / B
— f . ¢ w Changi Busine'ss Park
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Whole-life-cycle Approach

112



Sustainability in Engineering.

Sustainable Construction

JTC partners companies and Institutes of Higher Learning on R&D in the area of sustainability e.g. sustainable
materials and tools to transform and decarbonise the construction industry

FiroShield: Fire and Corrosion Resistant Coatings for Steel Structures FasRaP: Fast Wrapping Fibre Reinforced Polymer to Reinforce
Structural Elements and Increase Resilience Against Blasts
Key Benefits:

» Atleast 50% cheaper than conventional coating Key Benefits:
* At least 50% less time to apply *  Save 50% manpower
»  Slows the spread of fire for 2 hours to allow building’s occupants to s Save 30% overall cost 113
escape » Easy application on site, suitable for existing, occupied facilities
* Only 5 mm thick with excellent adhesion (increase productivity)
* No requirement of sand blasting and multi-layered coatings e Factory controlled quality (less reliance on skilled workers)

e Can be spray painted in factory (DfMA)




Sustainability in Engineering.

Sustainable Construction

Maintain safety and quality -
while striving for sustainability:
Focused on reducing upfront
embodied carbon emissions
through the use of sustainable
materials and best construction
practices & processes.

Mitigate

BIM-based Embodied Carbon Calculator: To
formulate tools to transform and decarbonise
the construction industry

Key Benefits:

» Integrate in BIM modelling based on localised
carbon database

* Formulate embodied carbon accounting
standards and raise awareness of carbon
impact of building materials

Please scan the =
QR code to try E

JTC SemiconSpace with CarbonCure:

JTC worked with both the main contractor and Pan United
to implement the use of CarbonCure concrete as an
alternative to conventional concrete at JTC SemiconSpace
@ The Tampines Wafer Fab Park, thus reducing the amount
of cement use and the concrete’s carbon footprint.

Application of Municipal Solid Waste Slag in Construction:

Utilising MSW slag, a e Qe
byproduct of a new waste
processing method to be
used as a sand replacement
in concrete elements such

Slagging
Gasification
Technology

as footpaths.




Sustainability in Engineering.

Achieving Greater Sustainability through Solar

Integrated Solar Generation =~ Mobile Substation
with Farming  with Portable Solar Panels

Partnering Terrenus Energy to testbed Piloting mobile PV systems to improve
multi-functional use of PV spaces deployment speed and versatility

s

- _— i -

« JTC's solar initiatives aim to produce and utilise more solar energy
in order to reduce Singapore’s grid dependency on the burning of
fossil fuels

* One such example is the SolarLand programme which has been
generating solar energy to the national grid via the installation of
solar PV panels on vacant land since May 2019

* Since land is scarce, JTC is exploring offshore floating solar
deployments with industrial partners at its waterfront.

e JTC has also embarked on solar-related innovations aimed at

improving the solar yield, increasing flexibility of deployment, and SN N |\\\\\§f‘ﬁl-
maximising the use of limited land and roof space S — \
3 K % T | W g
'_.l'. Automating labour intensive tasks that Achieving quick and reliable solar fault
‘ - |.E boost productivity and power gcncra.tion detection using drones imd sma.rt vision
G0goesy T a® Please scan the QR code for Autonomous PV Cleaning  Solar PV Inspection with

Robots Drones & Al

- more information about our

solarisation efforts,

: JTC’s solar-power innovations




Sustainability in Engineering. urong lsfand RFP

JTC Solar Initiatives - Timeline Off-shore solar
SolarRoof Phase 3

SolarRoof Phase 2 2023 & Beyond
June 2022
SolarLand Phase 2 SolarLand Phase 3
. Feb 2021
@ Changi Business Park
SolarLand Phase 1 I Oct 2020
Jurong Island I Jan 2020 ot
Feb 2018 3

SolarRoof Phase 1

I June 2017

Tk T e )

.......

In total, more than 100MWp of solar installation capacity has been progressively installed across JTC’s land and rooftops

Beyond Solar
g JTC Solar R&D £ Y

* Mobile substation for * PV + farming, PV at site » Hydrogen as a fuel,

o ) quick deployment of PV office storage, carbon capture
Driving collaborative and * Smart inspection for « Transformation of and transportation
practical R&D efforts to reliable solar energy existing infrastructure to * Other renewables

generation support smart system

build new capabilities for

JTC and the industry Near term (~3yrs) Mid term (4-6yrs) Long term (7yrs~)




Sustainability in Engineering.

JTC'S Solar Initiatives - Broadening our Leseess’
Access to Renewable Energy

Land & Land_Based Facilities .‘. ----------------------------- ,“

. Dec 2022
- One-off Incentive to
JTC launched mandatory JTC extended SolarRoof - eligible tenants for solar
solar deployment scheme Programme to lessees : deployment

L |
. S
sssEEEEpEEEEEEEEEEEEEEEEEEEEES \d

O
= M I

Solar deployment carried out by JTC lessees on their own initiative. No fee required for the lessees to apply for JTC's consent.

Voluntary solar deployment

Mandatory solar deployment

Applicable for new lease allocations, lease renewals, launches and tenders at JTC
industrial estates which fulfil a set of criteria.

SolarRoof Programme

Extension of JTC SolarRoof Phase 2’s demand aggregation
scheme to JTC lessees interested in solarising their properties’
rooftops & various engagement to promote the programme

As of June 2022, more than 200MWp of solar panels have been installed across JTC’s lessees rooftops



0 Whole-life-cycle Approach
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Sustainability in Operation & Maintenance.

Operations Optimisation

« JTC adopts a sustainable building operation
approach and focuses on managing and reducing
energy and water consumption, as well as waste [©)] :
generation in our estates. oA -

= ’["
Intelligent

Buildings

Smart
CarParks

« JTC has also developed our own smart estate
management systems, such as the Open Digital
Platform (ODP), to enable smart services and
integrated operations.

« The ODP connects different district management
systems on different communications technologies
and optimises building operation according to the
real-time data.

RN
.....

Key Features of the Open Digital Platform
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Sustainability in Operation & Maintenance.

Providing test-bed sites and invests resources in our drive towards sustainability

Super Low Energy Building Demonstration at JTC Summit

Trying new technologies and solutions to achieve 15% improvement over today’s best in class

Objectives:

\\fp) 3

I

» Demonstrate potential of achieving SLEB PDV

for retrofitting

| -
g5

NALA Lighting

Vortec Fan

> Demonstrate cost effectiveness for
proposed solutions/technologies

Smart Control

. . EC Fans for AHU
» Demonstrate ease of integration to

existing building systems

Solar Film

» Scalability and applicability to other office
spaces

» Test optimal office configuration for low
energy use profile, user
comfort/productivity
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Sustainability in Operation & Maintenance.

Uncovering & exploring innovative cooling solutions

Model Predictive Control (MPC) [&ﬁ@r ______ T pr—
System for Building Automation and P Y {: o ic.‘..w.c. : [l ]
i Suppiy s | () | [T [Pime A TR T |breshe
Control (BAC) - t ==t 04
The MPC system aims to optimise the : | D’P) y el T T
building energy consumption and occupants rﬁ'“;—‘jfg_% ||| fproom Hosoims é e B
comfort (thermally) through adaptive control | .u. I | {1 o 5 o
with multi-objective functions . The current : : : caEEE - 5:’;"
pilot test at JTH shows promising | | .. |lo : Qe Quurnd
preliminaries cooling and lighting energy : s, | || @ i B
savings.
Comfy App

On demand cooling for your comfort

Comfy is an APP which can command the Building
Management System to temporary increase the

|||\

airflow at the user location for 10mins. Example: A - %
person who came back from lunch could use Comfy  i0S/ Android Buiding

to help him cool down faster by increasing the Compatible Management
airflow at his desk The Comfy App interface give ’ :mg;e,ﬂ;ff controlat Sysiem sysiom

the user immediate control of air flow to bring

. . User interface
instant cooling on demand.

Test zone

Operable wall

Partition

Glass partition

Blinds controlled by MPC t

Controlled systems:

= ACMV (FCU, PAU,
motorized diffuser)

* Lighting (dimming)

(Level 3)

* Blinds (blind position)

nn

Variable Air Volume

box is adjusted to

control airflow for
10 mins

Test site - Civil Service College
@ Jurong Town Hall Building

TrendAnalysis
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Sustainability in Operation & Maintenance.

Leveraging technology in maintaining our solar panel systems

Hydropanels & Robotic Cleaner Solar Analytics with Drones
Hydropanels allows water to e Using drones to scan solar farm in RGB and
sustainably without the need potential defects
of constructing water e Save manpower costs and time in identifying
infrastructure. This water is defects in large solar installations
used for the solar panel  Mitigate risks of work-at-height for solar
robotic cleaner. rooftop installations

* I|dentify defects to enable JTC to improve plant

yield and safety of operation and maintenance
Robotic Cleaner. o .

e use of mobile cleaning
robot to clean the solar
panels regularly,

* less workers are needed
to clean large area of
solar panels and the time
required will be
significantly shortened.
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Sustainability in Redevelopment.

A Closed-Loop Process for Design and Development for Old JTC Estates and Buildings

The envisioned outcome is a potential change from existing development cycle to a closed-loop process
for design and development

» Plan for land /space » Design for

requirements high .
adaptability » Design for
A~ 1. extended lifespan

» Design for
development

cycle ;
- - T cture
: | Jemy
. = LIFESPAN E : » Design for
ADAPTIVE REUSE EXTENSION DESIGN NEW disassembly &
«  Natural sl OF OLDER - MATERIALS BUILDINGS TO -
i B | DING . RECOVERY ENABLE
deterioration = 4« CARBON
4 /STRUCTURES TRACKING ADAPTIVE REUSE
= W . REGULATORY
= SANDBOX
+ Outgrowth of F188 Products with
demand or | reused/reusable
changing market e, for » Selective content or CO2
redevelopment demolition / neutral/negative
adaptive reuse
Traditional development cycle (open Loop) Future development cycle (closed Loop)
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Sustainability in Outreach and Partnerships.

Industry Partnerships

Green Compass: A Sustainability Transformation Guide for Businesses

« Co-developed by JTC, A*STAR and TUV SUD, the Green Compass offers a set of assessment tools, methodologies, and training
workshops to help companies navigate towards environmental sustainability improvements.
* It help companies to measure their sustainability maturity, identify gaps, and formulate improvement pathways in alighnment with their

business strategies.

A A . Benefits of sustainability to businesses and industries OPERATIONS PRODUCT LIFE CYCLE SUPPLY NETWORK ORGANISATION
gency ror
Science, Technology v Future-proof operations against supply-chain, -
a"d Research resource or demand-side shocks =0
Prioritise The organisation’s roadmap to
SINGAPORE . . —_ environmental sustainability
v" Reduce costs through jmproving environmental Areas for sustainability $98 formation.
sustainability and consuming less resources Adsoss improyengpt §
) . Learn The organiza?on’s current
v Increase revenue streams by improving Short introductionto  level of environmental
visibility among customers and partners that environmental sustainability sustainability
value sustainability

~

1. Lack familiarity with sustainability concepts

Unclear how to get started
Lack a systematic approach to identify opportunities

and high-impact initiatives CARBON ENERGY WATER MATERIAL & WASTE

BUILDING INDUSTRIES
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Creating Greenery and Biodiversity Together.

Create more green spaces and enhance biodiversity to build more conducive industrial estates

Tree planting @ Jurong Island

. A - | [ ]

Tree planting @ SAP

i T
"BV e

Coral Reef Garden @ Sister Island

- -

P
‘&.‘

JTC collaborated with NParks and
stakeholders at Jurong Island to
plant 34,000 plants on the island
since 2020 to enhance the
environment — more than
guadrupling the tree population
on the island

Partnered with companies for tree
planting a Seletar Aerospace Park
(SAP)

Lessees can contribute physically
or monetarily

Pledged money is used for tree-
planting in their estates

Led the construction of underwater
structure to restore natural reef
habitats

Reached out the industrial
community to encourage corporate
ownership on Singapore’s natural
biodiversity heritage

Jurong Eco-Garden at CleanTeck Park @JID

Plan with local context and augment
existing natural assets

Digital planning based on virtual site
analysis on hydrology, greenery
topography

Refurbishment of The Oval @ SAP

The refurbishment of the Oval in
Seletar Aerospace Park (SAP), an
airplane-theme park for exercise,
leisure and dining

Allow natural growth of ecosystem
and biodiversity within the estate

waterbody to mitigate flood at JI due
to climate change

Plant and monitor 25,000 shrubs and
1,500 trees to promote biodiversity
and function as carbon sink



JTC drives collaborative R&D for Singapore’s

BE sector.

Start-ups &
SMEs

Public
Agencies

OEM
Suppliers

Contractors
&
Consultants

Practical research by triple-
pronged approach to push for
adoption:

\ Collaborative approach to bring
% various parties in the Built Environment

value-chain together to develop R&D

D) .
solutions.

Facilitate regulatory approval
with testbeds

Promote market acceptance by forming partnerships
with industry players.

Adapt overseas technology into Singapore’s context to
avoid duplication
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Sustainability and Innovation Partnerships

for Progress.

CHALLENGE 2022

Organised by Supported by

& Enterprise
Singapore

I JTC INNOVATION

An Initiative by

nterpri
Building and Construction #L: hhhhh ¥ Esiﬁg%rl!)sgre & SG :D Erf‘.qug:!.;‘\ﬂomTION

PROTOTYPICAL
FESTIVAL &

NNNNNNNNNNNNNNNNNN

J _——
y

»
-

JURONG3SLAND
INNOVATION =

CHALLENGE®0?1 i

For more
information
8 about JTC's
i innovation

- platforms, please
"= scanthe QR
code
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https://www.facebook.com/jtccorp/
https://www.instagram.com/jtc_sg/?hl=en
https://sg.linkedin.com/company/jtc-corporation
https://www.facebook.com/jtccorp/
https://www.instagram.com/jtc_sg/?hl=en
https://sg.linkedin.com/company/jtc-corporation

INNOVATION & TECHNOLOGY
CONFERENCE 2023

Innovation Through Advanced Manufacturing
Research & Technologies

Recent Developments in Offshore
Renewable and New Energy and its Relevance
to Advanced Manufacturing

Dr Ang Joo Hock
Assistant Vice President, Technology & New Product Development

N\ Seatrium




Recent Developments in Offshore

Renewables & New Energy &
Relevance of Advanced Manufacturing ii

Dr Ang Joo Hock

Assistant Vice President

Technology & New Product Development
Seatrium Ltd

27 July 2023

é Seatrium

Engineering Our Future Together
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A=\ Seqatrium

Presentation Outline

1 Introduction of Seatrium

2 Urgency of Global Transition Towards A Low Carbon Economy

3 Recent Developments in Offshore Renewables and New Energies
4 Advanced Manufacturing as Enabler to Low Carbon Economy

5 Future Potential of Robotics & Artificial Intelligence in M&O Sector
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A transformative Combination of Sembcorp Marine and A _
Keppel Offshore & Marine = Seatrium

=3 sembcorp [ETTT] Offshore 2 Seatrium
— marine & Marine

Creation of a premier global player offering offshore renewables, hew energy and cleaner solutions in the
offshore & marine sector

World-class engineering capabilities, global operational capabilities, well-established track records

Capitalising on the Energy Transition

b 4

Accelerate Strategic Pivot into High-growth Renewable and Clean Energy Segments

Further diversify business portfolio to extend into new areas of renewable energy, electrification, gas value chain, ocean
living, as well as carbon capture and storage solutions

Well-positioned for global transition to a low-carbon economy

External



Global Scale and Operating Platform 2= Seqatrium

The reach and platform to capitalise on the global energy transition

Combined Entity will be able to immediately realise economies of scale, and be strategically positioned to seize opportunities in

the improving industry landscape

Q. NORWAY
Q uk
¥ CHINA Q) Q JArPAN
iNDI
SINGAPORE Q& ) PHILIPPINES
INDONESIA
Q srAzZIL
> S$20bn >40 ~28.000
Net Order Book Ongoing Projects Combined Workforce
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Comprehensive Products and Services Across Marine,

Offshore and Energy Value Chain

Seatrium

PRODUCTS

SUPPORT /
TRANSPORT
VESSELS

OIL & GAS RENEWABLES UTILITY

Gravity based
Terminals

Drilling - Semi Accommodation

Bunker Vessel
L.
Hybrid / LNG tugs
] GraviFloat —
ST T Energy Hub

LNG / Electric Ferry

Hydrogen/ ammonia/
Methanol Powered

Gas Carrier

ﬁ

CO2 injection
units

Production — FSO /
FPSO

e

Wind support

= vessels

Production - FLNG

External

Power generation

GAS VALUE
CHAIN

Gas Liguefaction

Cargo Handling

System

LNG FGSS

Cold energy
recovery

NEW ENERGY
VALUE CHAIN

Hydrogen Marine
Electrolyser / Fuel
cell

Ammonia
Regasification

Green Ammonia/

Hydrogen
Production and
Bunkering plant

CO2 capture units

OTHER

PRODUCTS

Research/ Scientific

vessel

Arctic Expediton Crise
Cruise Vessel

Anchorage Hub

Defense Hub

EQUIPMENT

—
[

Jacking yem

VAM System

¥

[

Air lubrication
system

I
1

Ballast Water
Treatment

SERVICES

EQUIPMENT/

DIGITAL

Rig /.
Spares “

e
Asset o
Services

acquisition
B wen

X

Asset Health
Monitoring

Digital Twin
and simulation



Strategic Advancement of Existing Products and Expertise A _
Z= Seatrium

Tradiﬁonal Producfs Expand Oil & Gas Experience to New Segments New Pl'OdUCfS

SEMI SUMERSIBLE Circular Hull )  SEMI SUBMERSIBLE CIRCULAR HULL CIRCULAR HULL
(FPU) (FPSO) Technology Foresight and Trends (FLOATING WIND) (FLOATING WIND) _(CO2 INJECTION)

}

Product Diversification

GRAVIFLOAT FLOATERS FIXED PLATFORM
(DEFENCE HUB) (FLOATING CITY) (H2 PRODUCTIOIN)

FLAOTERS (FPSO) FIXED PLATFORM
(O&G PRODUCTIOIN)

Emerging Market

Vi

FLOATING SUBSTATION NH3 BUNKER VESSEL
FIXED SUBSTATION LNG BUNKER VESSEL

Building and leveraging Capabilities

-

WIND TURBINE LNG TERMINAL GREEN WIND TURBINE ENERGY HUB

INSTALLATION VESSEL (GRAVIFLOAT) INSTALLATION VESSEL (GRAVIFLOAT)
External (SELF ELEVATING UNIT) (SELF ELEVATING UNIT)



Seatrium’s Key Focus Areas
To Support and Accelerate Global Energy Transition

2=\ Seqatrium

External

ﬁ)ffshore Renewable)

A) Offshore Wind
B) Solar & Tidal

C) Nuclear

( New Energies \

A) New Fuel Production/
Process

B) New Fuels Transportation

C) New Fuel Equipment

4 )

Maritime
Decarbonisation

A) Carbon Capture & Storage

B) Energy efficiency
technologies

C) Electrification

g b ey
e iy gmmmEEe S
— o e

——

( Robotics & Al \

A) Digital twins and condition
monitoring

B) Remote control/ autonomous

C) Industry 4.0
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Urgency Of Global Transition Towards A Low Carbon Economy i _
High Growth Of Renewables And New Energies As An Answer = Seatrium

MEPC 80 (July 23)- Enhanced IMO GHG Reduction Strategy

Units: GHG emissions

Ml Emission pathway in line
with IMO’s GHG strategy

Bl Business-as-usual

emissions
Emission gap
Total:
20% reduction
Intensity:

40% reduction

Fuel Net-zero
o h Total: 2t
2R eHiFigy e 70% reduction g;izGoggnsscons

2008 2020 2030 2040 2050
Total: Well-to-wake GHG emissions; Intensity: CO; emitted per transport work; Fuel: Uptake of zero or near-zero GHG technologies, fuels and/or energy sources ©DNV 2023
5  DNV® 11 JULY 2023

DNV

There is an urgent need for energy transition and decarbonisation of all sectors including the
maritime sector. Renewables and fuel switching (new energies) are important levers for

transitioning towards a low-carbon economy.
139
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Offshore Renewable Value Chain Solutions — ]
Contributing Towards Global Net Zero Ambition = Seatrium

Offshore Substations Installation Vessels Floating Platforms

a=TenneT World’s largest and Most Advanced vaersk VEXt-Gen Wind Turbine Installation
HVDC Electrical Transmission System Vessel for Maersk Supply Services

Dominion DOMINion Energy - Wind Turbine SWACH Floating Wind Foundation

#2TenneT DolWin — Bottom sitting offshore Eneroy. I |
Installation Vesse

External HVDC Substation
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New Energy Value Chain Solutions /:\

Contributing Towards Zero-carbon Future == Seatrium

Hydrogen Production Ammonia Bunkering Hydrogen as Fuel

Green Hydrogen facility for /ﬁ;;“\\ 7K Ammonia Bunker Vessel BT NORLED HYDRA- world’s first liquid

k production, compression, storage, hydrogen ferrx_
\a/ﬁ and bunkering for maritime transport \

H2 MARINE

ZEG - Sevan floater concept = e :
development for Blue Hydrogen EKLiNe 33K Ammonia Bunker Vessel V4 Hydrogen as marine Fuel

Sumitomo

production COOEN g e PENGUIN Pilot Project with Shell &
External Penguin



Maritime Decarbonisation Value Chain Solutions /:K

Contributing Towards Low-carbon Maritime & Offshore = Seatrium

Electrification CO2 Capture CO2 transport and Injection

manoriep Three full electric ferries for NORLED @ ‘‘‘‘‘‘‘‘‘‘ e.,oc;c; Shipboard carbon capture
g waes  Pilot with Stena Bulk

AT M _(.*‘!

I’N(iRLED Ryfylke - First battery powered 2 v mcseon Preferred EPC partner for Aker A Cog?g‘ztﬁﬂda‘rﬁ”égg df’;g& ]:/?/irt;]he
. Vvessel to operate a full day without S ST Carbon Capture system for glle Pro)

shore charging. offshore installations Altera and partners

External



/"""-_—_-______1—‘_‘“\
Al and Robotics Solutions

. PN :
Contributing Towards Industry 4.0 And Smart Nation == Seatrium

—

Smart Yard Digital Twin Autonomous Ships

Digital Twin for Slepnir ~—=-  Firstdemonstration of
\i p A autonomous operations in @5

SINGCAPORE

Onshore monitoring/ optimisation for 4D digital Design Shore Command Centre
energy efficiency

External
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—

Advanced Manufacturing For Low Carbon Economy T A\ T
Examples of Robotics Deployment / = Seatrium

—

Fully Automated Pipe Fabrication Workshop Additive manufacturing Robotic Welding in Structural Fabrication Workshop

Goliath Gantry . =

Laser
Pointer
Sensor

On-board
Sensor

Dual - 3
Cameras :‘--
Robust i

Wheel
System

External



_..-—-—-"""'_'_'_._-___-_'_'_'_“"'-—--_._
Advanced Manufacturing For Low Carbon Economy

P~ -
Examples of Al Deployment Z= Seatrium

Al for predictive maintenance Productivity enhancement

Yard Workforce

People counting
. Helmet is categorized into trades

Safety enhancement

Vehicles Yard Workforce

Can detect vehicles such as forklift, truck -C?" detect presence of PPE

External



Future Potential of Robotics & Al in M&O Sector /\
o~

To lower the costs and risks of manufacturing and facilitating a low carbon econo = Seatrium

(70]
-
['a]
oz
! "
arge Format Ac.fd/t/ve Autonomous robots Robots, Cobots, Exoskeletons Integrated smart factories
Manufacturing
LLl
— O
<Z
~+ LLI
O
m —
— d
—_ ol
oZ Ll Immersive
- : - : : . . Web3, Blockchai
< E Analytics, ML, Digital Twins Generative Al technologies/AR/VR/Mixed eTechnocjggiesam

Reality

External



External

A Premier Global Player with
Deep Engineering Expertise

)

= Seatrium

Engineering Our Future Together




