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Industry 4.0 (4th Industrial Revolution, 4IR) Technologies

Robotics

Automation

Nanotechnology

Materials Informatics

IoT & IIoT

AI

5G

Block ChainDigital Twins

Machine Learning

Big Data

Sensors

Augmented Reality

Wearables

Brain Machine Interfaces

Quantum Computing

https://www.europeanbusinessreview.com/smart-manufacturing/

Additive Manufacturing

Intelligent Materials







Tamil Selvan and Seeram Ramakrishna, Sustainability for Beginners, World Scientific Publishers 

Estimated remaining world supplies of  

non-renewable resources

Sustainability



Linear economy

Circular economy 

Tamil Selvan and Seeram Ramakrishna, Sustainability for Beginners, World Scientific Publishers 

Sustainability

× Waste generation

× Resources depletion

× Extreme weathers

× Harmful effects on environment & human health



Carbon Neutral Economy
Carbon neutrality refersto achievingnet-zerocarbondioxideequivalentemissions(all greenhouse

gases)to the Earthõsatmosphere. Emissionsareassociatedwith humanactivities(anthropogenic)

suchaspower/energy,transportation,industry,buildings,infrastructure,textiles,andfarming.

https://www.oxfordenergy.org/publications/ Beyond Energy: Incentivizing Decarbonizationthrough the Circular Economy, 2021

https://www.oxfordenergy.org/publications/
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PRAS - Plastic Recycling Association Singapore

(supported by the Singapore German Chamber of  Commerce, SGC)

https://www.sgc.org.sg/events/event-details/sgc-sustainability-committee-and-pras









Manufacturer assigns
Blockchain code (A+) Blockchain Miners

Warehouse, Stores and consumers

Recycler enters the ledger (A-)
at the end of product life cycle

Manufacturer assigns blockchain 
code (A+)

Containing ownership, 
transaction etc

Blockchain Miners (Consumers)

Block is broadcasted to public
to authenticate

Authenticate 
transaction

Update the ledger on 
server (A-)

Block chaining of  Plastics



Plastic Labelling/Tagging ðWatermarking of  Plastics

Molecular sequence 
marking

Product Tagging with a digital 
block chain record

Market place Plastic waste

Secured cloud

SegregationShredded to base PolymerMolecular analysingUsability inspection

Recycle

Base material to other
industries



Blockchain technology for sustainable plastic waste management in circular economy



C. Yang, R. Li, J. Zhang, Z. Cao, C. Liu, M. Zhang, W. Han, S. Ramakrishna and Y. Long, New J. Chem., 2021, DOI: 10.1039/D0NJ06251K.

Carbondots,CDsasa fluorescentink. Cu2+ andFe3+ areusedfor encryptionreagents,anddisodiumedetate(EDTA)

andascorbicacid(AA) areusedfor decryptionreagents. By tailoringto theproperpH, it endowsdecryptionprocesswith

exclusiveproperties,whichis thefootstonefor designingsaferinformationencryption.



C. Yang, R. Li, J. Zhang, Z. Cao, C. Liu, M. Zhang, W. Han, S. Ramakrishna and Y. Long, New J. Chem., 2021, DOI: 10.1039/D0NJ06251K.
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4IR and Fashion Industry (Textiles)

By critically looking at 4IR technologysolutionsthat better manageand predict

inventory,rethinkingtraditionalbusinessmodelsandscrutinizingthewayfashionvalue

andsupplychainsoperatetoday,wehopeto createa moreenvironmentallyconscious

future. SingaporeõsTextileandFashionFederationrunsTheBridgeFashionIncubator

program to help fashion and fashion-tech businesseswith a focus on design,

technologyandsustainability. Federationchief executiveMr SemunHo.





www.trustunconference.com



Sustainability issues that all 

work in tandem to potentially 

solve

MNC

Govt 

Agen

Acad
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A partnership between Singapore Economic Development Board (EDB) 
and  TUV SUD.

The index serves as a diagnostic tool that companies across all industries 
and sizes can use to learn about Industry 4.0, evaluate the state of their 
facilities and develop a transformation roadmap.



Elvis Avenyoand Fiona Tregenna, Technology and Management Centre for Development, Oxford Department of  Interna-tionalDevelopment, University of  Oxford, 2021

The high-technology 

manufacturing to be 

associated with lower 

emissions than medium-

technology manufacturing, 

and in turn low-

technology manufacturing. 

These findings suggest 

that a shift towards more 

technology-intensive 

manufacturing may be a 

more environmentally 

sustainable 

industrialization path.



Skincare brand turns to AI for intelligent product verification



Urban Farming

Digitized Farming



Enablers to resolving food challenges
How Singaporeôs ecosystem is responding to challenges

Diversification of food supply

Imports from 170 

countries and 

regions

Barramundi Asia 

Sustenir

Okara for fish 

feed

Import 
Diversification

Local 
Production

Overseas 
Agriculture

Reduction of 
Wastage

Storage / Shelf-
life extension

R&D: 
Alternative 

foods
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Intentions

Reduces reliance 

on one supply 

source

Buffer stretched 

supply chain, 

and disruptions

Exports 

produce back to 

Singapore

Singapore 

generated 

>800,000 ton in 

2018,only 16% 

recycled

Mitigates 

supply 

disruption of 

imported food

Mitigates impact 

of climate change 

and resource 

constraints

Enablers

Examples

Food safety 

science & 

innovation

Sustainable

urban food 

production

SFA and ESG 

supports local 

companies to 

expand & grow 

overseas

Food waste 

valorisation as 

agriculture & 

aquaculture feed

Develop novel 

biomanufacturing 

methods of 

alternative proteins

Source 

diversification 

across continents

Genetic 

improvements & 

disease 

management

Air purification 

system to remove 

ethylene gas

Microbial, plant 

and cell-cultured 

proteins

@ Dr Hazel Khoo, Executive Director, Singapore Institute of  Food and Biotechnology Innovation

30 by 30 Goal:
To Produce 30% Of Singaporeõs 

Nutritional Needs By 2030



Singapore Institute of Food and Biotechnology Innovation (SIFBI): 

Preparation of the future

Agri-tech & Aquaculture Horizontal Program Office (A2HTPO)
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Integrated High 

Performance 

Precision Farming 

Systems 

Bioactives, Inputs & 

Smart Substrates

Health Monitoring  & 

Disease 

Management

Strain Engineering & 

Genotype 

Development 

Environment 

Modelling & Life 

Cycle Analysis

Focus Areas

Local production of 

high value inputs & 

feed

Efficient & 

sustainable 

production systems

Low carbon & high 

circularity solutions

@ Dr Hazel Khoo, Executive Director, Singapore Institute of  Food and Biotechnology Innovation



Agritech and Aquaculture Horizontal Technology Programme (A2HTP)
One-stop Engagement Platform Across A*STAR

× Develop advanced urban Agritech & Aquaculture 

technologies/solutions 
> R&D Driven Innovations 

× Enable high tech intensive Agritech & Aquaculture farms in 

SG
> Grow More with Less

× Nurture local Agritech & Aquaculture champions 
> Regional/Global Footprint 

× Collaborate with leading global urban Agritech & Aquaculture 

players  
> Attract & Anchor in SG

Research Domains

Local production of high value 

inputs & feed

Efficient & viable  production 

systems

Sustainable 

solutions



{LC.LΩǎ .ƛƻƳŀƴǳŦŀŎǘǳǊƛƴƎ
Biotech-enabled Production of Natural Ingredients
Using Lycopene Production as an Example

Engineered 

E.coli
Highest Lab-Scale Production Lycopene in tomato: 6 

mg/ Kg

A Sustainable Approach:
In a year, a 2000L bioreactor can produce more Lycopene than from the planting of the whole of Singapore with tomatoes 

2000L bioreactor 

ṊLand & Water Efficiency

ṊProduction Efficiency

ṊYield Consistency

ṊNo Geographical & Climate   

Restriction

One-Step 

Process

Patented 

Technology

Lycopene 
(antioxidant)

@ Dr Hazel Khoo, Executive Director, Singapore Institute of  Food and Biotechnology Innovation



{LC.LΩǎ Ǿƛǎƛƻƴ ƻŦ CǳǘǳǊŜ ƻŦ /ƛǊŎǳƭŀǊ CƻƻŘ {ȅǎǘŜƳǎ
Side Stream Valorisation: Supporting Sustainable Urban Fish Farming 

Nutritious Okara(Soy bean pulp)

SG produces > 30 tonnes/day

Growing aquaculture industry in 

Singapore

Through specially 

formulated fish feed

Okarafor fish feed: A Singapore Narrative ïSG Technology ĄSG waste ĄSG Fish Farm

Harnessing Capabilities Across SIFBI: 

Å Natural Product Library 

Å Strain selection

Å High throughput screening

ÅMicrobial consortia engineering

Å Food safety 

ÅMicrobial fermentation

Å Scale-up optimization 

Å Downstream processing 

Å Texturization

Å Feed Formulation 

Å Nutritional studies

Å Productization 

@ Dr Hazel Khoo, Executive Director, Singapore Institute of  Food and Biotechnology Innovation



Ng Yiak Say - Blue Ocean Aquaculture

Nano-oxygen diffuser



Virtual Power Plant

Digital Twin



Singapore puts ôtemporary pauseõ on new data centres: Why and what it means for the industry - CNA (channelnewsasia.com)

Data centers are huge energy hogs ð

everything from the servers, storage 

equipment and cooling infrastructures 

have a large appetite for electricity.

The International Energy Agency 

estimates that the sector currently 

uses around 1 per cent of  the 

worldõs electricity. This figure could 

hit double-digits by 2030, making 

related emissions a problem.

Average Internet user : 1.5GB

Smart hospital :  3,000 GB

Autonomous driving : 4,000 GB

Airplane data : 40,000 GB

Smart factory : 1M GB

Everyday data is exploding



Matteo Manganelli et al, Strategies for improving the sustainability of  data centers via energy mix, energy conservation, and circular energy. doi:10.20944/preprints202103.0214.v2


