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New Engineering Jobs in 2050 

Co-Robot Engineers 

Smart Electronics Engineers 

Cyber Engineers 

Virtual Reality Engineers 

Organ/Tissue Engineer 

Smart grid engineer 

3D Printing or Additive manufacturing engineer 

Digital manufacturing engineer 

Machine/Human Interface Engineer 

AI engineer or AI App Developer 

Urban factory designers 

Life Cycle Engineering Engineer or Green Engineer 

Sub-terrain Engineers 

Deep ocean engineers 

IoT Engineers 

Battery engineer  

Electric vehicle engineer 

Wind and Solar Power Engineer 

Biologics Engineers 

Urban Farmer 

Food Engineer 

New Engineering Jobs in 2100 

Mind (Mentalist) engineer 

Idea engineer 

Brain engineer  

Gene engineer  

Synthetic Meat and Food Engineer 

Food design engineer 

Climate Engineer 

Ozone Engineer 

Space Traffic Engineer 

Maintenance Engineer for Intelligent Machines 

Urban farmer 

Deep ocean engineer 

Digital currency engineer 

Biomedical Implants engineer 

Wearables Engineer 

Health Engineer 

Medical Imaging Engineer 

Media Engineer 

Solutions Engineer 

Medical Diagnostics Engineer 



The past three centuries’ growth model is the Linear Economy 

 Mine, Make, Use, Dispose 

 Convenience and consumption  

o Unsustainable & damaging to ecosystem 

 







http://www.tribuneindia.com/news/world/mount-everest-turns-into-world-s-highest-rubbish-dump/606728.html 

Everest, the world’s highest rubbish dump 
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https://www.romper.com/p/how-to-buy-wildfangs-i-really-care-jacket-because-its-statement-is-more-than-worth-it-9556650 



Source: World Economic Forum 

In circular economy we keep resources 

in use for as long as possible, extract the 

maximum value from them while in use, 

then recover and regenerate products 

and resources at the end of each service 

life. 

 ͞Circular Economy saves trillions of 

dollars to the world ecoŶoŵy͟ 

Major Consulting Firms 

Sustainable future is in circular economy 



Circular Economy, CE 
Decarbonizing Industry & Economy 



Circular Economy Research Publications trend worldwide 



 Resources (energy, materials, water) efficiency 

 Lowering energy demand 

 Use of renewable energy 

 Elimination of toxic chemicals usage 

 Elimination of waste through the superior selection 
of materials, processes and business models 

 Designing products with environment in mind 

Accenture, Deloitte, EY and McKinsey & Company estimate 

that CE saves trillions of dollar to the economies 

To achieve these 

by leveraging 

Industry 4.0 

Zero Waste Manufacturing: A Paradigm for a Circular Economy in Singapore, Piya Kerdlap, Seeram Ramakrishna, Jonathan Sze Choong Low  



Industry 4.0 is a confluence of emerging technologies- Internet of Things (IoT), 

big data analytics, machine learning, artificial intelligence (AI), cloud computing, 

robots, automation, materials informatics, nanotechnology, 3D printing, 

biotechnology, wearables, and mind-inspired technologies, with transformative 

effects on production systems, business models, employment and economy.  

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





 Gross Energy efficiency improved by 13% between 2000 

and 2016 

 Growing renewable sources in energy mix 

 Replaced the carbon-emissions based vehicle scheme 

with the vehicle emissions scheme with expanded range 

of pollutants (cleaner transportation)   

 Carbon tax on large emitters from next year   

 

Example, Keppel Corporation is integrating sustainability 

principles throughout the supply chain which extends 

overseas so as to cut its carbon emissions by 28.8 per cent 

from 2010 levels by 2030.   Initial measures led to an 

estimated $37 million in cost savings and an avoidance of 

approx 77,000 tons of carbon emissions in 2017. 

Singapore is proactively taking diverse measures to transition towards circularity 



Waste Reduction Challenges 
Relatively over 

the years, the 

recycling rate has 

iŶcreased… 

 

but the overall 

amount of waste 

that is generated 

and goes to the 

incinerator has 

not improved 

that much. 

61% 

58% 

47% 

3 million 

7.8 million 7.8 million 

3 million 

Piya Kerdlap et al, A State-of-the-Art Review of Zero Waste Manufacturing Technologies for Enabling a Circular Economy in Singapore, Journal of Cleaner Production 
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Ash & Sludge

Horticultural waste*

Others (stoŶes, ceraŵics,…
Used slag

Wood*

Food

Plastics

Paper/Cardboard

Ferrous metal

Construction debris

Amount of Wastes in Tonnes 

Incinerated/ Landfilled

Recycled

*Includes 278,000 tonnes used 

as fuel in biomass plants 

Source: NEA 

Singapore Waste Statistics for 2015 

There’s ŵuch rooŵ 
for improvement! 



https://www.straitstimes.com/singapore/environment/singapores-mountain-of-e-waste 

e-waste 
generated 
per person 
 
Hong Kong 21.7 kg 

 

Singapore 19.5 kg  

 

Japan 17.3 kg 

 

South Korea 15.9 kg 





UN statistics compare e-waste per 

inhabitant for countries in Asia  

http://www.mdpi.com/2079-9276/5/4/35/htm 



Singapore 



NEA to introduce Extended Producers Responsibility 
(EPR) regulations by 2021.  EPR will compel producers 
of electrical and electronic equipment to ensure their 
used products are collected and recycled or 
disposed in environmentally responsible ways.  
 
Circular Economy requires a balance between the 
Government, businesses and the public. 

Public education is important 







Circular Economy 

 Extended Producers Responsibility 

 Designing products for circular economy as 

opposed to built in obsolescence 

 Urban mining 



Circular Economy 

 Extended Producers Responsibility 

 Automation and Robotics 

 Sensors & IoT 

 Data Analytics, AI 



https://doi.org/10.1016/j.rser.2016.04.078 

https://waste-management-world.com/a/rise-of-the-machines-why-robots-will-transform-waste-sorting-methods 

https://doi.org/10.1016/j.rser.2016.04.078
https://doi.org/10.1016/j.rser.2016.04.078


F. Gu et al. / Waste Management 68 (2017) 434–448 



https://cleantechnica.com/2016/07/27/welcome-robotics-waste-recycling-management/ 



Circular Economy 

 Extended Producers Responsibility 

 Designing products for circular economy 

 Materials Informatics, Materials selection and substitution 

 Design products and processes by mimicking nature 

 Design for disassembly, recycling and waste reduction, and 

longevity of use 



Web-

Based 

Materials 

Informatics 

o Density Functional Theory 
o Molecular Dynamics 
o Combinatorial materials science 
o Quantum Mechanics 
o Continuum Mechanics 
o Finite Element Modeling 
o Monte Carlo Model 
o Analytical Equations, theory 
o Empirical Equations 

 Microstructure Informatics 

 Data Science and Analytics 

 Data mining and quality 

 Machine Learning/AI/Deep Learning 

 Materials Knowledge Systems 

 Cyberinfrastructure for materials data 

 Spectral Methods for Microstructure-

Property-Processing-Performance (s-

p-p-p) Linkages 

 Standards and codes 

 E-collaboration networks 

Multi-Scale Modeling 

Service Performance Data 

Environmental 

Performance 

o Life Cycle Assessment, LCA 

o Life Cycle Engineering, LCE 

Cost Performance 
o Life Cycle Cost, LCC 

Scholarly Publications 

Experimental Data 

Materials Informatics employs digital technologies to 
accelerate materials, products and manufacturing innovations 

Seeram Ramakrishna et al (2017) Materials Informatics, Journal of Intelligent Manufacturing, https://doi.org/10.1007/s10845-018-1392-0 



Allbirds founders Joey Zwillinger, left, and Tim Brown 

Designed for the Environment: Allbirds are machine washable and meant to be 

worn without socks. Made of a very fine merino wool. 



stella.toh@newcastle.ac.uk 





https://www.japan.go.jp/abenomics/productivity/society5_0/index.html 

Hunter-gatherer Society 1.0 

Industrial Society 3.0 Information Society 4.0 

Agrarian Society 2.0 



https://www.japan.go.jp/abenomics/productivity/society5_0/index.html 

Society 5.0 

Physical space and 

cyberspace to be 

seamlessly integrated 

into every aspect of life 







 ban single use plastics 

 encourage switching to new packaging materials with lowest 

carbon foot print  

 restrict the use of hazardous substances in the products and 

processes 

 product take back strategies to ensure successive lives 

 

NATIONAL POLICIES FOR CIRCULAR ECONOMY  



Set targets for waste collection and recycling rates 

Set targets for proportion of recycle materials content 

in new products 

Set targets for sustainable materials (& regenerative 

resources) content in products 

Set targets for lowering the carbon emissions per unit 

of manufacturing value add  



Circular Economy 

 Extended Producers Responsibility 
 Designing products for circular economy 

 Urban mining 

 Environmentally benign processes 

 Industrial symbiosis 



Circular Economy is in need of disruptive innovations and new business models 

Energy storage technologies 

Circular 

economy 

Industry 

4.0 

Sharing 

economy 

Internet-

of-things 

Piya Kerdlap et al, A State-of-the-Art Review of Zero Waste Manufacturing Technologies for Enabling a Circular Economy in Singapore, Journal of Cleaner Production 



Circular Economy Disruptive Technologies 

Theme Waste generators Waste collectors 
Waste to resource 

converters 

Design for zero waste Additive manufacturing, products 

with modular designs 

Products designed for 

disassembly that enable easy 

collection of components 

Products that can be refurbished to 

increase chances for reuse or 

recover valuable parts and materials 

Smart waste audit and 

reduction planning 

Software for automated waste 

auditing and reporting processes 

Digital tools for predicting 

composition and volume of waste 

generated to be collected 

N/A 

Smart waste collection Smart bin technologies that 

monitor fill levels, composition of 

waste, and do onsite segregation 

Software tools for efficient waste 

collection and management of 

waste collection assets (trucks) 

N/A 

High-value mixed waste 

processing N/A N/A 

Industrialized segregation and 

sorting technologies at waste 

processing facilities 

Collaborative platform for 

industrial symbiosis Online network tools that connect waste producers with waste converters 

Waste to resource 

conversation and recycling N/A N/A 

Remanufacturing, paper, plastic, e-

waste recycling technologies, food 

waste to energy technologies 

Piya Kerdlap et al, A State-of-the-Art Review of Zero Waste Manufacturing Technologies for Enabling a Circular Economy in Singapore, Journal of Cleaner Production 



CRISP 

NISP internal tool 

(2006 – 2014*)  

SHAREBOX project 

• SYNERGie® 2.0 

(Sep 2015 – Aug 2019) 

 

SYNERGie® 

(2009* – Present) 

MAESTRI project 

• T4IS (Aug 2017 final ver.) 

• Exchanges database (Oct 2017) 

(Sep 2015 – Aug 2019) 

 

Life M3P project 

• Online platform 

(Oct 2016 – Sep 2019) 

US Materials Marketplace 

• Online waste exchange 

(Aug 2015 – Present) 

DIET toolkit 

(1996 – 2000*) 

SIMTech A*STAR  

IS R&D track 

• Collaborative platform 

(April 2015 – Present) 

IME 

(variants) 

DIME 

Matchmaker! 

(1997 – 

2000*) 

*approximate timeline 

 

Note: 

Ongoing projects have start and end dates 

Current ongoing activities do not have end 

dates 

Presteo 

(2006 – 

2011+*) 

2020 and 

beyond??? 

(Jan 2016 – Jan 2020) 

•Various 

electronic 

waste 

exchanges 

•Optimisation 

techniques 

 

 

 

 

 

 

 

 

 

͞Departed 
zoŶe͟ 

͞NasceŶt 
zoŶe͟ 

͞Survival 
zoŶe͟ 

EPOS project 

• Tool for generic cross-

sectorial symbiosis 

(Oct 2015 – Sep 2019) 

Collaborative Platform for Industrial Symbiosis  

Source: Zhiquan Yeo, 2018 

GAP: LIFE CYCLE IMPACT EVALUATION TOOL 

Piya Kerdlap et al, A State-of-the-Art Review of Zero Waste Manufacturing Technologies for Enabling a Circular Economy in Singapore, Journal of Cleaner Production 



Integration of platforms 

Waste-to-Resource Matching Platform Life Cycle Analysis Engine 

Industrial 

Symbiosis 

Network 

Piya Kerdlap et al, A State-of-the-Art Review of Zero Waste Manufacturing Technologies for Enabling a Circular Economy in Singapore, Journal of Cleaner Production 



Summary 

 Singapore committed to reduce carbon emissions by 36 percent from 2005 levels by 2030 

 Singapore envisions its future as a zero waste nation.  This implies that every person, family, 

precinct, industry, business and service is rooted with circular culture. 

 Thus implying all forms of resources including water, energy and materials are recovered and 

reused repeatedly.  New economy is as waste free as possible with lowest carbon footprint.  

 Circular Singapore underpins the transition from the safest, efficient and prosperous city to 

smart, healthy and livable city.  

 Singapore to invest in long-term breakthrough research in addition to 
supporting test bedding opportunities for innovative solutions.  



Industry 4.0 Circular Economy Environment 

Pollution control (Transportation) Data Analytics, IoT, AI Efficient Supply chain Lower emissions 

Plastics (& Bio-based substitutes) Knowledge Platform Waste to Resource Lower waste disposal 

Wood and Paper Knowledge Platform Waste to Resource Lower waste disposal 

Construction materials 3D Printing, Nanotech Waste to Resource Lower carbon foot print 

Water IoT, Data Analytics Waste water reuse Energy efficient 

Solid waste Data Analytics Waste to Resource Lower waste disposal 

Clean energy gen, storage, supply IoT, AI, Data Analytics Lower consumption Lower energy losses 

Energy efficiency (processes, systems, etc.) Real Time Monitoring Lower consumption Lower energy losses 

Food (& faux meat) Data Analytics Waste to Resource Lower wastage 

Agriculture, Urban Farmed Products Data Analytics Efficient Supply chain Lower pollution 

Beverages Data Analytics Waste to Resource Lower wastage 

Textiles (wearables, biotech leather, etc.) Data Analytics Waste to Resource Lower pollution 

Services AI, Data Analytics Efficient delivery Lower pollution 

Value chains, material flows, and products AI, Data Analytics Efficient delivery Lower pollution 

Electricals & Electronics Knowledge Platform Product re-routing Co2 savings 

How can Disruptive Technologies drive a circular economy in a 

sustainable future?  



https://www.cleanenvirosummit.sg/programme/clean-environment-leaders-summit





https://www.telegraph.co.uk/film/wall-e/review/ 

Let us hope 
for the better 
future 


