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Researcher:

o A World’s Most Influential Scientific Mind (Thomson Reuters)

o Highly Cited Researcher by Clarivate Analytics (~1000 journal papers, 73,000 citations; ~127 H-index)

o Five start-up companies and marketed products

o Fellow of UK Royal Academy of Engineering, and Singapore Academy of Engineers

o Fellow of ASME, AIMBE, BSE, AAAS, ASM, IMechE, IMMM, NAE, and IES

Education:

o PhD (University of Cambridge)

o The General Management Program (Harvard University)

Global Professional:

o Founder, Global Engineering Deans Council (www.gedc.org)

o Vice-President, International Federation of Engineering Education Societies (IFEES)

o World Economic Forum (WEF)’s Committee on Future of Production- Sustainability

o Advisor to the Governments, Corporations and think-tanks around the world



Academic Leadership Experience:

o Vice-President (Research Strategy), NUS

o Dean, NUS Faculty of Engineering (& Vice-Dean & Sub-Dean)

o Founding Director, NUS Enterprise

o Director, NUS Industry Liaison Office

o Founding Director NUS Nanoscience & Nanotechnology Initiative

o Founding Director, NUS Bioengineering Initiative

o Founding Chairman, Solar Energy Institute of Singapore (SERIS)

o Mentor, Nuclear Energy Research & Education Study Group



We are living in interesting times!



https://www.iriweb.org/sites/default/files/2016GlobalR%26DFundingForecast_2.pdf

https://www.iriweb.org/sites/default/files/2016GlobalR&DFundingForecast_2.pdf


Robot Suitcase



https://en.wikipedia.org/wiki/Sophia_(robot)

In October 2017, the robot (Sophia) became a Saudi Arabian
citizen, the first robot to receive citizenship of any country



GAFA: $3 trillion 
Google, Apple, Facebook and Amazon

Tech Industry

BAT: $1.5 trillion 
Baidu, Alibaba and Tencent

World’s GDP ~ $78 trillion

Only 15 economies out of 191 economies 
have GDP above $1 trillion

http://statisticstimes.com/economy/countries-by-projected-gdp.php

Trending Technologies
Social & Mobile Mainstream

Cloud Computing Scaling

Big Data & Analytics Scaling

IOT, Internet of Things Emerging

Block-chain Emerging

AI, Artificial Intelligence Nascent

VR, Virtual Reality Nascent

Robotic Process Automation Nascent

3D Printing Nascent



Trend in growth in IoT (1990-2020)

Kashif Naveed et al. Technology in Society (2017), https://doi.org/10.1016/j.techsoc.2017.11.003 
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Zara now designs and stock an outfit in its
stores around the world in 20 days!

IoT in Textiles Industries





Applying machine learning algorithm to IoT 

Machine learning Algorithm IoT, Smart City use cases Metric to Optimize
Classification Smart Traffic Traffic Prediction, Increase Data Abbreviation

Clustering Smart Traffic, Smart Health Traffic Prediction, Increase Data Abbreviation

Anomaly Detection Smart Traffic, Smart Environment Traffic Prediction, Increase Data Abbreviation, Finding 
Anomalies in Power Dataset

Support Vector Regression Smart Weather Prediction Forecasting

Linear Regression Economics, Market analysis, Energy usage Real Time Prediction, Reducing Amount of Data

Classification and Regression Trees Smart Citizens Real Time Prediction, Passengers Travel Pattern

Support Vector Machine All Use Cases Classify Data, Real Time Prediction

K-Nearest Neighbors Smart Citizen Passengers' Travel Pattern, Efficiency of the Learned Metric

Naive Bayes Smart Agriculture, Smart Citizen Food Safety, Passengers Travel Pattern, Estimate the Numbers of 
Nodes

K-Means Smart City, Smart Home, Smart Citizen, Controlling Air and 
Traffic

Outlier Detection, fraud detection, Analyze Small Data set, 
Forecasting Energy Consumption, Passengers Travel Pattern, 
Stream Data Analyze

Density-Based Clustering Smart Citizen Labeling Data, Fraud Detection, Passengers Travel Pattern

Feed Forward Neural Network Smart Health Reducing Energy Consumption, Forecast the States of Elements, 
Overcome the Redundant Data and Information

Principal Component Analysis Monitoring Public Places Fault Detection

Canonical Correlation Analysis Monitoring Public Places Fault Detection

One-class Support Vector Machines Smart Human Activity Control Fraud Detection, Emerging Anomalies in the data

M.S. Mahdavinejad et al. Machine learning for Internet of Things data analysis: A survey, 2017,  https://doi.org/10.1016/j.dcan.2017.10.002
14



Emerging industrial revolution (Industry 4.0) characterized by a confluence of new

technologies, from Internet of Things (IoT), machine learning, cloud computing, big

data analytics, artificial intelligence (AI), sensors, robots, 3D printing, wearables, to

mind-technologies, biotechnology and nanotechnology will transform production

systems, business models, economic growth, employment, and sustainability.

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



Humans will be paid based on how well 
they will work with digital technologies!

https://en.wikipedia.org/wiki/Martin_Ford_(author)





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



to tackle transportation, security, 
climate change, healthcare challenges



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



















Marine Traffic







Sea robots to patrol waters





http://www.straitstimes.com/singapore/12b-flood-control

IoT and Water Management





IoT & Urban Farming



Urban Farming
Digitized Farming



Clean Energy- Solar



Get your PV 
system green 

attributes 
endorsed by 
Solar Energy 

Research 
Institute of 
Singapore

IoT Remote monitoring of floating solar farms! 

eac.seris.sg







Future Living



Going Underground







http://sensorcommtech.com/

Consumer Electronics Show (CES) Eureka Park Climate Change Innovator Award winner for 2018

GHG Reduction, Extreme Weather, and Sustainability: 
There are an estimated 263 million registered vehicles in 

the U.S. and 1.2 billion registered vehicles globally.
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Intel

other than Intel

ARM

Hyperion

Single core Processor Performance 

Based on source: Hennessey and patterson, „Computer Architecture: A Quantitative Approach“

Annual performance 
increase ~50%

Annual performance 
increase ~20%

These mega trends demand for new microprocessors with new architecture.



• Array of Processing Elements (PEs)
• Replacing superscalar row of Execution Units, 

Reservation Stations and Reorder-Buffer
• Distributed Register File formed by PE result 

registers

• Two major processing modes:
1) Superscalar Out-of-Order

• Instruction window equals size of array
• High ILP, only limited by data availability

2) Loop Acceleration, fully pipelined
• Semi-static for loop processing: issued 

instructions remain the same until loop is 
completed

• High ILP dataflow processing

• Array shared by many threads

• Supporting all levels of parallelism:
 Multi-core
 Superscalar
 Slot independent Out-of-Order processing
 Multi-Threading
 Deep Pipelining / Dataflow Loop Acceleration

85% data processing area
15% area overhead for housekeeping

Hyperion-Core offers a new start with its Polymorphous Processor Platform. It increases processing 
power by up to 100-times while protecting the worldwide Software infrastructure. Based on the modern 
RISC-V ISA it fits into the growing RISC-V ecosystem. 



Convolutional Neural Networks, CNN on Hyperion

• 32 billion 7×7 convolutions per second
• 512 billion 2×2 MaxPool per second
• 206 million 3072×3 Linear Classifications per second

Performance Comparison:

Time required to process a 
7×7 convolution 
(Gauss filter on a 960×540 working texture):

• Intel i7-4770R/HD5200 : 385µs
• Hyperion HC18 : 16µs

Source: Intel Developer Zone



Deep Neural Networks, DNN on Hyperion

• 412 million Axons per second
equivalent to
• 4.08 TeraOps/sec

Compare to:

*) Source Google, In-Datacenter Performance Analysis of a Tensor Processing Unit



Autonomous Intelligence@Home

Local Intelligence

Cloud Intelligence

From here …

… to there



Industry 4.0



Self Driving Cars

Today‘s solution



Self Driving Car
• Analysis based on NVIDIA‘s DAVE-2 project*)

• NVIDIA DRIVE PX platform
• Two Tegra X1 SoCs

• Hyperion requirement analysis
– All kernels fit on 32 PE array
– 1,848,495 cycles required per frame
– At 20MHz clock 93ms processing time
– At 100MHz for 10fps (NVIDIA 

specification): 186ms

• Hyperion Chip HC18-SDC
– Small array of only 32 PEs
– Clock frequency 100MHz
– Cost: ~10USD

HC18 performance
analysis (cycles)

130
90

900
12,440

282,627

365,571

289,877

659,021

237,839

total 1,848,495

*) See paper: End to End Learning for Self-Driving Cars; NVIDIA



The position



FPGA-Prototype Implementation





http://www.straitstimes.com/singapore/steps-to-shrink-mountain-of-e-waste-through-better-recycling



http://www.eco-business.com/news/how-smart-is-singapore-at-recycling-e-waste/
http://www.straitstimes.com/singapore/environment/singapores-mountain-of-e-waste

http://www.eco-business.com/news/how-smart-is-singapore-at-recycling-e-waste/
http://www.straitstimes.com/singapore/environment/singapores-mountain-of-e-waste
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L. Reh / Particuology 11 (2013) 119– 133



Stacks of paper waste at a dock in Hong Kong, after China imposed a ban on imports of 24 types
of rubbish, including unsorted scrap paper, in July 2017.PHOTO: REUTERS



Waste Paper as a High Value Add Resource

http://www.gea.com/en/technology-talks/nanocellulose.jsp



Waste Paper as a High Value Add Resource













http://www.nea.gov.sg/industry-transformation-map



http://www.nea.gov.sg/industry-transformation-map



http://www.wrap.org.uk/
http://www.mdpi.com/2071-1050/8/7/647/htm

Linear Economy to Circular Economy

http://www.mdpi.com/2071-1050/8/7/647/htm


The CE concept is trending both among scholars and practitioners. 

Over 100 articles were published on this topic in 2016, compared to ~ 
30 articles in 2014

The major consulting firms Accenture, Deloitte, EY and McKinsey & 
Company all have published on CE in the past two years

The main aim of CE is sustainable development i.e. economic prosperity, 
environmental quality, and impact on social equity and future 
generations.



Resources, Conservation & Recycling 127 (2017) 221–232



CE- an industrial system that is restorative or regenerative by intention and design.
It replaces the ‘linear economy or end-of-life’ concept with restoration, shifts
towards the use of renewable energy, eliminates the use of toxic chemicals, which
impair reuse, and aims for the elimination of waste through the superior design of
materials, products, systems, and, within this, business models.

Resources, Conservation & Recycling 127 (2017) 221–232

Circular Economy, CE is an alternative to a traditional linear economy. In CE, we
keep resources in use for as long as possible, extract the maximum value from them
whilst in use, then recover and regenerate products and resources/materials at the
end of each service life. CE is derived from semi-scientific and empirical concepts.
CE emphasizes the 3Rs (reduce, reuse, recycle) and the 6Rs (reuse, recycle, redesign,
remanufacture, reduce, recover). In other words, nothing is lost!







A reverse 
vending 
machine, 
which 
identifies, 
sorts and 
collects 
used cans 
and 
bottles for 
recycling





https://www.bioenabletech.com/smart-bins-for-smart-city.html



IoT and AI enabled smart waste collection

Jose M. Gutierrez et al. / Procedia Computer Science 61 ( 2015 ) 120 –
127, https://doi.org/10.1016/j.procs.2015.09.170 
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Waste heat recovery system and IoT

www. qubitor. com 
88

200 400 600 800 1000 12000
Temperature in C

Al ref fur. 

Zn refining furnace Ni refining furnace
1370 - 1650 C

Cu ref 
furnace

Steel ref 
furnace

Cu reverberatory 
furnace

OH
furnace

Cement Kiln
Dry Pr

Glass melting furnace

Hydrogen plants

Solid waste incinerators

Fume incinerators

Steam boiler exhaust

Gas turbine exhaust

Reciprocating engine exhaust
Recip. e/e 
ex - Turbo

Heat treating furnace
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Heat Recovery Process including MPPT systems (typical)

Waste heat recovery system and IoT

www. qubitor. com 
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Waste heat recovery system and IoT

• ~ 1kW for 100℃ with 50 sq meter hot 
spots (more kW for higher 
temperatures). 

• conversion efficiency about 7 - 10%
• life (duration) about 10 - 12 years

• An industry emitting heat between 
100℃ - 400 ℃ which typically 
loses between 20-30% of energy as 
heat and hence, in average 2-3% of 
energy can be restored and re-used 
using TEG



1 tonne of oil equivalent in Fossil fuel power station = 11,628 kWh (Total energy generation capacity)

4797.4kWh

2325.6kW

4,505kWh

11,628kWh

Useful electricity (38.7%)

Coolant (20 %)

Waste heat (41.3%)

A staggering amount of 4797.9kWh is being wasted as heat

Thermoelectric generator (TEG) efficiency η= ~12% at above 250 ℃ will recover 0.575kWh energy from the waste heat

Hence the overall energy generation efficiency of the power plant can be improved to 5080kWh after implementing TEG

www.qubitor.com

http://www.qubitor.com/
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Waste heat recovery system using IoT



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.



Applied Materials Today 10 (2018) 127–132  https://doi.org/10.1016/j.apmt.2017.12.015 



Applied Materials Today 10 (2018) 127–132  https://doi.org/10.1016/j.apmt.2017.12.015 



Applied Materials Today 10 (2018) 127–132  https://doi.org/10.1016/j.apmt.2017.12.015 



Materials Informatics

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

@ Seeram RamakrishnaJournal of Intelligent Manufacturing, https://doi.org/10.1007/s10845-018-1392-0



Materials Informatics helps you with ….

o Materials selection (matching with product design)

o Materials designed for functional performance

o Modeling and simulation- property & failure prediction

o Matching materials and processes

o Matching with service performance

o Materials efficiency

o Materials designed for environmental performance

o Material solution for recycling, upcycling and zero waste

Web-Based 
Materials 
Informatics

@ Seeram RamakrishnaJournal of Intelligent Manufacturing, https://doi.org/10.1007/s10845-018-1392-0



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



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



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



NISP E-Symbiosis US Materials 
MarketPlace

Country UK Greece US
Year 2006 2010 2015
Platform Web-Based Web-Based Web-Based
Scale National International International
Opportunity 
Identification

Yes Yes Yes

Identification Method Input Output Match
Relationship 
Mimicking

Input Output Match
Process 
Characteristics

Supply & Demand

Knowledge Management System to Support Waste-to-
Resource Matching: Application in Paper Waste



Mr Arthur Huang's upcycling company has created 1,200 new materials from
trash. In his right arm is a concrete-like building material made from 2,000
cigarette butts. Sitting on it are air filters made from old clothes. The piece of
fabric in his left hand is made from plastic bottles. A database of Miniwiz's
materials will be opened to 100 universities, and students will receive funding to
create new products with the materials. http://www.straitstimes.com/singapore/environment/from-trash-to-treasure





Human progress has been defined by 
o hunter-gatherer (Society 1.0)
o Agriculture (Society 2.0)
o industrial revolution (Society 3.0)
o information revolution (Society 4.0)

Society 5.0
Physical space and cyberspace will be seamlessly connected
via integration of emerging technologies such as artificial
intelligence, machine learning, Big Data, and augmented
reality into every aspect of life

CONCLUSIONS



Aris Pagoropoulos et al. / Procedia CIRP 64 ( 2017 ) 19 – 24
Saidani, M., Resources, Conservation & Recycling (2017), http://dx.doi.org/10.1016/j.resconrec.2017.06.017

109

IoT, Big Data, AI & Materials Informatics enable 
Circular Economy



Sectors with greater impact of IoT, Big Data, AI, Materials Informatics on Circular Economy? 
Business Value? Customer Experience, Increased Quality, Lower Costs, Operational Efficiency, Lower Environmental Effects 

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



http://www.straitstimes.com/business/economy/relax-manpower-rules-to-help-firms-go-digital-kpmg

Thank you
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