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Outline of talk

• Digitalization
• New industry, new manufacturing
• Technology (r)evolution
• Theory experiments and simulation 
• HPC and Big Data … towards quantum computing
• Convergence of technology
• Digital twins, IoNT and AI

• The future of jobs
• The job market in 2030
• Skills and competences required
• The effect of artificial intelligence

• The role of higher education
• Science, technology and society
• Indicators pushing economy



The platform evolution



Towards Industry 4.0 ( and beyond … )



The nine pillars of Industry 4.0 



Estimated potential economic impact of 
technologies in 2025



Strategic Technologies



Technologies likely to be adopted by 2025 
(by share of companies surveyed) 

Source: Future of 
Jobs Survey 2020, 
World Economic 
Forum. 



Merge of real and virtual world





Pillars of 21° century scientific method



Material Genome Initiative (MGI)



Modelling across the length scales



Multiscale Molecular Modeling: the 
concept



Life Cycle Assessment (LCA)
• Integration of process and product design into LCA

• Allow personalized data for process and product

• Improve the LCA in the production step



Molecular Simulation vs Theory

• Advances in computational hardware and algorithms
• Moore’s law

• Gordon Bell Prize: 1Gflop/s in 1988 vs. 27 Tflop/s in 2002

• More than four order of magnitude increase in 14 years

• Add 2-3 orders of magnitude from parallelization (cheap today)

• Costs driven by consumer market



Number of transistors on a sliver of 

silicon would double every two years

Moore’s law



Molecular Simulation vs Theory

• Advances in computational hardware and algorithms
• Moore’s law

• Gordon Bell Prize: 1Gflop/s in 1988 vs. 27 Tflop/s in 2002

• More than four order of magnitude increase in 14 years

• Add 2-3 orders of magnitude from parallelization (cheap today)

• Costs driven by consumer market

• Costs for experiment?
• Labor-intensive, high capital costs

• Costs for theory?
• Labor-intensive 2

Do graduate students and/or lab personnel/equipment improve 

by an order of magnitude every five years?



GPU performances (GFLOPS)



HPC vs GPU performance (GFLOPS)
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Top 500 HPC evolution in time

Computer 
power in 
GFLOPS

Year

= 10 exaFLOPS



The exaScale Power Enigma: why we 
have to turn to Brain-inspired computers

• Straight forward extrapolation results in a Real time Human 
brain scale simulation at 1-10 exaFLOPS with 4 PB memory

• A digital computer with this performances might be  available in 
2022-24 with a power consumption 
of > 20-30 MW

• The human brain runs on 20 W

• Our brain is a Million times more 
power efficient



Accessible MD time and length scales 

memory limit

Cannot reach boundaries of length-time 
space with MD alone.

*1 week on 
Roadrunner – 1 
PFLOPS machine, 
fast EAM 
potential



Accessible MD time and length scales 

Cannot reach boundaries of length-time 
space with MD alone.

Expected to be even worse at exascale…*1 week on 
Roadrunner – 1 
PFLOPS machine, 
fast EAM 
potential



Quantum computing may be the solution?



Invest in algorithms  … or computer HW?



Data explosion



Data explosion



Data explosion



Converging foundational technologies - NBIC



Internet of Nano Things (IoNT) for 
healthcare applications
• Molecular communication networks

• Short range (Calcium signalling)

• Medium range (Bacteria)

• Long range (Hormones) 
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Global IonT market size



Wearable technology



Digital twins



Digital Twins: market Size 



Computer intelligence vs. human intelligence
• No generalized intelligence

• Is intelligent but remains an object

• Useful for repetitive tasks

• How about 5 senses? And sixth sense?



… but what is intelligence?

• Meaning of word intelligence has changed in the years
• Oxford: the ability to learn, understand and think in a logical way about 

things; the ability to do this well

• What was intelligence years ago is not anymore today
• In the past a chess champion was considered intelligent … today?

• Is moving toward creativity 
• … and therefore is moving 

away from AI 

• And in the future???
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A study finds nearly half of jobs are 
vulnerable to automation



The future of employment
Probability of massive reduction of occupation by 2030 

Source: Bureau of labor 
statistics, the Future of 
Employment (Frey & 
Osborne, 2013)



The future of employment

• Employment share 

Source: US census Bureau. 
Current population survey



Jobs of the future

(https://www.kent.ac.uk/c
areers/Choosing/future-
jobs.htm)



Growing and Decreasing job demand



The job landscape in 2025 

Rate of  Automation
Division of  labor as share of  hours spent (%)



The job landscape in 2025 
Automation and AI will accelerate the shift in skills that the 

workforce needs.

Source: McKinley Global 
Institute workforce skill 
model



Top 20 emerging 
jobs: 
rate of growth from 2012 
to 2017

In evidence jobs related to AI

Source: Linkedin. 2019



Italy: emerging and redundant job roles 

Source: Future of 
Jobs Survey 2020, 
World Economic 
Forum. 



Top 15 emerging 
competences in 2025

• New categories of jobs will 
emerge, partly or wholly 
displacing others

• 65% of children entering 
primary school today will 
ultimately end up working in 
completely new job types that 
don’t yet exist.

Source: Future of Jobs Survey 2020, World Economic Forum. 



Robots are coming !!!! Reskilling needs

• there’s a “growing skills 
instability” 

• where technology changes the 
profiles of many current jobs 

• different competencies are 
required. 

• It estimates that more than half 
of all employees will require 
significant re- and upskilling in 
the coming years. 



Reskilling needs by 2025



Optimization vs. creativity and Compassion  



Artificial intelligence and future of jobs

• Kai-Fu Lee: TED 2018 - Vancouver



5 new jobs for humans (…when robots will 
conquer the world)

1. Singing teacher for robots 

2. Plastic surgeon for robots. 

3. Nurse for robots. 

4. Travel agent for robots. 

5. Organizers and referees of contests for robots. 
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Disciplines ….
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Science, technology & society



Innovation in Science: role of SSH
• An investment for the future 

should stress:

• Blue sky research

• A multidisciplinary advantage

• Creation of critical mass on 
global 
challenges – group work

• Research and education and 
culture

• Knowledge transfer for a 
competitive economy

Culture

Curiosity

Creativity

Competency



The ‘digital humanism’ of Julian Nida-Rümelin
• XXI century challenge is not 

technology, but ethics

• Hal in 2001: Space Odissey
• Intelligence hovering between delirious 

of omnipotence and childish stupidity 
... nightmare of submission to machines

• Computer is NOT a semantic 
machine: 

• Follows algorithms …

• … does not understand
the meaning of a 
language

• ... nor intentions of a 
human being.



Michelangelo,  Sistine Chapel: “The Creation of Adam ”, 1510 

Life is …



Michelangelo,  Sistine Chapel: “The Creation of Adam ”, 1510 

Life is … knowledge!



“If you think education is expensive, 

try ignorance” 

Derek Bok - Presidente of Harvard 

University 1971-1990 

… anyway!!


