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Panel Discussion:
Industrial Sustainability



1. Panelists

Mr. Thomas Hahn Prof. Ragu Athinarayanan Prof. Fumihiko Kimura
Plattform Industrie 4.0 / Professor of Smart Manufacturing Professor Emeritus
Fellow, Siemens AG & Industrial Informatics, The University of Tokyo

Purdue University

Ref:

https://privacysymposium.org/speakers/thomas-hahn/

https://polytechnic.purdue.edu/profile/rathinar
https://monoist.itmedia.co.jp/mn/articles/2011/18/news006.html m #INDUSTRIEA4.0 ."fiCESMH 1
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3. Motivation
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4. Motivation
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5. Tri-regional joint project

* Experts from Japan, US, and EU to discuss the issue, bringing together key
facts from each region.

* Held some online meetings and will publish a discussion paper next spring.

Mr. John Dyck

Dr. Sudarsan Rachuri
Clean Energy Smart Mfg.  US Department of Energy
Japan Science and Tech. Japan Innovation Institute, USA

Dr. Hitoshi Komoto

Prof. Ragu Athinarayanan
National Ins. of Adv. Ind.

Purdue University, USA

Prof. Shinsuke Kondo
The University of Tokyo

Dr. Youichi Nonaka

f U Prof. Fumihiko Kimura
Hitachi Ltd. Japan The University of Tokyo

Mr. Thomas Hahn, Prof._ésqar Lazaro _ Dr.Sicco Lehmann-Brauns  Prof. Peter Liggesmeyer, Dr. Marc Heuske,
Siemens, Germany Asociacién Innovalia, Spain ~ Siemens, Germany Plattform Industrie 4.0, VDMA, Germany
R ' Germany
Ref: ¥ hitachi.co, d, td/yoichi. k dex.html, itmedia.co, les/2011/1 006.html, http://racetu-tokyo.acjp/member/%E8%BF%91%E8%97%A4-%EA%BC%BBYEA%B, E; ¥ IT L,
h polytechnic.purdue.ed ile/rathinar, https: - -john-dyck-chief- -officer- y nerg d i head - i htps://privac h hahn, [ s rtrrosun
s A e e Sdck Anpac il bestcomusar batufciulo "1 _iNDUSTRiE4.0 YZCESMII 5



https://www.hitachi.co.jp/rd/about/leaders_td/yoichi_nonaka/index.html
https://monoist.itmedia.co.jp/mn/articles/2011/18/news006.html
http://race.t.u-tokyo.ac.jp/member/%E8%BF%91%E8%97%A4-%E4%BC%B8%E4%BA%AE/
https://unit.aist.go.jp/icps/index_en.html
https://polytechnic.purdue.edu/profile/rathinar
https://www.manufacturingusa.com/news/cesmii-appoints-john-dyck-chief-executive-officer-ceo
https://www.energy.gov/eere/ampedup/articles/rachuri-head-new-smart-manufacturing-institute
https://privacysymposium.org/speakers/thomas-hahn/
https://www.interempresas.net/Sector-Automocion/Articulos/209458-Entrevista-a-Oscar-Lazaro-director-de-la-Asociacion-Innovalia.html
https://itif.org/person/sicco-lehmann-brauns/
https://www.iese.fraunhofer.de/de/ueberuns/directors/cv_liggesmeyer_deutsch.html
https://automationspraxis.industrie.de/news/vdma-gruendet-forum-manufacturing-x/

6. Today’s discussion items

1. Current activities for Industrial Sustainability in each region
2. Labor productivity, trade openness, incentives
3. New/lost jobs, Gig work, workforce strategies

4. Policies and concepts for automation of work and
digitalization/sharing/utilization of skills/know-how

;;;;;;;;;;;
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Panel Discussion: Industrial Sustainability

Session 1.

Current activities for Industrial Sustainability in each region



U.S. Long-Term Initiatives for Planetary
Boundaries and Human Well-Being

1. U.S. Commitment to Sustainable Development Goals (SDGs) [1]
. U.S. National Climate Strategy (Net-Zero by 2050) [2]

. America’s Climate Resilience and Adaptation Efforts [3]

. The Circular Economy Transition [4] () SUSTAINABLE ( &
“‘*o, “ DEVELOPMENT " ALS

3 ommom 4 wum [ §ryieid
3 it EDUCATION (=4

. The Justice40 Initiative [6]
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. Innovation and Transition to Clean Energy Technologies [7]
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5. Sustainable Agriculture and Food Systems [5]

: it
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. Energy Storage and Grand Challenge [8]

l,n\

9. Mainstreaming Nature Initiative [9]

[1] https://www.usaid.gov/sdgs
[2] https://www.whitehouse.gov/wp-content/uploads/2021/10/us-long-term-strategy.pdf
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[3] https://www.sustainability.gov/federalsustainabilityplan/resilience.html

[4] https://www.epa.gov/circulareconomy

[5]https://www.usda.gov/oce/sustainability/foodsystems#:~:text=USDA%20supports%20many%20programs%20to,all%20communities%2C%20building%20new%20markets
[6] https://www.whitehouse.gov/environmentaljustice/justice40/

[7] https://www.energy.gov/eere/clean-energy-innovation

[8] https://www.energy.gov/energy-storage-grand-challenge/energy-storage-grand-challenge

[9] https://www.whitehouse.gov/ostp/news-updates/2024/08/01/ostp-climate-environment-leaders-emphasize-key-role-of-nature-in-u-s-federal-policy/



https://www.usaid.gov/sdgs
https://www.whitehouse.gov/wp-content/uploads/2021/10/us-long-term-strategy.pdf
https://www.epa.gov/circulareconomy
https://www.whitehouse.gov/environmentaljustice/justice40/
https://www.energy.gov/energy-storage-grand-challenge/energy-storage-grand-challenge

Industrial Sustainability: Private Sector &
Government Programs

1. Private Industry:

* Resource Efficiency & Waste Reduction: Focus on energy, water, and
material nexus & implementing ReX (Reduce, Reuse, Recycle) with
circularity practices.

* Regulations and CSR: Compliance with EPA standards, Corporate Social
Responsibility initiatives.

* Climate Risks Disclosures: SEC requirements for GHG Protocol (Scope 1,
2, 3) disclosures, financial impacts, and climate transition plans.

* Chief Sustainability Officers (CSOs): CSOs for accountability.

2. Government Programs:

* DOE: Clean Energy transition, Industrial Decarbonization, Carbon Capture
and Storage (CCS), Hydrogen Roadmap, and Circular Economy.

* Energy Storage & Mobility: Grid-level energy storage and clean mobility
investments.

* Equity and Sustainability: Justice40 (EJ40), EPA guidelines, and the OSTP
Mainstreaming Nature initiative.

* State-Level Initiatives: Numerous state-led initiatives, with California
leading on net-zero and clean energy policies.




A Public-Private-Partnership To Promote a Sustainable National
Manufacturing Infrastructure in the U.S.

MANUFACTURING
NIST EXTENSION
PARTNERSHIP

Manufacturing USA is a national network of 16 MEP is a public-private partnership with

@@@@@@

manufacturing innovation institutes created Centers in all 50 states and Puerto Rico — with

to secure US. global leadership in advanced over 1400 trusted advisors and experts at

manufacturing through large-scale public-private more than 385 MEP service locations working

collaboration on technology. supply chain, and side-by-side with manufacturers to reduce costs, ManufacturingUSA
education and workforce development. The improve efficiencies, develop the next generation @ @ @ @
institutes, sponsored by the U.S. Departments of workforce, create new products. find new markets e AIAA AR

Defense, Energy and Commerce, partner with six and more. anwa "‘I‘;f":“'i AmericaMakes ARM

Additive
Photonics Manufacturing ‘?gf&?::

additional federal agencies.

TECHNOLOGY @ @ 6 e
DEVELOPMENT i BioMADE i/
TECHNOLOGY @biofabusa (§ ' Bio SACESMIT Pl ey
Manufacturing USA: JLLAAR MEP: Focuses on deployment | jeoerste § Sondtiel B eneouing ||| Momracora.

Builds future manufacturing of available technology and © (&) (&) &)
capabilities through applied business practices primarily -~ . et
research for technology to small and medium-sized iemi £ lift e

development, along with the Dt oo
requisite workforce skills.

propuction  manufacturers (SMMs). Jvences vantweiont W o8 ing |  Electronios

Metals

\-y (&N
0= 0"="0
Bio- (:\I'\:'cg;‘.lll;rl INSTITUTE PowirAMIRICA

phamaceutical Process PR :\ﬁd_EBandgap
M ing Intensificat tor

Manufacturing
ﬁ

https://www.manufacturingusa.com/pages/manufacturing-usa-and-manufacturing-extension-partnership

Copyright © 2024 CESMII - All Rights Reserved.




11 Current activities for Industrial Sustainability in Japan
* National vision and programs for industrial sustainability

Council for Science, Technology and
Innovation: CSTI (Cabinet Office)

The 6t Science, Technology, and
Innovation Basic Plan (2021-2025)

sustainability + well-being

Society 5.0: "a sustainable and resilient society to
realize diverse well-being via CPS"

 The Moonshot Research and Development
Program

Ambitious goals to yield significant impact

* Cross-ministerial Strateqic Innovation
Promotion Program: SIP

Research and development from basic research
to social implementation through
industry-academia-government collaboration.

Phase 3 (2023-2027): 28 billion yen/year, 5-year
project, 14 projects

National basic plans towards sustainable
society
» GX basic plan (METI)

« Strategic energy plan (METI)

 Global warming basic plan (Ministry of the
environment)

* Policy for climate changes (Cabinet Office)

Examples of national development programs

* Green technology of excellence program:
GteX (JST)

battery, hydrogen, bio-manufacturing, etc.

* Advanced low-carbon NEXT research and
development program: ALCA-NEXT (JST)

energy storage, green biotechnology, green computing, etc.

 Carbon footprint: guideline (METI, ME)

11



12 Current activities for Industrial Sustainability in Japan
National and industrial initiatives for industrial sustainability

Ministry of Economy, Trade and Industry

(METI)

Green Growth Strategy Through Achieving

Carbon Neutrality in 2050 (2023)

» GX League (METI)
Aiming for economic and social reform to
achieve 2050 carbon neutrality.
679 member companies

» Green x Digital Consortium (JEITA)
CO2 Visualization Framework, etc.
150 member companies

Materials housin hﬂusm
. ﬁﬁe ﬁﬁ. “ﬁ‘ﬂﬁ:'w

E=2 = = = =

Data linkage between digital solutions
for visualizing carbon data emissions

JEITA: Japan Electronics and Information Technology Industries Association

Individual projects funded by NEDO

« CCUS implementation

» Innovative circular process for plastics

* Innovative circular process for aluminum

» Basic process technology for used electric
and electronics products

* etc.

Individual projects funded by JST

» Social scenario research program towards a
carbon neutral society

* etc

NEDO: New Energy and industrial technology Development Organization (METI)
JST: Japan Science and Technology agency MEXT)

W1 iNDUSTRIE4.0 YZCESMII 12



13 Current activities for Industrial Sustainability in Japan
* National and industrial initiatives for industrial sustainability

Initiatives for supporting industrial Science Council of Japan: SCJ (MEXT)
sustainability academic advice to CSTI
« Green Japan, Green innovation: Green ,

innovation fund (NEDO) *Recommendation
* Asia zero emission community: AZEC (METI) Transforming Society to Become Resilient and Sustainable

. . beyond Catastrophic Disasters (2023)

 Climate change adaptation platform: A-

PLAT (National institute for environmental Designing Society by Implementation of Automated Driving

studies) for Future Generation Mobility (2023), etc.
« Action plan for low carbon society *Advisory opinion

(Keidanren) Toward Sustainable Development of Offshore Wind Power at
e etc. Active Margins -Importance of Submarine Geohazard Risk

Assessment- (2023), etc.
*Report

Issues toward circular economy: balancing of resource
circulation and carbon neutrality (2023), etc.

;;;;;;;;;;;

W1 LiNDUSTRiE4.0 2CESMII 13



14 Current activities for Industrial Sustainability in Japan
' In context of research and development at a national level

SIP program: Circular Economy System based on Information Sharing Platform
(2023-2027) 19 companies, 12 universities, 3 national laboratories, 1.3 billion yen/2024

* Objective
Establishment of upgradab|e Mission 1 Mission 2 Mission 3
material circular processes for Information Horizontal Higher circularity
plastics integrated with sustainable sharing platform federation of by design of
product design for quantitative manufacturing materials and
management of and circular products
» Task material flow processes
a.Information sharing platform for
material, production, etc. Mission 4
b. Dlgltallzath_n of CIrCUlar Processes Information disclosure for new business opportunity with TCFD* and
for traceability and horizontal TNFD*
processes
c. Establishment of circular value Mission 5
chain with proper data collection _ . N :
) Promotion of circular economy with mind-set change and social
» Target objects acceptance

Plastics materials and products

(*: TCFD: taskforce on climate-related financial disclosure, TNFD: taskforce on nature-related financial disclosure)
https://www8.cao.go.jp/cstp/gaiyo/sip/sip_3/keikaku/circulareconomy.pdf (in Japanese)
https://www8.cao.go.jp/cstp/gaiyo/sip/sip_3/230324gaiyo_1.pdf (in Japanese) m INDUSTRIEA4.0 .Y‘rfCESMII 14



15. Current activities for Industrial Sustainability in Japan
in context of research and development at a national level

SIP program: Human-Machine Collaborative Robotics in Human-Cyber-Physical Space
(2023-2027) 12 companies, 3 universities, 1 national laboratory, 1.13 billion yen/2024

« Combining human physiological,

physical, cognitive, and ' 2 I o)

psychological information with Al ‘,‘-;;,;_5'-5‘ @ 1 ‘g-ﬁ' Vi

and robotics in physical and cyber | % - ' & o F 03 - <)

spaces. -:‘&{_ \\ ~7i
» Developing robots that can work ! \8 ———ta ,.cps.a“.mﬂ,x e €‘ I )

TAL + THAIS— « T SHILER; DRE

alongside humans, enhancing
their capabilities and supporting
their daily activities.

» Enhancing productivity and safety
in various industries

» Use case implementation in 2027

https://www.sip.go.jp/sip/05.html (in Japanese)
https://www8.cao.go.jp/cstp/gaiyo/sip/sip 3/230324gaiyo 2.pdf (in Japanese) ™ iNDUSTRiE4.0 ¥2CESMII
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https://www.sip.go.jp/sip/05.html
https://www8.cao.go.jp/cstp/gaiyo/sip/sip_3/230324gaiyo_2.pdf

1 6. Current activities for Industrial Sustainability in Germany/Europe

International Manufacturing-X (IM-X): Make Data Work @

IM-X will implement a federated, decentralized and collaborative data ecosystem for smart manufacturing.
Open, global and cross-industry, following FAIR Data Principles.

= Internatiaqal
Manufacturing-X

Smart & Connected Industries

CESMII

JINDUSTRIEA4.0 INDUSTRIE 4.0

(OSMO P

...........

T _INDUSTRIE4.0 ¥2CESMII 16



1 7. Current activities for Industrial Sustainability in Germany/Europe

E.g. sustainability related Use Cases of Factory-X

11 Use Cases for Integrated Toolchains | | Information Update Collaborative
horizontal and and Collaborative and Change Information
vertical data Engineering Service & Logistics
oy e ’ g
transfer (_X_) S - ,
Condition Modular Manufacturing as a Autonomous
Monitoring led Production Service — On Demand | | Operation-as-a-
Services Manufacturing oemana Service
f;. g ¥ 5,
> L
Traceability Energy-Consumption | | Carbon Footprint Circular
and Load Management Economy
Management _, e
e N 7 £ fve,
Ve o :F R "‘

Kernel & Basis Services esp. interoperability addressing multi-vendor/multi-regions
(working items addressed with IMXC - partially)

9aoual|Isay

M)X)

W1 iNDUSTRIE4.0 YZCESMII 17



1 8. Current activities for Industrial Sustainability in Germany/Europe

=D

European
Digital Innovation
Hubs Network

What is
an EDIH?

A European

Digital Innovation
Hub (EDIH) is a
support facility that
empowers companies
to become more
competitive

by supporting

their digital
transformation.

Welcome to the

European Digital

Innovation
Hubs Network

Who does an
EDIH help?

Seal of
Excellence EDIHs

countries

categories

\ of services

sectors

30

types of
technologies

The European Network of
DIHs (EDIHs):

Vibrant and collaborative
pan-European network of
regions & experts in digital
technologies and their
business applications, who
are dedicated to supporting
small and medium-sized
enterprises (SMEs) in their
journey towards digital
transformation.

Each individual DIH brings
together the key players of
the quadruple helix
(corporates, investors,
academics & innovators)

-----------
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19. Current activities for Industrial Sustainability in Germany/Europe

Knowledge Hub TWG SME Transformation Journey

&)

—_—
Working Groups EREEEE

' No understanding
of digital

" i SME developing transformation
(G CONST | CVBER software platforms and and its impact on
: , workflows to digitalise Challenges productivity
Guidance EDIH Academy Thematic Working Digitalisation - identified
documents ey N v Groups projects and factory floor operations by EDIH O Lack of automated
Azzess = comprenensie Wi range of oine g Jom & consoormte space initiatives ¥ data analysis process
resources for all EOH where EDIH Neawork Ouscover lesaing
Netwerk mamoars mamoers win snarea cgraisaton Tstves et O Low energy efficiency
imeres’s connect, exchange &re reshaping the oighs © Implementation of a
Sess ano e aeszace © Reduced market
comrarar

digital strategy adaptability
O Manufacturing data
analysis

DEM

Digital Health

Digital B EDIH
. O Use of deep leamin .
) N g solutions &
to explore energy and services
‘ quality impact VIREs
oy © Installation of
EDIH Network Access to finance Success stories and devices to menitor O SME connected to the
Annual Summit Eaicee i oploos b Good practices (E@NNI . . .
i ore financing op - and record production Big Data Platform
Fing out 8it he nformazion hep Dusnessas secure Ge: inspirea by examples of |J
oust e EO! * =g ~rousion s eecive and energy usage .
rensmprusspsp| [l e iy Sl o e e e O New automatic data
Expicre e agends. gl yanstormation scross analysis system
Speskers, and key 100ICS, e EU.
370 gain Insighs 10 past C Models built to predict
v i accens o evse Results quality metrics and
manerials snd highlights.
energy usage

The EDIH Network Thematic Working Group (TWG) on Data l E%g&ﬁm
in Manufacturing (DiM) provides an active community for “ market trends
EDIHs to agree on areas of collaboration, investment as well

on effective mechanisms for cooperation and support to % @ @ @ﬁ‘: @\:' *

drive Al and data economy of manufacturing SMEs. e N

-----------

W1 iNDUSTRIE4.0 YZCESMII 19




2. Current activities for Industrial Sustainability in Germany/Europe

e.g. application project .ROX

“Digital ecosystem for Al-based robotics”

= The comprehensive use of robotic systems enables a significant strengthening of a large number of
industries - e.g. for manufacturing companies and companies with large logistical efforts or service
components (loading/unloading, order picking, etc.).

= Focus is on Technology Readiness Level TRL 5-8

= Very strong consortia will address this opportunities!
24 partners from industry, research and associations are partner

= Use cases are

= Loading and Unloading
= Order picking and kitting
= Automation of production

= Al for robot commissioning

Thomas Hahn, Siemens AG, 30/07/2024

20
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Panel Discussion: Industrial Sustainability

Session 2.

Labor productivity, trade openness, incentives
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22. Labor productivity

Definition in US
Total Output

Total Hours Worked

Labor Productivity =

1. Total Output: This is usually measured in terms of Gross Domestic Product (GDP) or the total

value of goods and services produced. In manufacturing, it may refer to specitic output units like

goods produced.

2. Total Hours Worked: This includes the sum of all hours worked by employees in the economy or

specific sector. It accounts for both full-time and part-time workers.

This is different from the indicators that Japan, including the Japan Productivity Center,
has used for the past few decades. It appears that the Japan Productivity Center also
began using this indicator mainly in 2011.

;;;;;;;;;;;

Ref: “JP-US-EU Project for Industrial Sustainability”, Sudarsan Rachuri, PhD (US Dept of Energy), John Dyck, (CEO, CESMII), Ragu Athinarayanan (Professor, Purdue University), September 17, 2024 m #INDUSTRIEA4.0 .ﬁcESMII 22



23. Labor productivity in several countries

GOF per hour worked (in 2021 US dollars)

Glpba! average: F1.46

10 Sub-Saharan Alrica

India

2021

Othar Mature
Economies

Japan
ELL13
Russia, Central Asia
and 5E Europe

Middle East &
North Africa

Other Developing
Asian Economies

Population

2022
Ranking | Country prodbgtti)\(/)i;y ($)
1 Ireland 154.1
P Norway 149.9
9 UsS. 89.8
1 Germany 87.2
13 France 83.9
OECD average (65.2)

29 Portugal 52.6
30 Japan 523
31 Slovakia 517
38 Colombia 19.8

(Source: Japan Productivity Center)

The Yomiuri Shimbun

«Japan's labor productivity is low compared to Europe, US, and the OECD average.

-----------

Ref: “JP-US-EU Project for Industrial Sustainability”, Sudarsan Rachuri, PhD (US Dept of Energy), John Dyck, (CEO, CESMII), Ragu Athinarayanan (Professor, Purdue University), September 17, 2024 m
OECD: Organization for Economic Co-operation and Development -1IINDUSTRIE4.0 ﬁcESMII 23



24. Labor productivity in US

¢ Manufacturing Sector: Output per Worker for All Workers rs3o006163) DOWNLOAD &
Observation: Units: Frequency: 1Y 15Y | 10Y | Max
03 2023- 95.423 Index 2017=100, Quarterly ‘ Rl

(+ more) Seasonally Adjusted _ - EDIT GRAPH &3
. 1987-01-01 to 2023-07-01
Updated: Dec 6, 2023

FRED 247 = Manufacturing Sector: Output per Worker for All Workers

o
100
@ Global Financial Crisis Era of Industry 4.0
. v e
1090 1008 2000 2005 2015 2020
*How should we view the relationship between Industry 4.0 results and labor productivity ?

Ref: "JP-US-EU Project for Industrial Sustainability”, Sudarsan Rachuri, PhD (US Dept of Energy), John Dyck, (CEO, CESMII), Ragu Athinarayanan (Professor, Purdue University), September 17,2024 8 i nieTnil

September 17, 2024
Copyright © 2024 CESMII - All Rights Reserved. P H'l +INDUSTRIE4.0 #2CESMII 24



2 5 Trade OpenneSS Sum of exports and imports, percent of GDP

IMF Staff Discussion Note, Jan.2023

1870-1914 1914-45 1945-80 1980-2008 2008-21
Industrialization Interwar era Bretton Woods era Liberalization 'Slowbalization'

60

Sum of exports and imports, percent of GDP

0
1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
* |s there a correlation between labor productivity and trade openness?

« Was the reality up until 2008 that value-added work was kept in the country
and the rest was imported from other countries? e

Ref: Geoeconomic Fragmentation and the Future of Multilateralism, IMF Staff Discussion Note, Jan.2023 [ = oo
https://www.imf.org/en/Publications/Staff-Discussion-Notes/Issues/2023/01/11/ m .1IINDUSTRIE4.0 j‘rfBESMII 25



https://www.imf.org/en/Publications/Staff-Discussion-Notes/Issues/2023/01/11/

: Excerpt
26. Salary and Wages 18] US Per full-time equivalent employee in US, Z(E;Z

Statista Research Department, Max 22,2024

Information 155,667 US$
Management of companies and
enterprises 148,316
Finance and insurance 134,951
Utilities 128,605
Professional, scientific, and technical
services 122,960
Mining 120,889

Wholesale trade

Manufacturing

Real estate and rental and leasing

Government

99,541

82,629

81,358

79,137

Ref: https://www.statista.com/statistics/243834/annual-mean-wages-and-salary-per-employee-in-the-us-by-industry/ m .|INDUSTRIE40 .#BESMII 26



https://www.statista.com/statistics/243834/annual-mean-wages-and-salary-per-employee-in-the-us-by-industry/

: Excerpt
2 7 . Salary and Wag eS In J apan Average monthly cash salary per regular worker by industry in Japan, ZE))ZZ

Statistics Bureau, Ministry of HR Dep., Japan

Electricity, gas, heat supply, water supply I 556,322

Information and Communications Industry I 498,722 Yen

Academic research, professional and technical services I 488,868

Finance and Insurance IS 481,234

Mining, quarrying and gravel extraction I 451,294
Construction I 431,562

Real estate business, goods leasing business IEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENN——— 393,991
Manufacturing industry I 391,169

Education and learning support I 372,131
Complex Services Business I 369,057
Transportation, Postal Services I 362,988
Medical Care and Welfare I 302,143
Wholesale and retail trade I 203,213
Lifestyle-related services, entertainment I 215,357

Labor shortages in the manufacturing industry are a problem in many countries. Is the main
cause of this problem the declining birthrate and aging population, as is often said in Japan?
Or is it because incentives are lower than in other industries, as shown in the graph above?

nnnnnnnnnnn

Ref: https://www.stat.go.jp/data/nihon/19.html m .1INDUSTRIE4.0 ﬁcESMII 27



https://www.stat.go.jp/data/nihon/19.html

IIIIIIIIIII

1INDUSTRIE4.0
¥7CESMII

Panel Discussion: Industrial Sustainability

Session 3.

New/lost jobs, Gig work, workforce strategies
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E t(Top10
29. New jobs and lost jobs, 2023-2027 XCETP F(utﬁfouogs),

World Economic Forum, May 2023

Al and Machine Learning Specialists Statistical, Finance and Insurance Clerks

Sustainability Specialists Legislators and Officials
Business Intelligence Analysts Home Appliance Installers and Repairers
Accounting, Bookkeeping and Payroll Clerks
Material-Recording and Stock-Keeping Clerks
Administrative and Executive Secretaries
Data Entry Clerks

Cashiers and Ticket Clerks

Postal Service Clerks

Bank Tellers and Related Clerks

Information Security Analysts
FinTech Engineers

Data Analysts and Scientists
Robotics Engineers

Big Data Specialists

Agricultural Equipment Operators

Digital Transformation Specialists

0  +25 +50 A s
L. - Fraction of current workforce (%
Fraction of current workforce (%) (%)

mm Jobs created mm Jobs displaced <> Net growth or decline
Do countries recognize the importance of STEM education for the
younger generation and are they taking concrete measures to promote it?

* As part of lifelong education, are countries taking concrete measures to
enable workers to keep up with the ever-changing nature of work?

Ref: https://www3.weforum.org/docs/WEF Future of Jobs 2023.pdf, STEM: Science, Technology, Engineering and Mathematics m .1INDUSTRIE4.0 j‘rf[:ESMII 29
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30. Gig Workers in U.S. Manufacturing 1/2

1. A 2020 study by ADP Research Institute found that
skilled professionals make up a significant portion of
gig workers across industries!,

2. Professional Gig Worker Profilel?
*54% have a 4-year college degree or higher.
*Top fields for professionals include consulting and IT
53% provide skilled services such as computer o
programming, IT, and business consulting!!

3. An excellent source of educated pool of highly skilled
workers to address the skills gap.

o N

[1] ADP Research Institute. (2020). “llluminating the Shadow Workforce: Insights into the Gig Workforce in Businesses ‘ [

[2] MBO Partners. (2023). "State of Independence in America 2023."
[3] Upwork. (2022). "Freelance Forward 2022." m -----------
Ref: “JP-US-EU Project for Industrial Sustainability”, Sudarsan Rachuri, PhD (US Dept of Energy), John Dyck, (CEO, CESMII), Ragu Athinarayanan (Professor, Purdue University), September 17, 2024 uINDUSTRIEA4.0 -ﬁcESMII 30



31. Gig Workers in U.S. Manufacturing 2/2

4. Technology, connectivity and advances in digital platforms are making it easier to
integrate gig workers into manufacturing.

5. In 2021, 11-15% of all manufacturing workers in the U.S. were employed on a
temporary or contract basis#. This percentage is projected to reach 20% by 202501,

6. 38% of manufacturers are implementing B
flexible work models to attract and retain
workersbl,

Types of Gig work in Manufacturingf®!:
*17% in engineering or technical roles,
*51% in production and assembly,
*4.7% in maintenance/repair and
*12.4% in other roles

(e.g logistics, quality control)

[4] American Staffing Association. (2022). "Staffing Industry Statistics for Manufacturing Sector.”
[5] Deloitte and The Manufacturing Institute. (2021). "2021 Deloitte and The Manufacturing Institute Manufacturing Talent study.”

[6] U.S. Bureau of Labor Statistics. (2022). "Occupational Employment and Wages in Manufacturing." m AINDUSTRIEA4.0 ﬁBESMII 31
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32. Workforce strategies, 2023-2027

Future of Jobs, World Economic Forum, May 2023

Invest in learning and training on the job 81.2%

Accelerate the automation of processes 80.0%

Transition existing staff from declining to growing roles 45.5%

Outsource significant areas of work 25.5%

}®Geopolitical risks

Expand the use of contract work 24.3%

Hire significantly more permanent staff 22.4%

Reduce the current workforce significantly 12.8%

Share of organizations surveyed
planning to adopt these workforce strategies (%)

» They consider geopolitical risks and suggests that countries are investing
in education and automation within their own countries, rather than
outsourcing to other countries.

* |s this really the case in each country including the status of Gig work?

;;;;;;;;;;;

Ref: https://www3.weforum.org/docs/WEF Future of Jobs 2023.pdf H 1INDUSTRIE4.0 J‘rf[:ESMII 32
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34. Past project of Human-Machine-Interaction (2018-2019)

We discussed each society’s condition, workstyle, and policies of

future image of Human-Machine Interaction

.’" acatech
MNATIONAL ACADEMY OF @ ]E}!l%?]!l-el!i— \

SCIENCE AND ENGINEERING

lllllllllll

al NDUSTR|E4 0 ﬂ A i
% TECHNISCHE (-' % ;ﬁ k d&g

UNIVERSITAT '.: THE UNIVERSITY OF TOKYO

DARMSTADT
DISCUSSION

- L]

IVETSItY ; \ MEl]IUN&Mﬁ J s k
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Fraunhofdl | MW ELECTRIC

DR~ FesTo RIETIC

ml-otmllmmrmbw

 Clnfineon EIV. IPA= T ZZAIST

) Ref: https://en.acatech.de/publication/revitalizing-human-machine-interaction-for-
Published Sep2019 the-advancement-of-society-perspectives-from-germany-and-japan/

W1 iNDUSTRIE4.0 YZCESMII 34
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35. Key message of the past project

"Through digitalization, machines and humans will not only be able to help each other
physically but will also be able to help each other with explicit and tacit knowledge."

Past Now Future
O. O,
o 2 Qi of

Ma chlne Aid achlne

Multiverse
Mediation

Tradltlon Operation

For mac
Under

M




[1]AARP4(2023) "Older Worker dCIIb ativ Rbt M ufacturing.”
[2] Manufacturing Institute. (2023) G t n X Perspec Cbtltg ratio

[4] National Asso fM ufactu (2023) "Gen ZEp ectations in Modern Manufacturing.”
Ref: "JP—US—EUP J tf Industri IS t nability”, Sudarsan Rachuri PhD(USD ept 0 fE gy)J ohn Dyck, (CEO, CESMII), Ragu Athinarayanan (Professor, Purdue University), September 17, 2024

36 Multigenerational workers adapting to

* Human-Machine Interaction in U.S. Manufacturin

Collaborative Robots:

Their adoption in manufacturing has been growing rapidly due to their versatility and
ability to enhance productivity while accommodating diverse multigenerational
workforce needs. '

1. Baby Boomers (born 1946-1964): 70% report increased
job satisfaction due to reduced physical strain!']

2. Generation X (born 1965-1980): 80% report improved
work-life balance due to cobots taking on repetitive
tasks(e!

3. Millennials (born 1981-1996): 90% express enthusiasm
for working with cobots!3!

4. Generation Z (born 1997-2012): 95% expect to work
with cobots as a standard part of manufacturing jobs4

[3] Deloitte. (2023) M II ial Wol kf n Automate dM f ctur g 2023 Surve! y m

+INDUSTRIE4.0 ¥2CESMII 36



37 Current is mainly physical collaboration,
' not help each other with explicit and tacit knowledge.

Behavior and knowledge of human and machine span a wide range of time periods,
from microseconds to decades. Still no single system that covers all the time domains.

h M Reflection Element Performance Workforce Skill / carrier
uivian behavior Motion management management management

: SED GO Trajectory Transient
Machine _ - control Wear / deterioration
Processing phenomena

. Chemical reaction Arrangement/tooling/exchange Traceability management
Material
Flow control Quality control
Phyﬁicochemical Task synthesis / planning Process planning nYS‘,'{ge gr}]aé?]t
enomena
Method : <
Motion capturing / control Dispatching

>
1us 1ms 1s 1min lhour lday 1week lyear 10year
HMI: Human-Machine-Interaction Time domain

ELSI: Ethical, Legal, and Social Issues
Source: Hitachi, © Hitachi, Ltd. 2024. All rights reserved. m .1INDUSTRIE4.0 ﬁCESMII 37



38 A unified approach to enhance Industrial Sustainability by leveraging
- the mutual explicit and tacit knowledge between humans and machines

What kind of data and knowledge can and should be shared need to be

discussed in terms of both technical capabilities and social rule-making
I

huMan

Machine

Processin

. Chemic Overage O
Material C()"a Dlgltal
_— rob Product
e v— Passport
1us 1ms 1s 1min 1hour 1da; 1week lyearT_ éLOyez_:r

ELSI: Ethical, Legal, and Social Issues

-----------

Source: Hitachi, © Hitachi, Ltd. 2024. All rights reserved. m .1INDUSTRIE4.0 ﬁCESMII 38
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40. Summary

1. The growth rate of labor productivity in the manufacturing industry is slowing
due to factors such as geopolitical risks that have led to stagnant trade openness,
low wages compared to other industries making it difficult to attract skilled
personnel, and issues with technology transfer due to a declining birthrate and
aging population.

2. Jobs using digital technology are replacing traditional jobs, and STEM education
and lifelong learning for young people are becoming increasingly important.

3. Automation should replace low-value-added jobs with machines, while
digitalization should encourage the sharing and utilization of knowledge to
sustainably unleash human creativity as an activity in the data economy.

This discussion did not address planetary boundary issues such as microplastics or
climate change. We will deepen the discussion and incorporate these issues into the
Discussion Paper scheduled for next spring.

STEM: Science, Technology, Engineering and Mathematics

...........
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