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Dr. Youichi NONAKA, Project Leader
Corporat€hief Researcher,
Research & Development Group,
Hitachi Ltd.

Member of Robot Revolution & Industrial loT(RRitive

The COVHD9 pandemic has brought about major changes in everythingftdestytepte their values.
The supply chain disruptions that occurred during the pandemic encouraged theprisgtiafngpécies
domestic economy and were one of the factors that accelerated the formation of economic blocs. F
remote work, which became mainstream during the pandemic, has permeated society as a new way of
is also changing how we think ednpldyment and educafiod.in Europe and Japan, where the energy crisi
has become more serious due to ®ussssion of Ukraine, we have been forced to reconsider our poli
replacing fossil fuels and nuclear powenguthblenergyourcesuch as solar and wind power.

In Japan, the United States, and Europe, econondigvgnimutie mographic bonuses is a thing of the past
Forthepasffifteeryearstheseregionhavebeernworkingo advocat®rthe digitalization of society as another
growth driveidowevedue to changes in peb@lad socigdyvalues caused by the pandemic and the energ
crisis, labor productivity in each region has not improved as expected.

Eight years ago, we gathered experts from Germany and Japan to discuss the impact of digitalizatiol
organizetthe issues, and progbs®ay forward. However, now that society has undergone the major che
described above, s/eonce again gathered experts from Japan, the United States, and Europe to rev
current status and challenges of the effectiveness of digitalization and to clarify future issues that
international cooperation.

The frank discussion was extremely lively, and by mutually evaluating the similarities and differenc
the policies of each region, a common understanding was reached, which | believe has increased mc
future international cooperati@pel thathereaders of this book will also take the initiative to deepen tt
understanding mslividualsivolved in these issues and actively participate in future discussions and acti



Mr. JohrDYCK ProjecColeader

CEO,

Collaborative Ecosystem for Smart Manufacturing Innovation Institute (CESMII),
USA

The question of how industrialized societies navigate the convergence of global disruption, de
transition, and rapid digitalization is no longer hé&oieticgent. Today, we are living through a time
unprecedented change; geopoliioaitysts increasingly volatile, and the very fabric of work is being rede
by ArtificialntelligencéAl)and automation. In this context, the pursuit of industrial sustainability is no la
goad it is a prerequisite for societal and ecosdrice:

This paper presents a critical examination of how three highly indust@alizpdretfieridnited States,
and Germaédyare confronting these challenges through different yet interconnected strategies. It high
role otligital transformatibX)( policy innovation, and esessor collaboration in driving sustainable outcome
for industry and society. | am deeply honored to have participated in this trilateral effort, which builds
thoughtful dialogue and cooperation among iegptrti®ns, and regions committed to advancing huma
centric and ecologically responsible industrial ecosystems.

Each region brings a unique perspective to the taBl&Samapin5.0 framework integrates technologica
advancement with societaloeily, focusing on how digital tools can ehbapedity of life. The United
States, through initiatives like Manufacturing USA, emphasizes innovatainvandsolaticets that balance
economic growth with environmental stewardship. Germany, meanwhile, offers a regulatory mode
sustainahty, data sovereignty, and ethical govérearlied in gmams such as Industry 4.0 and
Manufacturii§ By understanding these diverse approaches and the values that underpin them, we unc
opportunities for mutual learning and policy convergence.

One of the most striking themes of this paper is the transformative potenaghdaridaoiboration. As
digital technologdaacluding Al, robotics, and intelligent gystenasue to evolve, so too does their capacity
to reshape the naturetadrlgproductivity, and workforce development. However, as the paper rightly emp
automation should not be about displacing human potential but augmenting it. We must reimagine ou
systems in ways that empower workers, bridge slahsl gaplsed ethical considerations at every level ¢
implementation. This includes addressingtbiteldegal, an@ociallssuegELSI)which vary significantly
by region, but are universally relevant to the future of industry.

Another key takeaway is the recognition that industrial sustainability is as much about social syste
about technology. Achieving significant productivity growth and energy resilience requires more than t
breakthroughst demands calimated action among governments, industries, research institutions, anc
communities. Initiatives like CESMII in the United StatgegibdnBovation Promotion g&iganand
Society 5.0 programs in Japan, and Gerattfiorm Industrie 4.0 and Manufaxtatirdgemonstrate the
importance of aligning national strategies with regional needs and global imperatives.

At the heart of this work lies the principle of cooperation. The trilateral partnership showcased in thi:
paper is not only a framework for sharing knowledge and alignihg shgetetstament to the power of trust,
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transparency, and shared vision. In an increasingly fragmented world, such collaboration &ihis just de
essential.

| encourage readers of this paper to engage with its findings critically and constructively. Let
conversations in boardrooms, classrooms, and policy forums. Let it serve as both a referéniog and a
investment, for reform, and fonacti

Our industrial systems are being transformed. The path forward must be deliberate, thoughtful, and c
| believe this work contributes meaningfully to that endeavor.



Mr. ThomasHAHN ProjecCaoleader
Fellow
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The 21st cent@yligital world demands a new paradigm of international cooperation. As we navigate
complex challenges in this digital world, the imperative for a resilient but also global collaboration has
more crucial for sustainable economic gtetthaological advancement.

Additionally, the convergence of aging populations and declining workforces presents a critical chall
global economy, particularly in developed nations. Organstzdi@hsiypalanceheseslementensuring
theiroperationarenotonly profitable but also environmentally responsible and adaptable to Taqiéd chan
challenge is amplified by the accelerating demand for digital skills in an increastrignduhsiokss/
landscape. The gap between available talent anc:xpeuiiezlin areas suclkhsata analytics, aDX
continues to widen. Organizations must adapt through strategic workforce planning to address this d
challenge while ensuaingmpetitive advantage in the digital economy.

In this context, the triad of resilience, sustainability, and competitiveness has emerged as the cor
successful business strategies. Organizations must balance these elements carefully, ensuring their oy
not only profitable but alsaronmentally responsible and adaptable to rapid change. This includes dev
resilience, implementing sustainable practices and production processes, andgiaibtaimegs to stay
competitive in response to global challenges.

Through strategic international collaborations, supparg¢gds/such e German Plattfdndusie
4.0and International ManufactXiiigX), we build robust global partnership networks. We create a cooper
network that can better understand regional needs, optimize resourdacetitieaforementioned
challengetmgethetearnfrom each othanddevelogountermeasures for these challenges.

In this document, we analyze the key perspectives of Industry 4.0, primarily focusinglattfadarmany
Industrie 4.0 initiative while incorporating broader European developments and insights. This con
approach ensures a thorough understanding of both the German and European industrial tran
landscapes
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Executivesummary

This paper provides an overview of Japan, the United StatesSaiftbEsiiopedustrial sustainability from
the perspectives of labor productivity, changes in the labor force, and planetary boundaries such as
microplastics pollution. It then evaluates kesgmwoss similarities and differences, aresagportunities
for international collaboration, especially in the context of accelerating social transformation through
and humamachine interaction (HMI).

Each region is working on digitalization measures to drive economic growth through collaboratic
industry, academia, and government. Notable initiatives insl@etdapganited Stafisnufacturing USA
network, and Eur@pmdustry 4r@lated programs under frameworks such as Horizon BEbedpigitaid
Europe Programme. These initiatives not only aim to boost industrial competitiveness through
manufacturing and digital integration but also respond to growing envoemserid! eogrgy transition
needs. Jap@nSociety 5.0 aims to establish aptysecal space that uniquely combines technology th
prioritizes societal welhg and humaentered innovation, particularly in response to its demograyf
challengesThe United States emphasizes digitalization and advanced manufacturing as tools
decarbonization with energy security, economic vitality, and innovatiMeaathilaythe Bhith its
multinational structure and diverse economic situesisrenplaasis on regulatory frameworks and policy
driven sustainability, emphasizing aligning manufacturing with environmental and social goal
comprehensive policies and regulations.

We analyzed the persistent stagnation in labor productivity across all three regions since Indust
proposed after the 2008 global firarstsdduring the era of liberalization (20803, productivity gains in
developed countries such as Japan, the United States, aner&acbped by offshoringMalue
manufacturing processes while retainiagligbdded activities domestically, based on the premise of of
global free trade. However, in the aftermath of the 2008 financial crisis, the expansion of freli¢rade st
to rising geopolitical risks, trade frictions, and supply chain vulnerabilities. In this context, Industry 4.C
proposed in 2011 as a framework to boost productivity through digitalization, autontli@m and
manufacturing hasaatted global attentioowever, our analysis suggests that its productivity gains have y
materialize at scale.

Regarding decarbonization and environmental issues, all three regions are working to reduce gree
(GHGEmissions and promote renewable energy, transition to a circular economy, improve resource eff
reduce waste. In terms of energy strategies, approaches vary depending on the circumstances of e
Japan is promoting decentralizatiemicbaductor manufacturing and data center construction in line wi
regional energy mix strafBgy.U.S. is in a period of transfornveliere decarbonization is no longer treated
solely as emissions reduction but as an integrated strategy that balances climate goals with ener:
economic vitality, and technological leadership, pursued through a pragmatic balancelub@iakustain
competitiveness whil e st r efagrghsingenergy costsmand geapalifical
risks, the EU is working to reduce &®dsp@ndence on fossil fuels, integrate renewable energy, and harm
infrastructure\dldopment among member states through its REPowerEU plan.

Regarding the labor falepanthe United Statasd Europe all share common challenges, such as po
incentives compared to other industries and an aging workforce with exp@uikfindilegig@lign with
recent studies that digital techndagobsding generative Al, automation, and smard systeapsdly
reshaping labor markets, accelerating job polarization, and fundamentally transforming the nature c
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categorized human labor into three domains: simple labor requiring limited training, skilled labor t
developed through structured education and experience, and highly creative and analytical labor. Anc
and Al are rapidly transfornmimgptacing many skl roles while creating new demand for bskiil high
cognitive roles and-&kil service rofesontributing to a polarization of the labor market.

These trends underscore the urgent need to systematically reassess how tasks are distributed betw:
and machinésot only to enhance efficiency but to ensure sodietagywéthin planetary boundaries.

In particular, we need to have a serious discussion about the fact that automation and Al are incree
than decreasing, the-$till labor market. Although muchsKilled work is kofit, it is essential work to
support society. In teanfuture, it may be difficult to fully autorskikkeldwork due to the lack of technological
capabilities and high costs. In addition, human abilities and preferences are diverse and cannet be tre:
skilled work alone. That is, for tteirslslity and weading of society, all humans must be accepted wit
psychological satisfaction by participating in social roles.

Also, the rapid deployment of advanced HMbsyrstemby generative Al, robotics, and aurassasn
profound ELSI that vary across regions due to differences in cultural values, regulatory frameworks, anc
philosophies.

As a goal for solving these challenges, we have formulated a vision named Harmonized Symbioti
which the environment, happiness, and economic growth are in harmony, premised on the symbiosi:
and machines.

Emerging from the discussion is theHMgasf one of the important and unifying frameworks through wit
the complex issues of technology, labor, and sustainability can be addressed. To support this transfc
present three strategic recommendations aimed at business executivesraagageghufacturing
government policymakers, and researchers focused on the future of work and industrial sustainability.

1. Enhancing Humabentered Workhrough Digital Transformation

Redefine the role of work in a sustainable, equitable, @edtnicriredustrial economy by leveraging
digital technologies to augment human capability, expand access to meaningful employment, ar
individual motivation to participate inkfegagor

2. Essential Labor that Machines Should Support

Identify, empower and support roles in the category of socially essential labor. These roles inc
and environmental services that contribute directly to industrial sustainability and societal resilienc

3. ELSI for Humaklachine Collaborations

Identify, categorize, and align the ELSI concerns of Japan, the United States, and Europe so th.
and interoperable systems can be designed for sustainable and equitable industrial development.

The trilateral collaboraimongapan, the U.S., and the EU offers a unique opportunity to collectively ac
the economic, ethical, legal, and social complexities posed by the riselill dtvangadhis partnership,
the regions can establish a joint ELSI task force to align foundatiosatprsdiasparency, accountability,
algorithmic fairness, and data governance. They can also support the development of federated govern
that allow each region to implement ethigabhrsisfetailored its societal values while maintaining
interoperability across borders-@vetping certification and audit mechanismss&HMdgpplications,
the collaboration can reinforce public trustsamnelegulatory alignment. Moreover, the creation of al
international knowledparing platfodrpotentially through a federated Al 8ysterd enable each region to
retain regulatory autonomy while operating on shared standards, fostering collective learning, pre
mitigation, and the responsible scaling of Al technologies globally.
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Terms andDefinitions Abbreviations andcronyms

Al
AIROA
ARPAE
bcfd
BITKOM

BLS
BOTTLE

BPMN
BRL
BTU

CAD
CBAM
CCS
CCUS
CESMII
CFE
CHIPS
COVIEL9
CSR
CSTI
DOC
DOD
DOE
DevOps

DX
EIA
EISA
ELSI
EPA
EPRI
ESG
EV
FA
GDP
GHG
GX

Artificial Intelligence

Al Robot Associafidapan

Advanced Research Projects AGeecgytheU.S.

billion cubic feet per,degommonly used unit for expressing the volume of natural gas
Bundesverband Informationswirtschaft, Telekommunikation und,neue Medien
Germary Digital Association

Bureau of Labor Statistics of the U.S.

BioOptimized Technologies to keep Thermoplastics out of Landfills and the Environme
consortiuntheU.S.

Business Process Model and Notation

Business Readiness Level

British Thermal Utiie amount of heat required to raise the temperature of 1 pound of \
by 1 degree Fahrenheit

Computehided Design

Carbon Border Adjustment Mechanism

Carbon Capture and Storage

Carbon dioxide Capture Utilization and Storage

Collaborative Ecosystem for Smart Manufacturing InnovatidrBinstitute
Carbon Free Energy

Creating Helpful Incentives to Produce Semiconductors for America
Coronavirus Disease

Corporate Social Responsibility

Council for Science, Technology and Inredyapan

Department of Commerce, the U.S.

Department of Defense, the U.S.

Department of Enetgg U.S.

Asoftware development methodology that accelerates the delpenpiohangie
applications and services by combining and automating the work of software developm
and IT operations (Ops) t€eghbttps://www.ibm.com/think/topics/devops)
Digital Transformation

Energy Information Administréimiy.S.

Energy Independence and SecuyitlyeAdtLS.

Ethical, Legal, and Sdsmles

Environmental Protection Agiiecy.S.

Electric Power Research Institute, the U.S.

Environmental, Social, and Governance

Electric Vehicle

Factory Automation

Gross Domestic Product

Greenhouse Gas

Green Transformation
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HCPS
HMI
HPC
[IMX
IRA

JASM
JEITA
JST
LBNL
LNG
LTRA
MEP
METI
NAICS
NEDO
NERC
NIST
NMPs
NREL
NSF
O-CEl

OECD
oJT
PPP
quad
REMADE
RFS

RoX

RRI
R&D
SAFS
SDGs
SEC
SIP
SMEs
SMMs
SMR
SysML
STEM

HumarCybeiPhysical Space

HumarMachine Interaction

HighPerformanc€omputing

International ManufacteXjrigu

Inflation Reduction, #et U.S.

Information Technology

Japan Advanced Semiconductor Manufacturing, Inc.

Japan Electronics and Information Technology Industries Association
Japan Science and Technology Agency

Lawrence Berkeley National Labptta¢odyS.

Liguefied Natural Gas

LongTerm Reliability Assessment

Manufacturing Extension Partnership

Ministry of Economy, Trade and Industry, Japan

North American Industry Classification System

New Energy and industrial technology Development Organization, Japan
North American Electric Reliability Corptiratibis.

National Institute of Standards and Teclthelbg$.

Naneand Microplastics

National Renewable Energy LabgiteedoyS.

National Science FoundatienU.S.

Open CloudEdgeloT Platform Uptake i8¢aleg€rod3omain Pilots

An Innovation Action funded by the European C@naisz@mmEurope Program
starting January 1st, 20@bhttps://www.linkedin.com/compae#parizon/)
Organization for Economicp@oation and Development

OntheJob Training

Publi¢Private Partnerships

a unit of energy equdlatdl5 BTU

Reducing EMbod@atergy And Decreasing Emigsstitstethe U.S.
Renewable Fuel Standard

A Germaidyinitiative with use db@ded robotic systems

(ref https://roboception.cortarent/uploads/202410 -RexXseRelease final EN.pdf)
Robot Revolution & Industrial 10T Inilegbiae

Research and Development

Sustainable Agriculture and Food SybehisS.

Sustainable Development Goals

Securities and Exchange CommibsidhS.

Strategic Innovation Promotion program

Small and Medium Enterprises

Small and Medisimed Manufacturers

Small Modular Reactors

Systems Modeling Language

Science, Technology, Engineerinigladinematics
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TIPC Training for Improving Plastics Circularity

TRL Technology Readiness Level

TTF Title Transfer Facility

UML Unified Modeling Language

USDA U.S. Department of Agriculture

VDMA Verband Deutscher MaschurehAnlagenbaserman Engineering Federation

VET Vocational Education and Training

WEF World Economic Forum

WTO World Trade Organization

ZEV ZereEmission Vehicle

ZVEI Zentralverband Elektroteetink Elektronikindustrie,
German Electrical and Electronic Manufadsoeiation

3E+S Energy security, Economic efficiency, Environment, and Safety. It is the fundamental
behind Jap&nrenergy policy.

3R Reduce, Reuse, Recycle
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1 Introduction

1.1 Background

In 2017, whendustry 4.@as beginning to be recognized as the intelligent networking of machine
processes for industry with the help of information and communicatid} tedmsmiegyn was raised
among experts in Japan and Germany on how the resulting innovations would transform the relations
humans and machines, and how the nature of work, which has changed with technological advanct
social applicati, would continue to change. Based on this, from 2018 to the summer of 2019, a diverse
experts from Germany and Japan, not only from relatesksattshcdd|so from sociologists, psychologists,
labor unions, etc., gathered to discuss the Mlaadfpublished a discussion jrageiR2]

O, O, O,

L J ¢ ’ggfooo %/1 ‘g ‘Mmual ’ %’ ‘g
H@ JMachli - «dMachine. » aMachine »
Tradition Support Multiverse

Operatlon Mediation

o

A Hm o G

Degrading human ability Share the knowledge gained from interactions
due to too much support among human  -human, human -machine,
from machines to humans machine -machine

Technology and skills
from human to human

Figurel 6 oMultiverse Mediatidras therepresentative image the lastdiscussiorfi2]

Figurel shows how human society has changed and will change in the future due to techn
advances, from the perspective tfatisfenf technologies and skdks the discussion resuthef
last projectn the past, technologies and skills were passed ddwmématmhuman but now
machines, including the Internet and computershaopguin every aspect of their lidesvever,
it has been pointed out that excessive support carries the risk of impairing functions that huma
inherently possess, so there is a need to find an ideBIMdtratofill lead to the sustainable growth
of individuals and human society.

In thelastproject, we argued that it is necessary to build a social infrastructure that allows
transfer of technologies and skjllally betwednumas and othehumas, humas and machines,
and machines and machines, and we called this Multiverse Mediation, envisioning a sustainab
in whicchumansand machines help each otheat is, nder coexistence with machines, we must
establistthefollowing aspects;
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1 A world where everyone can demonstrate their creativity and contribute to sAtiatyl throug
machines

1 A world where everyone can enjoy leisure and demonstrate individuality withAharsipport
machines

1.2 Motivation

Regarding industrial sustainaloititystry 4.8nd theSustainable Developn@aals $DGshave been
proposed and are still being promoted. Howevedushgrd Was proposed, there was no public discussior
about its relationship with the Sbdbstry 4 Was formulated as part ofHfighTech Strategy 2020 Action
Plarj3] one of the strategic measures announced by the German government in November 2011, a
2013, three organizations, BITKOM, VDMA, and ZVEI, began dpguatiygiatiorm.

The SDGs are 17 international goals for sustainable development adopted by the United Natior
Assembly on Septembe2@3P4]5] In other words, sinodustry 4. @as proposed before the SDGs, the
relationship between the goldustry 44hd the goals of the SDGs has not yet bdsthsibgd] Against
this background, in the previous project, we organized the issues regarding the relationship between
and a sustainable society from the perspétihendfproposed future directions.

After completing tlastproject, the COVID pandemic hit the world, bringing about major changes
everything from lifestyles to valbessupply chain disruptions that emerged during ti6 g@\d&mic
remairmpartiallynresolvedue to the rise of policies that prioritize domestic eEantheigsre, remote work,
whictbecamenainstream during the C@9Ipandemic, is permeating society as a new way of working ar
also changing how we think about employment and training.

Looking around the world from this perspective, fotrexaggrida for the \@EmRnual meeting in Davos
in January 202tated thiollowng[7}

1. Achieving security and cooperation in a fractured world.
The world is reckoning with new concentrations in global trade, complicated by rising ge
tensions on multiple fronts.

2. Creating growth and jobs for a new era.
A new economic framework is here, borne out of increasing geopolitical instability and the clir
as well as the acceleratiéu of

3. Alas adriving force for the economy and society.
The year 2023 was generaitvbr&bkout year.

4. Alongerm strategy for climate, nature, and energy.

In addition, the IMF annual repdrp@bBshednSeptember 20pdesents the following key mesgges
The challenge now isfold The first is to safeguard macroeconomic stability from further geopc
shocks, disruptive fiscal adjusiraedtthe task of bringing inflation back to target. Populations that cor

to live with the legacy of successive crises will need ongoing assistance, asoolniaseihnes
that have experiencedrtiwest significastarring. The second is to take advantage of global econot
resilience to confront and embrace transformative developments that demand our dcollective
develoments such as climate change, digitalizationAlaadadution that, for good or ill, could reshape
the nature of work. These transformations will require multilateral cooperation to mitigate risks an
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opportunities.

That is, in the p@3DVIEL9 world, e experiencirgy polycrisiskarfrom reaping thenefit®f Industry
4.Q environmental disasters are becoming more severe, geopolitical risks are casting a shadow ov
economy, andsueswith human production activities are piling ugohtekit achievehe Multiverse
Mediatioset as the goal in the previous project, wemmostseveral practical challepgessidering the
current global situation mentioned above. For example, given the uneven distribution of resources and
planet, simple mutual sharing of knowledgexaoatbatencomenequalityAdditionallysimply sharing
knowledge from others mayieldthe desired results, leading to mutual distexsicenatirgee@conomic
divisions.

1.3 Goal

As Industrial Sustainability, this paper deals with sustainability issues surrounding the manufactur
and solutions. Therefore, we will discuss the transition in productivity and labor force, changes in jobs a
due to digital techiggloln addition, we will also discuss planetary boundary aspects such as energy
decarbonization issweastdssuesand so an

As a requirement for Industrial Sustainability, the purbeingfregliires innovation in industrial activity fo
available resources while satisfying various cofisttaatir constraints, there are also absolute constrain
such as planetary boundaries, which become a mandatory requirement. On the other hand, we would
thathumars, technology, culture, society, geopolitical conditions, etc., which are both constraints an
resources, can be changed and controlled to a certaim. éntehis regard, we would like to discuss what
is different and how it can be changed and controlled in Japan, the United States, and Europe.

There are various approaches to achieving Industrial Sustainabilélatimrighg betwdrmans and
machines is fundamentally important. In Japan, the United Statesaldwedtiiaipipesical and intellectual
misalignment between humans and machines causes enormousldrasethis challeitge,essential
to recognize the physical and intellectual diversity of humans and to establish mechanisms that ene
humans and machines to coexist adaptively, reducing waste and optimizing their symbiosis

To this end, we would likdigouss solutions in Japan, the United States, and Europe, recognizing
differences in human, surrounding technologies, cultures, societies, geopolitical conditions, etc., as w
as differences in their changes and controllalijtygeneralizing the above argument, we may be able
examine the challenges of the relationship between the Global South and Japan, the United States, ai

Under this policy, we will discuss the current situation and challengésioigoartil wkelhetboundaries,
identify the ideal form and requirememidiftirat contributes to industrial sustainability, and draw
recommendations for future international cooperation.
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2 CurrentActivities for Industrial SustainabilitygachRegion

2.1 Foreword

In Japan, the United States-armpeeconomic growth driven by demographic bonuses is a thing of the
For the past 15 years, they have been working on social digitalization as another growth driver. How
changes in peopland socigsyvaluegaused by the pandemic and energy crisis, labor productivity in ¢
region has not improved as expected.

On the other hand, digitalization has also created large disparities for individualsretstrc@uieaioies
access and effectively use data. Furthermore, negative aspects of digitalization, such as the ris
manipulation surrounding Al technology and geopolitical, @enpéfgting the real economy.

In this chapter, we will take a detailed look at the effortstrod Uaptma StafesndEuropan both
digitalization measures as a driver of economic growth and measures to address the associated socia
and evaluate their similarities and differences. The aim is to clarify the path to sustainable developmer
changing world.

2.2 JapanActivities

Major programs and projeetardndustrial sustainability in Japan are briefly reviewed indestrig of
academiagovernmentollaboration, global warming and energy depletion, resource depletion and ¢
economy, and sustainable society issues. Japanese society is rather sensitive to the issues of susta
mentally positisboupromotinthe activities. The governhedptograms and projects play importair roles
investigatinthallenging issues as precursoms@mvincingociety and industryhepractical importance of
the subjects. Industry then follows tansuessainability activities bgidenng contributions to society and
business feasibility.

2.2.1 IndustryAcademidGovernmentollaboration

In recent yeardapan encounters critical social issues, such as severe global warnuieg|eggource
increasewasteadisposalenvironmental pollution, and other various environmental issuesdoatisimg
social welleing. It becomes even worse due to the recent unstablege@piolitided situation is the same
across the industrially highly developed countries, including the United States and Europe. For copin
issues, industrial sustainability is one of the most prioritizedn@lgptnese industry jointly working with
government and academia.

Industrial sustainability can be condidergkde viewpoint of the global environment and the planete
boundaries, and at the same ftonethe viewpoint of social-etig, human diversayd inclusion.
Developments of new technology and related social/lhuman considerations are required for resolving t
In the past several decades, Japan has continuously worked on industrial sustainability and created me
and projectsintly with industry, governraedtacademia. However, in recent years, environmental and sc
issuesave beediversified and increased, and many issues remain unsolved or unaddressed.
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2.2.2 NationalLevellnitiatives

At the national lewbECouncil for Science, Technology and Innovation (CSTI), Cabinet Q#iaH, is a tc
council and determines national policies for promoting science and technology in industry and acad
decides the Science, Technology, and Innovation Basity Filaa y@ars. Society 5.0 is a national vision
presented in the 5th Science and Technology Basic Plan. It was firsfgploposea@ered society in
which economic development and the resolution of social issues are compatible watigbaz igthigr thr
integrated system of cyberspace and physicalrspader to embody and bring into reality the concept
Society 5.0, the 6th Science, Technology, and Innovatiorf Bdsjmdi$aBociety 5.0fassociety that is
sustainable and resilient against threats and unpredictable and uncertain situations, that ensures the
security of the people, and that individual to realize dhveirsg1@EWVith the vision of Society 5.0, many
programs and projects are organized to deal with the subjects of industrial sustainability.

The most important and generic national programnii€i@sabiH11]12] SIP aims to promote
intedisciplinargrojects across various industry/technology domains, and industrial sustainability is or
important topics. It supports research and development from basic research to social implementat
industiyacademiagovernmertollaborations, and intends to create a center of excellence on the tar
subjects. Some of the projects related to industrial sustainability are described in 2.2.4 and 2.2.5.

In addition to SIP, two typesmplementapyograms are arranged. One is the Moonshot Research a
Development Prograrhich aims to promote ambitious goals and visions expeceigtafigalit impact
on social issues, and to lead tacBiftigd 3] The other is Programs for BridgiGgpbetween R&D and
the Ideabociety{Society 5.0) and Generating EcononSo@aldvValuBRIDGE) to follow up the results of
SIH14]

As a general national visimarc sustainable socidtg Ministigf the Environment has set the Sixth Basic
Environment Plan in 20241t discusses the target, starting from environmental policies, to simultan
resolve various economic and social challenges, including:

1 pursuing environmental conservation andlibag/gliality of life of individuals,
9 total reduction of environmental load by circulation and symbiosis based on renewable resource
1 realization of the new avenue for economic and social growth.

According to the specific subjects of industrial sustainability, respective ministries and industrial a
related to the subjects organize imdunstiyacademiggovernmentollaboration projects. Some of those
projects are described in the following subclauses.

Generally speaking,ititistiyacademiaggovernmeubllaboration projects perfimstpenguioroles and
validate the potential usefulogisslustrial sustainability. When the results of the projects are evaluate
promising, the practical industrial and social implestertatimomoted by the initiative of strong participatic
of industry.

2.2.3 Environmentdbsues:GobalWarming andenergyDepletion

Japan is a densely populated, highly industrialized country and lacks natural resources. Japanese i

21



society have suffered from global warming and energy depletion for many years;aitdig/orkadures
to save energy consumption, which contributes to industrial sustainability.

The Ministyf Economy, Trade and Industry (METI) announced the 7th strategic enerffy6plan in 20
describes the overall national energyrpoiibg national security viewpoint by invesifgsigle energy
source mix with renewable energy, nuclezambaanventional thermal power. Refgurtd. It addresses
needs to cope with the possible inoreasegy usage due to the expandiofiroindustry.

Cabinet Office announced GX 2040 Visfowicaisintdpe longerm Green Transformdt@ activities
and investment possibilities. It includes the topics: industrial reorganization by innovative GX tec
appropriate geological distributions of renewable energy supply and consuan@mdad gnoesitiment
policy, and practicahsition to carbon neutrality harmonizb@githal environment.

Due to the recent severe global regulation for decartlibaei¥gimmese government sets the target of
reduction of @@missionky 60% by 2035 compared widntissionsf 2015. This is a very ambitious target
to satisfy. The Japanese government has arranged many programs and projects to jointly work with |
academia, which include not only technical developments but also various kinds of finaastiaésand legal

National basic plans toward carbon néutiatigbutarenot limited to, tfalowing

1 Policy for climate changes by Cabinet Office,

1 Global warming basic plan by Ministry of the Enlirgnment

1 Climate change adaptation information platform by Ministry of the Environment,

1 GX basic plan by MES]

Energy mix in FY2030

(FY2019 = previous energy mix) .
(ambitious outlook)

Energy efficiency improvement (16.55 million kI = 50.30 million ki) 62 million kil
Final energy consumption (without energy conservation) (350 million kI = 377 million kl) 350 million kl
) (18% = 22-24%) J solar 36-38%
Power generatlon Renewable energy 6.7% = 7.0%  1f progress is made in utilization and implementation
. wind of R&D of renewable energy currently underway,
mix 0.7% = 1.7% 38% or higher will be aimed at.
Electricity generated : i 2, = 09 th I
1,065 TWh Hydrogen/Ammonia (0% 0%) geothermal o 1%
= Nuclear (6% = 20-22%) h;‘flggzo:aer&amg.z% 20-22% (deltai\s of renewable)
Approx. 934 TWh biomass solar 14~16%
LNG (37% = 27%) S.rggb = 3.7~4.6% 20% wind 5%
o = o geothermal 1%
Coal (32% 26%) 19% hydropower 11%
0il, etc. (7% = 3%) 2% biomass 5%
( + non-energy related gases/sinks )
. 46%
o =5 0,
GHG red uction rate (14A) 26/0) Continuing strenuous efforts in its challenge to meet
the lofty goal of cutting its emission by 50% 1e

Figure2 8 Outlook of energy mix 202416]

Japanese government funding agencies have set up many programs to support industry to exect
developments of carbon emission reduction and energy saving:
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1 Social scenario research progmamrda carbon neutral society by Japan Science and Technolc
Agency (JST29]

1 Green technologyertellerprogram: GteX by [T
Battery, hydrogen -imanufacturing, etc.

1 Advanced lewarbon NEXT research and development prograsiE)XAL BAJ $A1 ]
Energy storage, green biotechnology, green computing, etc.

9 Carbon dioxide Capture Utilization and 8&gzé§eimplementation by New Energy and industria
technology Development Organization [@MEDO)

Also,ndustrial consortia are organized to have tight discussions among industrial stakeholders unde
initiative Green Growth Strategy Through Achieving Carbon Ney&38lity in 2050

1 GX League by ME#]
Aiming for economic and social reform to achieve 2050 carbon neutrality,

1 Green x Digital Consortium by Japan Electronics and Information Technology Industries A
(JEITA]25]
CQ visualization framework, etc.

For reducing consumption of fossil fuels,amigd@ngenewable energy, including solar cells and win
powegenerations a popular wayeilogageheglobal community. However, it used to be not easy in Japar
install these renewable eneogigsactical scales due to the limited land areas for solar cell installatior
unstable wind conditions. In recent years, by technological progress and financial and legal supj
government, the percentages of renewable energies increaganesthenkrgy source pi2dijeNew
technology developments are ongaatguipwiththe front edge developments in renewable energies.

Important aspects for accelerating the energy transformation to sustainability include governm
measures and policies to guide the industry and economic incentives;ddnaxanigiley and additional
fees for fossil fuel usage.

2.2.4 Environmentdbsues:ResourceDepletion andiircularEconomy

Japanis a poor couninterms ofmany important natuesburces amdust import them. However, due to
the recent environmental and geopolitical issues, it is required to be less dependent on foreign nature
At the same time, due to the same reason, it becomes difficult to export used products aiatsdsposed
developing countries, for example, used electronic parts and disposed plastics.

Generally speaking, feanenvironmentéwpoint, it is mandatory to reduce the overall mateasl flow
minimum as possible, and to completely eliminate waste disposal and ith@pesitiorenty yeatise
Japanese government and industry have worked intensively to legislate for used product recycling for
household appliances, office machines, etc. ABRwasrtieen used, meaning reduce, aedsecycling.
Reduce and reuse are more environmentally consciougdpig séithyamain practice in industry and society

Recent|ythecircular economy is advocatedcfanprehensiveorganizatioof theproduct life cycle and
material flow. New business models are discussed for practical feasibility and social imgtéidatation o
economylhe3R concept is embedded in the prodkssiafular economy, and a variety of possdrilities
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reducingndreusin@re investigated.

In 2024, the Japangsgernment enacted the 5th Basic Act on Estalfishimd) Materaycle Society.
As Figure3 shows, the act has been upgraded2§3, and now, as a national strategy, aims to impro
economic benefits and sociabeief as well as environmental burden by comprehensive implementation
concept of circular ecof@myQuantitative measures are specified for material circulation and social bene

The Plan was formulated based on
the Basic Act on Establishing a Sound m
Material-Cycle Society (enacted in ]
2000). Its goal is To comprehensively
and systematically promote measures
related to the establishment of a

sound material-cycle society.

Current plan (The 5th Plan)

Showcase the transition to a circular economy at the
forefront

In oddition to environmental benefits such as
responding to climate change and protecting
biodiversity, these initiatives will also contribute to
greater economic security, greater industrial
competitiveness, regional revitalization, and a higher
quality of life

The plan is being formulated as a national strategy that
will create a bright

ter future for generations to come

As a general rule, a new Plan is
The 4th Plan (2018)

Integrated improvements in environmental,
economic, and societal areas

formulated roughly every five years
based on the Basic Environment Plan.

The 3rd Plan (2013)

The 2nd Plan (2008)

(1) Initiatives  integrated with
efforts to create a low-carbon
society that exists in harmony
with nature

(2) Creation of regional
circulating spheres

(3) Creation of an international
sound material-cycle socie

(1) Reinforcement of measures
that are focused not only on
recycling but alse reducing
and reusing

(2) Response to the Greot East
Jopan Earthquake

The Ist Plan (2003)

Set numerical cyclical use rate

S1143Uaq |DIDID0S PUD JIWOUOID U0
PasN204 SaINSD3W 40 uolybjuswa|dw]

targets, resource productivity
targets, and final disposal
amount fargets

Introduce a new way of thinking
about the material flow *

Implementation of measures focused on environmental benefits

Figure3 d Evolution of Basic Act on Establishing a Sound Mateyde SociefR7]

For coping withe depletion of materials #Hr&increase of disposals, METI announced the Resourc
Autonomous Circular Economy Growth Strategy in 2023 to promote indtsivaidCliratiees Economy.
It aims to set up activities for specifying guidelines and rules of reuse and refurbish design and quali
standardgoolkitsand ecsystem

As a part of initiatives from the Circular Economy Growth Strategy, a partnership program, nam
Partnersyas established to promote cooperation among industry, government and academia to realize
economy togetf#8] The activities include:

1 defimnga vision and a leegm roadmap (2030 to 2050) for realization of a circular economy,
1 launchgarftircular economy information distributiongidgpteas,
1 creaingaifocal circular magf@omoting the implementation of circular economy at regional level.

Open circular economy platform is now investigated as one of the SIP projects for establishing 1
material circular processes especially for plastics integrated with product designtitiEl€ipcajact is
Economy System based on Information Sharin{B]atform

Materials are fundamentally importhetdatization afcircular economy. Induattgdemigovernment
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joint projects are organized for basic research to develop nemithieieiatsnvironmental performance.
The projecttgledCreating a Materials Innovation Ecosystem for Industrializa@ipn in SIP

Many specific industrial projedteeng ruwiththe support of NEDO:
1 Basic process technology for used electric and electronics products
1 Innovative circular process for plastics

1 Innovative circular process for aluminum.

2.2.5 Sustainablé&ocietylssues

For a sustainable society, it is important to effectively utilize existing resotmgasnaolddanchines
An individual human has different characteristics and capabilities. If the social environment and existir
are somehow rigid and cannot be adapted to individual huntamuhiveaitsot be well accepted in society
and machines. Sunilsmatchesf human and machgemerate lot of waste @sources ardkgrade¢he
sustainability and veeling of society.

Japan has developed robot techielegyany years, and a lot of industrial robots are working in facto
and warehouses mostly for simple repetitiRetzeshkiglong with tltevelopmenf IT and Al technologies,
robots can be used for more complicatedaasksaimicakiyallenging environment. Based on such progres
oftechnologyvith the vision of Society 5.0, a future society is investigated, where robots are embedded
and can interact withmansgor daily activities.

It is expected to be able to reedimstainable society by a hunaohine symbiosis, wheraansnd
machinesancommunicate withch other to flexibly adapt to the envirdfuctmsearch and development
workis now being performed by acadedustrgovernment collaboration. A comprehensive project by SIF
shown irFigured4. The project tgledExpansion of Fundamental Technologies and Development of R
Promoting Social Implementation to Expand HCRSoHinoaative Robd8a$

In this SIP project, HCPS is studied for realizing versatile working environments for human an
collaborations. The following use cases are considered.

1 Supportorpeoplavith disabilities and their supporters for activities of daily liviearand well
1 Dailyhouséoldactivities witthildcare.

1 Routinghysical support activities in werkiirgnments.

1 Buildingnaintenance services

1 Evacuatiosupport in casedidasterforpeoplavith disabilities and children.

These use cases can be adapted to kMlibeguirements discussed in Cleafteere are many inddstry
ledactivities which aim to explore new practical businesses for accepting people with divessitied abiliti
sustainable society.
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Solve various social challenges we face in a super-aging society by combining "humans" with the "cyber-
physical space." More specifically, through "HCPS, Human-Cyber-Physical Space,"” which can handle humans,
Al robots, and fusion space relatlng to information systems (Cybernics space), enabling the integration of

umans, robots, and virtual space tely.

w
HCPS Human-Collaborative Robotics:
Integr with

Figure4 8 HumanMachineSymbiosis forSustainableSociety[31]

For innovating machine adaptability to human diversity and achieving comprehsdiuge huma
symbiosis, it is becoming very popular to integrate recent Al and advanced robotics techmoldgiies. By
foundation models and deep learning, itpuagible to realize natural interactions of complex activities am
humansnd machines. In 2025, with the support thidMERobot Association (AIR0A) is establigied by
participation of industry and academia. The expected activitiesahetiiba of largeountsf open data
across various industribedevelopment of foundation modelanwifiersource approach, and scalable
ecaystemdor Al robots. The development &gristg bus expected to contribute to industrial and socia
sustainability by effective inclusion of human resources into industry and society.

2.2.6 Outlook

Criticality of sustainability is recognized in Japanese society and industry, and many activities are bei
by national projects and industrial prattieeseisocietyand industry are not yet convinced of the curren
solutions @sustainable society and industry. There are many demanding issues effpuinrigmgera
perspectives.

Sustainable energy supply is still a problem in Japan. According to the government target of carbon
2050, the intermediate targe? ®¥ reduction of nissions 2040 compared to 2013 is announced. This
target is based on the energy mjxvpiahconstituteS0% renewable energy, 20% nuclear, andrg9%
fossil fuel energy. There remain various technological,aexbsoct issues for practical implementation.

Comprehensive social implementateciofular economy takes, tinoduding the changethe social
and economic systems. There are many depleting tlestoeqo@® recycling/reusénlegircular economy.
Copper is the most urgent mass material needing complete recyehidg. groductcbn of copper ore is
predicted not to increase, but the dear@per usage will increase almost dpR6&ED.
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Due to the decredséhe total population, human resource shortage is a very critical issue in Japa
estimated that the number of people of workinggéagedisold) will be aboubhd#ifitn 2070 compared
to today. Along with the change of the working environment, this is a sevarsugtalriabid@ociety and

industry.

As discussed in this document, various solutions are betogvptoisdestrial sustainability. It is essential
to continue the effortalongterm perspective. In Japgas considered important to seek the solution not on
technologically, but also with social and economic incentives. There will be interesting subjects for c

among Japatine United States, and Europe

///////////////////////////////////////////////

Column Empowerlng Reglonal Rewtahza’hmugh D|g|tal Transformanon

To achieve productivity improvement and regional
revitalization throuBl it is crucial not only to

develop and apply new technologies but also to
cultivate the ability of users to understand and utilize
these technologies. This includes initiatives such as
education and investment support for technology
utilization. Such effo are operated as an

ecosystem involving not only technology vendors

but also local governments and banks.

For example, in the Omika area of Hitachi City,
Ibaraki Prefecture, Japan, initiatives are being

promoted to decarbonize regional industries,
including small and mediiz@d enterprises,
through technological innovation, with the aim of

building a greenlustrial c[82]33]Here, not only

///////////////////////////////////////////////////////////////////////

2.3 U.SActivities

The United States stands
the EU have | eaned

has been shaped by a
private partnerships. Over
primarily around <cl i mat e
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do they support the introduction and demonstration
of DXrelated technologies, but many stakeholders
are also participating in regional revitalization
through DX, such as by collaborating with local
financial institutions to enable SMEs that support
local industries to operate, and by evaluating
convenience from the perspective of residents.

There is a need for a form of international
collaboration that will enable the sharing and
utilization of such initiatives to spread from the
region to the country, and from the country to the
world, overcoming differences in cultural
backgrounds, econosiligations, regulations and

standards.

at a pivotal juncture i
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However, as gl doibmd!| uwdismou-itéh ep a@Q\elnDd c , geopolitical

chain vuldreexathdged i psi orities, the U.S. approach
economic competitiveness, and technol ogi cal | eade
This section examines how the U.S. has navigated
pr-2025 period, c har ac tderriivzeend, -cleyh ti amiatt egnioslle &4t iatmrc hor

policies such as the EnerggsPoluctyrdctawi hehd&i @HF
and the I nflation Reducti e2n0 225 tr.e dietf itnhietni oenx polfo riens

whi ch i ntegrates climate goals with energy abun
pat hwaysa.l IFy, the section provides a synthesid of
built on |l egi sl ati osectimrmow adtH aodm o p @asniido normess t he
decarbonize and strengthen i test iitnidwes tenvailr dmmen ti.n

2.3.1 Pre2025: A Legislatidnriven, Climat€entric Model

The U.S. perspective on industrial sustainability has been undergoing a transformation. Prior to
dominant narrative placed decarbonization at the center of industrial sustainability. Legislative agenda:
policy frameworks reflectedethphasis, with successive laws expanding clean energy deployment, re:
funding, and infrastructure investment.

The Industrial Sustainability Context {25)

During the p&925 period, industrial sustainability emerged as a critical national priority as the Unite
sought to reconcile economic growth withinmoegvironmental responsibility and social equity. The indus
sectad including manufactgr energy production, and resource egtvaatioa cornerstone of the U.S.

economy, contributing significantly to both employment and GDP. Yet it was also a major source of er
challenges.

According to the U.S. Environmental Protection Agency (EPA), the sector accounted for approx
percent of total GHG emissions, including both direct emissions and those associated with
consumptif@d] It consumed about 35 percent of tatsleesicergy and nearlytorilei r d of t he
energy use as of 285} Waste generation compounded these challenges: in 2018, the EPA reported 35.
tons of plastic wg8& while the National Renewable Energy Laboratory (NREL) estimated closer to 4«
metric tons, much of which was landfilled or leaked into ecosystems due to inadequate recj&Tihg infras
This high energy intensity, dependence on fossil fuels, and growing waste burden underscored the ur
transition toward cleaner, more efficient, and circular industrial practices.

In response, both federal and state governments began adopting comprehensive frameworks to ¢
industry, modernize infrastructure, and promote clean technologies. Industry actors themselves embr:
economy models, invested in sust@iradtiees, and formed piyvivate partnerships to accelerate innovation
and workforce readiness.

By the early 2020s, the green technology and sustainability market was expanding rapidly.
approximately $6.6 billion in 2023, it was projected to quadruple by 2030, reflecting a compound annug
of more than 22 percent [38]. Thit grasvtdriven not only by federal incentives but also by global marke
policy pressures, such as the European Uni on
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consumer preferences, with nearly 70 percent of Americans favoring environmentally responsible brar

Against this backdrop, federal policy frameworks were developed to provide the strategic foundation
sustainability, setting the stage for coordinated national acti202b therjore.

Industrial Sustainability Federal Policy Framework@(gee

Inthepr@ 025 peri od, feder al policy framewor ks
industrial sustainability. These frameworks were designed to balance economic competitiveness witl
need to reduce greenhouse gas emyissadernize infrastructure, and foster innovation in clean technolo
Building on earlier energy and environmental legislation, federal agencies worked in tandem with state
to establish roadmaps for decarbonizing heavy industry, aduarciegoocomy models, and securing
domestic supply chains. The emphasis was not only on meeting international climate commitments,
positioning the United States as a leader in the rapidly expanding global sustainability and grkeen technc

TheEnergy Policy Act of 20fpresented a landmark shift, establishing loan guarantees and tax crec
renewable projects (solar, wind, biofuels), efficiency programs for appliances and industrial systems, al
for carbon reduction through nuclear energy and earlyajgant®o demonstrations. It also created the
Renewable Fuel Standard (RFS), requiring increasing volumes of biofuels in the U.S. fuel mix. Update:
Energy Independence and Security A¢t2@BLeinforced thegeals, setting vehicle efficiency standards,
strengthening the RFS, and supporting smart grid development. These laws laid the early foundation fc
conscious industrial policy and advanced the idea that energy security and sustapmaiilieddcogletter.

TheAmerica COMPETES Act (2007, reauthorizeca@040¢ed industrial sustainability through R&D an
innovation ecosystems. It authorized the doubling of funding for the National Science Fthendation
National Institute of Standards and TecliNtBdgwrndtheDepartment of Enef@PBo &ffice of Science,
and establishéldeAdvanced Research Projects Agarergy(ARPAE) to accelerate higsk, higheward
energy innovations. It also strengthened STEM education pipelines, preparing a workforce for clean
advanced manufacturing. Together, these provisions aligned federal science and industrial polic
canmpetitive challenges posed by emerging clean technologies.

TheBipartisan Infrastructure Law (Infrastructure Investment and Jobs Aath&62t)a new phase of
largescale investment in clean industrial infrastructure. Of its $1.2 trillion allocation, more than $60 billi
energy and sustainability priorities: $7.5 billion for a national EV charging network, $68ditliaatfongrid nr
and resilience, $8 billion for regional clean hydrogen hubs to decarbonize heavy industry, and $12 billic
capture and direct air capture projects. It also included funding for industrial energy efficiency and we
programgeinforcing the connection between industrial competitiveness and energy modernization.

Closely linked to this was-#ueral Sustainability PI&2021show idrigures, which set ambitious goals
for the federal governdém largest energy consumer in the United tStdézsl by example in
decarbonization and industrial sustainability. The plan committed federal agencies to achieve 10
pollutiofiree electrtgi by 2030, transition the federal vehicle fleet to 1@@fssze@encacquisitions by 2035,
and reach neero emissions operations by 2050. It also mandated improvements in federal supply chain
efficiency, and procurement standards toMaadsda materials such as clean steel and cement. By align
federal purchasing power with sustainability goals, the plan aimed to catalyze innovation and marke
clean technologies, while sendinggtangqvestment signals to industry.
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TheCHIPS and Science A2022), while primarily designed to strengthen semiconductor manufact
embedded sustainability in its provisions. It allocated $52.7 billion in incentives for domestic sen
production, incorporating requirements for clean energy usgem@atearsd resilient supply chains. Nearly
$170 billion in authorizations for R&D supported DOE laboratory modernization and emerging
development, including Al, quantum computing, advanced materials, and clean energy. Byylwkimg sust:
industrial independence and national security, the CHIPS Act positioned resilience as part of the s
equation even before the 2025 shift.

LAIFD> ACT Funaing wverview

LLLL) $52 7 Bolstering U.S. semiconductor
g‘a research, development,

manufacturin and workforce
I BI"IOH developmemg

@ 539 Q $B‘II"3IOﬁ @ ssoo Global information and

Billion . communications technology
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incentives R&D and workforce
development

Figure6d The CHIPS and Science @224 1]

The most consequential of these wialiatien Reduction Act (IRA, 2088 largest climate and industrial
policy package in U.S. history, with ~$370 billion in clean energy investments. It extended and expande
for wind, solar, geothermal, nuclear, and storage; provided consumer EV credits tiedalondograstic cri
supply chains; enhanced Section 45Q incentives for carbon capture, utilization, and storage; and create
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credits for legarbon hydrogen. It also included direct investments to decarboneresemeirgiustries (steel,
cement, chemicals) and to strengthen environmental justice and workforce training. The IRA created a
term investment hamileat anchored U.S. decarbonization strategies.

How the Inflation Reduction
Act Will Affect U.S. Emissions

Annual change in net U.S. GHG emissions due to the Inflation
Reduction Act of 2022 relative to current policy scenario’

2024 2026 2028 2030 2032 2035

ACT OF 2022

INFLATION

REDUCTION /
/4

* Estimates. In million metric tons of CO,-equivalent (Mt CO,-e).
Source: Rapid Energy Policy Evaluation and Analysis Toolkit

statista %
Figure7d Inflation Reduction A022%0]

Summary (pr2025 U.S. Model)

In summary, the {2@25 U.S. Industrial Sustainability model can be characterized asdaiviegjslation
climateentric model of industrial sustainability. It was underpinned by major federal investments,
frameworks, and incentives aimmeduaing emissions and accelerating energy transition, while simultane
building capacity in innovation and workforce development. However, structifaylchatiestyes
emissions, energy intensity, waste generation, and global congessvediesst the stage for the post
2025 shift toward a redefined model based on resilience, abundance, and innovation.

2.3.2 The PosR025 Strategy for Industrial Sustainability

Since 2025, the U.S. has deliberately broadened its framing of industrial sustainability. Rather the
sustainability solely with emissions reductiorzaraloigectives, the current approach encompasses enet
security, economic vitalitynt#dagical leadership, and resilience against global shocks. This reframing
from the conviction that sustainability is not possible without abundance: a manufacturing sector the
starved, oweegulated, or uncompetitive cannot reaksistaity jobs, innovation, or environmental progres:
The phil osophy of fenergy addition, not subtr
oil, gas, nuclear, geothermal, hydropower, and renewables to secure reliabie sup@ysaehgthening
U.S. export leadership. Policies emphasize affordability, domestic job creation, and shielding strateg
from offshoring pressures, phiuin@g technologyeutral approath supportarbon capture, hydrogen,
small maular nuclear reactors (SMRs), and digitalization. Climate change is acknowledged as
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innovatiahrather than mand#&tés emphasized as the pathway to sustained emissions reductiemand long
industrial competitiveness.

Details of the current U.S. administration policy are organized around three interlocking pillars:

Energy Security and AbundanceThis pillar emphasizes that abundant, reliable, and diverse energy s
is the foundation of sustainability. In 2023, U.S. energy production reached 1@T8B(Buadhlldrermal
Uni}, exceeding consumption by nearly 9 quBdilimraking the nation a net energy exporter. Fossil fue
continue to provide about 84% of production, |
Afenergy addition, not subtract i onotdronpréstridtimysuppyh y
but from expanding it across all saurcegural gas, petroleum, nuclear, geothermal, hydropower, &
renewables. Energy abundance secures domestic industry, strengthens grid reliability, and positions
export LNGhd nuclear power technologies that displaeenhiggien fuels abroad.

Economic Vitality This second pillar links industrial sustainability directly to economic competitiven
job creation. U.S. electricity generation exceeded 4.18 trillion kWh in 2023, demonstrating the scale
capacity needed to powanufacturing, digital infrastructure, and national security priorities. Policies
ensure that industries such as steel, chemicals, and semiconductors remain globally competitive and
offshoring pressures. Sustaining affordabilitstditg ireénergy supply is central to avaiding leakage
and preserving domestic jobs. Economic vitality is further reinforced by strategic energy exports, whic
trade balances while supporting global decarbonization. The underlying principle is clear: decarboniza
undermine industriagisgith but instead provide a platform4erdopgosperity.

Innovation Pathways The third pillar reflects a shift from redtioninnovatiirst. Rather than
mandating specific technologies, the U.S. supports a ‘{eslinalogyyironment where carbon capture,
hydrogen, small modular reactors ($iBEermal, and renewables can all compete. The Department of E
is modernizing National Labs to accelerate the cycle from research to commercialization. Permitting ref
bottlenecks, enabling prsettor capital to flow intodsecgkei nf r ast r uct woftkeapo v p 6
R&D strategy allows renewables to scale through market signals (solar and wind together supplied :
electricity in 2024, surpassing coal for the first time), while also adyameiagoneriear and storage
solutions. Innovation is not treated as an ideological choice but as the engine of sustainable growth, €
technological breakthroughs strengthen both competitiveness and decarbonization.

Climate change continues to be acknowledged as a real and pressing issue but is now framed as or
among many within a broader sustainability agenda. U.&eelkect@Eymissions have already declined
by about 30% since 2013, driven by tteegesalransition and renewable growth. The administration maint
that further reductions will come most effectively from innovation and diversification, rathen#reswmanda
prescriptive policies.

Post2025 Strategy & The Lefeym OutlooR Building a Sustainable Industrial Base

In the years since 2025, the United States has sought to redefine industrial sustainability in terms of
competitiveness, and resilience, moving beyond a narrow focus on carbon accounting to a broader ¢
secur es t h e basewhiie advabcng glabal alimate goala. Adnmlongook rests on the belief
that sustainability cannot emerge from scarcity or restrictive mandates, but from the expansion of en
modernization of technology, and strengtheningro¢ émondations. Under this framework, decarbonizatic
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is achieved not as a constraint on drotnvdis, a natural outcomedinologicainovation, efficiency, and
global leadership in energy exports

The administrationbés approach organizes sust
enabled by deregulation, ensures that industries can adapt and deploy solutions at the speed of ma
than the pace of regulation. Géatolgrship in energy exports allows the U.S. to shape decarbonization b
its borders by providing allies witkelongsion alternatives and advanced nuclear technologies. Integrati
advanced technologies, from Al to digital twins and srtrartsfipiaiss industrial and energy systems intc
intelligent, adaptive networks that optimize efficiency while reducing emissions. Finally, resilient su
anchor sustainability in stability, ensuring that U.S. industries can withstantiog®l@aiddremain
competitive in an uncertain geopolitical environment.

Together, these elements chart a pragmatic pathway where sustainabilityoi$ agaiastraaustrial
growth but a foundation for it. The following subsections outline how each dimension contributes ftc
sustainable industrial base foamdweyond.

Autonomous Innovation Enabled by Deregulation

A defining feature of the U.S. model is its conviction that innovation flourishes most effectively
competitive environments. Rather than mandating specific technologies, the government has
deregulation as a catalyst for pse@tie creativity and investment. Streamlined permitting reforms accelc
the siting and approval of energy and industrial infrastructure, enabling faster deployment of hydrogen t
small modular reactors (SMRs), geothermal facilities, aadpcarhon @ pr oj ect s. The
National Laboratoidesl e s cr i bed as tohfethefistrangthens this innovaton ecasysierd o
equipping labs with iglformance computing, testbeds for advanced manufacturing, aiod piéatnines
technologies. Incentives are designed to favor firms that can bring scalable solutions to market, from er
breakt hroughs to carbon utilizatdfonspoopeagma
reduce reliae on heavyanded mandates, instead unleashing competition to identify tafentet cost
impactful pathways to decarbonization.

Global Leadership Through Energy Exports

Energy exports are framed not only as a cornerstone of U.S. economic vitality but also as a powerft
of global decarbonization. By supplying cleaner alternativesnisdiaghtrels, the U.S. indirectly supports
emissions reductions abreitidlout imposing additional domestic costs. Liquefied natural gas (LNG) e
exemplify this role: shipments are projected to rise from 11.9 billion cubic fiegtpe0adytgiet.5/thcf
by 2030, nearly a ten percent annual growth rate PR2d4jeDOE approvals already cover up b ef8 bcf
export capacity, underscoring the scale of U.S. influence in global markets. Alongside LNG, nuclear en
are expanding as the U.S. pursues a plan to triple its domestic nuclear capacity by 2050 (DOE, 2024).
opportunities to eRpauclear technology, including advanced SMRs, and to supply nuclear fuels to alliec
seeking losarbon, baseload power. By combining fossil fuel abundance with advanced nuclear capak
U.S. positions itself as a unique energy superpower, able to simultaneously bolster global energy <
contribute to worldwide emissions reductions.
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Advanced Technology Integration

At the heart of the loeign sustainability strategy is the integration of advanced digital technologies in
layer of the industrial system. Artificial intelligence (Al) is increasingly used for predictive main
manufacturing plants andefgtime optimization of grid operations, improving efficiency and reducing dow
Digital twind highfidelity simulations of industrial fadilisdlew for continuous modeling of processes,
enabling proactive quality control, predictiveant@nterd detailed emissions monitoring. These innovatic
reduce waste, improve productivity, and enhance resilience during supply chain disruptions. At the s
smart grids are being deployed to integrate distributed energy resourcdsjestoaagielcamanagement,
ensuring reliable electricity even as renewable penetration grows. By balancing intermittent wind an
stable baseload power, smart grids guarantee the reliability needed to sustain industrial competitivene
Al, digital twins, and smart grids form an interconnected digital ecosystem where industrial product
supply, and logistics operate seamlessly, driving down carbon intensity while strengthening resilience.

Resilient Supply Chains as Sustainability

The U.S. model treats resilience itself as a core dimension of sustainability, recognizing that an indu:
vulnerable to global shocks cannot secdeenopgpgress. To this end, expanded domestic production of
gas, and critical mineratkices dependence on foreign imports, insulating U.S. industries from geopolitic
swings. Strategic sectors such as steel, chemicals, and semiconductors are protected from offshoring
prevent the HAcar bon tomeshiksaogregions ith aveéakepenwiranmental wtanean
Investments in infrastructure diversification, including ports, pipelines, and transportation netwol
redundancy that lowers vulnerability to chokepoints in global trade. At,tbt esagtieetiet: partnerships
with allies in LNG, nuclear, and advanced technologies create cooperative networks that distribut
enhance resilience across supply chains. By treating supply chain stability as inseparable from susta
U.S embeds resilience into its broader model of industrial strength and competitiveness.

Collectively, these strategies embody the pragmatic redefinition of sustainability as abundance, com|
and resilien@e positioning the United States to lead not just in climate mitigation, but in shaping the indu
energy systems of fileire.

Collaborative PubBrivate Partnerships in the R2625 Model

The longerm outlook for U.S. industrial sustainability emphasizes that resilience, abundance, and i
cannot be achieved by government policy alone. These outcomes depend on collaborative frameworks
federal agencies, industry lead@tsicademic institutions in ways that scale both innovation and implemer
In the post025 model, pubpidvate partnerships (PPPs) serve as the operational backbone of indt
transformation: they mobilize federal fundingk@deanceddnhnologies, channel industry investment into
commercialization, and leverage academic expertise to train the workforce of the future. Through this
accelerate the deployment of clean energy and digital technologies, ensure thatcresilie rexsempbly
beyond large corporations to include SMEs, and foster inclusive participation in sustainability trans
flagship platfor@sManufacturing US&nd theMlanufacturing Extension Partnership (M&enplify this
approach: the formeraades cuttirgdge technologies such as smart manufacturing, hydrogen, and cir
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economy solutions, while the latter ensures these innovations are diffused across the broader indL
Together, they illustrate how collaborative partnershipsd@26esposperationalize national strategy, linking
innovation with indubtgailience and widespread sustainability impact.

Manufacturing USA: Driving Innovation and Competitiveness

The Manufacturing USA network, encompassing 17 guteibtoggtitutes, operates as a national testbec
for applied research, commercialization, and workforce training.025paasgm, it plays four key roles.
First, it builds resilienge daldressing vulnerabilities in supply chains. Institutes such as CESMII |
manufacturing) and REMADE (recycling and remanufacturing) enable digitalization, circular materia
predictive capabilities that reduce reliance on importstamcposige to global shocks. Second, it enable:
abundance by advancing frontier techndldgies additive manufacturing and photonics to biofébrication
thereby expanding the diversity of production pathways. This aligns directly witifthe prelasaphygy

not subtraction, 0 broadening industrial opti
intersection of research and commercializatiarskiBygdedvanced technologies, the institutes make it eas
for pivet capit al to scale solutions; CESMI I 6s di
administrationdéds emphasis on digital transfor

capacity by preparing a pipelinexégemeration talent in robotics, Al, renewable energy, and advan
manufacturing, ensuring that U.S. competitiveness is underpinneddugyaratkierce.

The Manufacturing Extension Partnership: Scaling Innovation Across SMEs

While Manufacturing USA advances the frontier, the NIST MEP program ensures that innovation |
vast network of small and mesingt enterprises (SMESs) that make up more than 90% of U.S. manufact
In the post025 model, MEP plays a computi@myeole by embedding resilience, abundance, and innovat
across the broader industrial ecosystem. It expands resilience by equipping SMEs with digital tools anc
practices, preventing systemic vulnerabilities that would emergenisswerteredit behind. It scales
abundance by providing SMEs with access to technology integration, lean production methods, and ¢
optimization, ensuring that sustainability is not confined to flagship corporations but distributed acros
economy. MEP also accelerates innovation diffusion, helping SMEs adopt technologies pioneered in M
USA institutés such as smart manufacturing platforms, additive processes, and circular ecohomy pra
thereby bridging the gap betfeeenally funded R&D and everyday manufacturing practice. Equally imp
MEP invests in workforce development and inclusion, expanding participation in STEM and manufactt
among underrepresented groups. This aligns with the broadef siesitaitnability in the-pO26 model,
which places economic vitality and social equity alongside energy security.

Synergies That Define the U.S. Model

Together, Manufacturing USAand MEP cretite adwoe d sy st em t hat oper at
strategy. Manufacturing USA drivesnfdannovation, pushing the boundaries of technology and resilience,
MEP ensures bamkd diffusn, embedding those innovations across SMEs and strengthening the inc
ecosystem from the ground up. In this sense, collaboiigineapelpbetnerships are not peripheral but centre
to the U.S. approach. They transform resilience, abumaddimmoxaton from abstract policy principles intc
tangible outcomes delivered on factory floors, supply chains, and energy systems nationwide.
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This dual framework reflects a distinctively American model of industrial transformation: one in which
sets the enabling conditions, but deep collaboration across sectors delivers the results. By coupling tt
breakthroughs with bro@skd adoption, the U.S. ensures that its pursuit of industrial sustainability strer
competitiveness, builds resilience against global shocks, and-sacatead@mghip in the global energy and
industrial economy.

2.3.3 Summary U.S. Strategy fémdustrial Sustainability

In summary, the {2@25 model of U.S. industrial sustainability was driven by legislation, federal incenti
a decarbonization agenda, exemplified by the IRA, CHIPS, and Federal Sustainabii&pPamotieé post
represents a pragmatic retiefinsustainability as resilience, abundance, and innovation.

In the post025 model, the U.S. has redefined industrial sustainability through a pragmatic model ce
resilience, abundance, and innovation. Moving beyondrdycfonate the strategy integrates energy securit
economic vitality, andtdchmgg i cal | eadership as core priorit.i
not subtraction, 0 expanding oil, gas, nucl ear
while reinforcing global energy leadedisfridhresilience is treated as sustainability in itself, with policie
streamline regulation, modernize standards, and protect strategic industries from offshoring. This
positions the U.S. not just to reduce emissions, but toirsgestrgaitbase, expand global competitiveness
and shape sustainability transitioinsily

2.4 EUACctivities

Industry 4.@escribes a fundamental process of innovation and transformation in industrial proc
This transformation is driven by new forms of economic activity and work in global digital ecc
Todags rigid and strictly defined value chainsiageeplaced by flexible, highly dypandalobally
connected value netwottkat emphasizenew forms of cooperation. -Bav@n business models
prioritizeustomebenefiteind solutions, replacingpitoeluctentridocushathasbeenthe prevailing
paradigm of industrial value creation. Availability, trapapdrancgss to data are key factors for
success in the connected economy and largely determine competitiveness.

In this 2030 Visiam shown iRigures, the stakeholders of Plattform Industrie 4.0 present a holis
approach to the shaping of digital ecosystems. Working from the specific situation and est
strengths of GerméngndtheEuropean industrial base, their aim is to create a framework for a fL
data economy in line with the requirements of a social marke¢mpdasingpen ecosystems,
diversity and pluralégd supporting competition between all the stakietitbklerarket. The Vision
is primarily addressed to industry and commerce in Germany and Europe, but explicitly high
importance of openness and a willingness to work together with partners around the world. Thi
of German and European simguis rooted in a system of innovation and commerce driven

36



heterogeneity, diversitydspecializatiohn combination with commercial freedom, data and informat
security, and the protection of individual personal rights, these are the central pillars of the
industrial societydAcentralizeslystem of open and flexible ecosystems is built on this structure
offers the best preconditions for shaping the digital economy within the set of values of a free ¢
market economy. Three closely interlinked strategic fields of acti@h far¢herwsuccessful
implementation lefdustry 4:0autonomy, interoperabgityl sustainability. its role as sensor and
source of inspiration for future research topics, the German Research Council Indust
(Forschungsbeirat Industrie 4.0) has identified and designed specific research and developme
that should make a significant lwotidn to successfully realizing the 2030 targpgt3Vismothe
process, key topics were defined that include the changing landscape of industrial value cre:
prospets of technological developments, the engineadogtof 4.8olutionsand the interactions
between work, enterprises society.

Autonomy

Self-determination and free scope for action guarantee
competitiveness in digital business modeis.

@ Technology development @ Security @ Digital infrastructure

Interoperability - Sustainability

Cooperation and open ecosystems Modern industrial value creation
permit plurality and flexibility, ensures high standard of living

¢ Regulatory framework ® Decent work and education

@ Standards and integration ¢ Climate change mitigation

@ Decentralised systems and the circular economy

and artificial intelligence @ Social participation

Figure8 6 2030 Vision for Industry Q]

The stakeholders on Plattform Industrie 4.0 commit jointly to these fields of action as guiding
for the coming decade of the incipient spabfigdustry 4.0 Germany, Europe and globally. In a
dialogue with all the stakeholders in the industrial society, the aim is to establish a framework
so thad building on the current outstanding position of industry in globaDi¢oins)dbstry can
take place in a sustainable mannenndastry 4.@an be successfully establishexighout a
flourishing European Mittelsttmkieep this engine efficient and competitive, it is crucial not only
keep up with new technologies, but also to become an international leader in strategically
differentiating areas. This requires concrete measures to make the innovat®arsyatgnmore
agile, interdisciplinary and adaptive, while always maintait@rghnddodg4]45]46] In particular,
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it is important to create new spaces in which innovative and flexible ecosystems can emerg
establish new forms of collaboration that meet the dynamic requirements of modern techno
knowledge development.

2.4.1 Autonomy

The principle of autonomy underpins the freedom of all siakbkotdarket (companies, employees,
scientists, individuals) to takdetelfmined, independent decisions and to interact in fair&tnometigon
defining and shaping of the individual business model to tBadiedsiclugéd make a purchase within the 140
ecosystemsn this context, approaches such as systems engineering are becoming increasingly ir
particularly due to the interdisciplinary nature that is required for the engineering of autonomously
Industry 4.8ystems. Oramncrete example of this is @Hysical matrix production systems, which open u
new possibilities for the implementation of such systems thanks to their flexibilitjd@pt8hetworking

2.4.2 Interoperability

The flexible networking of different stakeholders to form agile value networks is one of the core buil
of digital business processbkwlirstry 4.0 he interoperability of all stakeholders is a key strategic eleme
the shaping of such complecentralizemtganizedtructures. A high level of interopérabilitiiich all the
partners commit and contribute égaakyuired to ensure the direct networking of operations and proce
across companies and sectors. In the other dmemtoperable structures and interfaces give bott
manufacturers and customers an unrestricted possibility to participate in digital value networks and tf
new business models. In this way, interoperability also boostsAautomoonant cornerstone for
interoperability is the creation and implementation of data spaces that enable open, sovereign and (le
access to dd#®] These data spaces form the basis for the efficient networking of systems and players
crucial for promoting the exchange of information across company and sector boundaries. In addition,
designed in such a way that they guarantéatdostbcurity and data protetctemsure the trust of those
involved and create the basis for the sustainable use of data in tmelgsinyektCOof

2.4.3 Sustainability

Economic, environmeriadl social sustainability is a fundamental pillar of the values of our society. Thi
in two directions: firstly, this sustainability is being enbdddeyg #fhh@nd secondipdustry 4.permits
substantial progr@ssustainability. For example, the prosperity and quality of life of each individual largely
on a forwaiddoking and competitive industrial sector. The ecosystem of innovation and the impleme
Industry 4.Bus create a fertile environment in which sustzanatabylt fromdustry 4.@ndindustry 4.0
itself can be sustaindl@dad thus make a key contribtgvwardmaintaining the standard of living of our
societ}p0]

2.4.4 Focus on thélumanBeing
New forms bfMlare becoming increasingly important in an industrial context. These interactions are «
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the way in which people work together with machines and autom&&EdpS§edisinstead of the
traditional, purely functional interfaces, where the human controls the machine, a cooperative appro:
pursued in which machines and humans act in a symbiotic relationship. The machines take on repeti
tasks, while mans make more complex, creative and strategic decisions.

The acceptance of new forntéMdtan be increased through transparent communication and the €
involvement of employees in the change process. Training and continuous education strengthen comp
use of new technologies, while ergonordrigndigrinterfaces and theepraton of human control promote
trust. It is also important that technology improves working conditions by taking over monotonous ol
tasks and improving the qualityfofdifgployees. An iterative process that relies on feedbackrktorcthe wo
also ensures that adjustments are made that promote both efficiency andbenmgloyee well

For implementatmfithis vision a dedicated initidkikéwas started.

Reorganize and increase flexibility and
autonomy of industrial value chains and Resilience
networks.

lnternatit‘)r_lal
Manufacturing-X

Increase efficiency and enable data-driven - e
solutions for CO, balancing and circular economy. Sustainability

Smart & Connected Industries

Accelerate digital innovations and enable new
data-driven business models to create new Competitiveness
value for manufacturing

Figure9 o IMX Counci|55]

The number of initiatives witX@&has grown over the last few yéaxtoryX is the lighthouse
project of the ManufactuXnmitiativeManufacturing initiative, CateXa FactorX and other
projects are the keyncepts to enable a networked, flexible and sustainable production world anc
for theDXof the manufacturing industry.

On that basishe focus has now shiftmdardData Spaces that support multilateral data sharing
across the industnvaluechain like CatenX or Factosy projects (Manufactudnipitiative). Cn
European level4 Common European Data Spaces arebbitinght nowfocusingn industrially
relevant areas like energy, manufacturireplthcare.

The ManufacturiXginitiatives include various projects for different industries such as machin
manufacturing (Fact¥)y the semiconductor industry, automotive -fQatsraspace, the process
industry and others. The aim is to network prqohecitsses across different companies and thu
create a fully integrated value chain. By using technologies sAt¢hraks ddge/cloud computing,
data is to be collecteshalyzedand used in real timeojmimizeproduction and reduce costs.
ManufactringX enables closer collaboration between suppliers, manufacturers and customers,
increasing innovation capabilities and competitiveness. This not only enables more efficient pi
but also greater adaptability to changing market c@slgfmwn iRigurelQ the vision of Factery
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X is an autonomous, -selimizingactory, in which human workers and machines work togett
seamlessly.

From this perspective, research and development into robots that use Al is also progressing |
See Annex A.

Transfer and
scalability
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Industry-specific
implementation of
use cases

#lSra ﬂ;lsra ﬁ-|8ra

Further development
of core services,
FOSS components,
standards and
regulations

Regulatory Framework and Standards

Figurel00 Manufacturing: Cooperation between the projgstd

2.4.5 Use Cases
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11 Use Cases for Integrated Toolchains | Information Update Collaborative I I
horizontal and and Collaborative and Change Information | |
vertical data Engineering __ __ Service Q Logistics | |
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I Kernel & Basis Services esp. interoperability addressing multi-vendor/multi-regions I
I (working items addressed with IMXC - partially)

Figurelld The eleven use cases of Fact&rybased on a common kernel and basic sefa6gs
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Business Models
Strategic Goals M

society

Digital Products and Senvices Everything as a Senvice

Exemplary Cross- _
Industry Use Cases

Capabilities

Requirements

Foundation Shared Technological Base Layer

International Manufacturing-X defines
global standards and runs a basic d

‘R”Q‘gﬁula’ ’mn' Framework and Standards international law

interoperability and sovereignty.

Figurel2d Foundational framework for activities and international stakeHhalders

2.4.6 IMX 0 Close Cooperation Worldwide

Through thétX Council, in which cooperation with leading manufacturing countries and companies
established, ManufactuXiradgtains global reach. Major initiatives worldwide are in regular exchange to e:
a worldwide network of compatible industeiebsigggems. More initiatives and countries will join soon
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Figurel30d IMX[58]
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2.5 CrossregionalSimilarities andifferences

In this chapter, we have looked at the efforts being made in Japan, the United States, and Europ
industrial sustainability.

We learned that each country is working on digitalization measures to drive economic growth with tr
efforts of industry, academia, and government, s&R a@sdfeam Japan, Manufacturing USA in the United
States, anithdustry 4-@lated programs in Europe.

Furthermore, in terms of the environmental burden associated with economic growth, each regic
measures to achieve a circular economy, such as the construction of an information sharing platform t
concept of 3RgduceReuseRecycle) in Japan, scientific efforts through programs such as the REMADE I
that promotes recycling and remanufacturing technologies in the United States, and the construction of
framework in Europe that integrates the practiceilaf @amomy into sustainability strategies to minimize
waste and resource consumption.

And in terms of energy supply, which is the foundation for sustainable industrial growth, each regiol
to reduce carbon dioxide emissions and strengthen energy security.

Thus, while awareness of the issues and the willingness to work together with industry, acad
governnm@ are common to all regions, each region has its own priorities and approaches based o
economic situation.

Japafts Society 5.0 vision advodatescybephysical space that uniquely combines technology and so«
welfareseekingo harmonize economic development with the resolution of sbhmlUs#ieelsStates is in a
period of transformation, moving toward an "innovation first" pragmatism, reducing rélgarts on he;
mandates, instead unleashing competition to balance climate goals with energy security, economic
technologat leadershim Europe, which includes many cowtltrgegariety of economic situations, the focus
is often on regulatory frameworks and pedicysustainabily)phasizirtgealignmerndfmanufacturing with
environmental and social goals through comprehensive policies and regulations.

Regional difences were also observed in terms of resource constraints. In Japan, due to limitec
resources araheavy reliance on imports, the focus is on energy efficiency and material innovation to
sustainabilityn the United States, the focus is on optimizing resource use and improving efficiency
innovation and advanced technology to achieve sustainabilitizugopks. each country faces different
resource constraints, and the strategies for resource efficienobifity saarstaldoserse

As mentioned above, it was found that each regitraieasveareness of the issues and a willingness to
collaborateith industry, academia, and governaduhiemmndustrial sustainabiigweveeach region has
its own unique priorities and approaches to specific takiagntesaccouttie economic situataodother
factors relevanthe region. It is important to mutually understand these similarities and daffecenots and
international cooperaitioordeto achieve industrial sustainability on a global scale. In the following chapte
will delve deeper into related topics and explossiltiigiesf international collaboration.
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///////////////////////////////////////////////

CqumnEmpowermg SMEB;lrough Tallored D|g|tal Transforma‘uon

SMEs play a crucial role in society and the economy,
and their DX has the potential to enhance the overall

competitiveness of a nation.

However, there are still challenges to be addressed
in order to improve productivity through digital
means for SMEs.

One specific challenge faced by SMEs is the effort
required to accommodate different conditions and
document formats for each business [paltner
Traditionally, initiatives  involving  industry,
government, and academia have encouraged the
use of DX solutions designed for large corporations
to address this issHe@wever, solutions tailored to

the perspectives and digital utilization capabilities of

///////////////////////////////////////////////////////////////////////
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SMEs are necessdry.other words, SMEs are
looking for customized solutions that fit their needs
and budgets, rather than developing digital solutions
from scratch-fiouse. To achieve this, there is a
demand for environments that allow SMEs to
customizeligital solutions withcode to make
customization easisran example

In this way, it is important to realistically assess the

mindset, financial capacity, and response
capabilities of small and mesized enterprises

and citizens, who are at the core of&Dé{eind

to proceed with the transformation from their

perspective.



3 LaborProductivity,TradeOpennessincentives|.aborMobility

3.1 Foreword

3.1.1 LongtermTrends inGlobalProductivity

Second Postwar Era of Era of
Industrial Revolution boom contention markets
Electrification, Continued Energy crises Integration of Pre— and :
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Figurel4d Trendline of labor productivity growth, total economy, % year oftjear

In the face of evolving global economic challenges, understanding the intricacies of labor producti
factors influencing it is paramount for sustaining growth and competitiveness. This chapter p
comprehensive examination of labortipitydtrends across Japan, the United Statésrapgbffering
valuable insights into the unique dynamics shaping each region. There is an argument that there are tw
of labor productif6iyThe first is the amount of capital per worker, and its increase is alsaeafjedicgpital
Capital can be tangible, such as machines, electricity, gas, water, and roads, or intangible, such as s
intellectuaropertylt is generally said that office workers are more productive if they have a laptop cc
construction workers are more productive if they have a crane, and transportation workers are more
roads are in good condition. The second ischpitednsuch as the ability, education, and accumulate
experience of workers. For example, it is said that office workers who use laptop computers are more
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they have the ability, education, and accumulated experience. In other words, the key points in the d
labor productivity are capital depending on and how to promote the growth of human capital.

Productivity growth has spread throughout the world through the social application of new technolo
development of infrastructure in human[&odietyapan, the critical role of labor productivity in th
manufacturing sector highlights the need for strategic incentives to attract and retain talent. In
technological innovation and workforce dynamics shape productivity, whileviérs& pr taleectidty trends
that require targeted support and investment. AsFsgoreiandFigurel 5 historically, around the time of
World War |, leadership in innovation and productivity shifted from Europe to the United States, driving «
mass production, and automation. Then, despite the Great Depression and the receg3/dodchtWhe end
| and World War 11, the United States was able to maintain an average productivity growth rate of 3% f
the 197Q86] After World War Il, Europe and Japan experienced a significant increase in productivity. In
rebuilt cities, and investments in technology tried to catch up with the United States. China acce
productivity growth after opening upntsmgcin 1978, but it peaked in the late 2000s. Other major A
economies, such as India, have also seen productivity growth over the past 25 years as they have int
global value chdidis

C &
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Note: N=242, weighted averages for 1 regions in 21 rolling 5-year periods.

Figurel5d Productivity level and productivity growth per empl{gee
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3.1.2 TradeOpenness

M2017:Q1 2 2021:Q4
) B2022:Q1 2 2024:Q1

D e e
Within bloc* Between blocs*

Figurel60 Percentage point differences in trade growth before and after the start of war in
Ukraing[8]

The bloc definition is based on a hypothetical bloc comprising Australia, Canada, Europe, Neu.Eaalhiad, and the
hypothetical bloc including China, Russia, and countries siding with Russia during the March 2, 2022, UN General
Assembly vote on the war in Ukraine. Other countries are coraigeegi@lnon

Figurdl6shows th@ercentage point differences in trade growth before and afteéhéveastiart tifraine
analyzed by I8FAccording to the IMig figure shows that increasing geopolitical fragmentation is
of the reasons the world is moovwarda lower growth econoAlgq around 3,000 trade restrictive
measures were introduced in 2023, almost three times as many BseinN2BI@porteldat as
global markets become more integrated and value chains become more complex, the costs of g
fragmentation become greater, as trade restrictive measures stifle efficiency gains from
specialization.
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Figurel7d TradeOpennesks0]
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Figurel7shows the trade openness mdtrecsum of exports and imports of all countries relative
global GOBO] The horizontal axis shows a timeline from 1870 to 2020. Also, if you look at the red
on the right, you can see that it has stagnated since the global financial .cTisexjoé&008 is
whether there is a correlation between labor productivity and trade openness.

In other wordduring the era dfberalization from the 1980s to the financial crisis of &8,
is a hypothesis thahe manufacturing industries of developed countries such as Japan, the Unitec
States, and Europe increased their labor productivity by keeping orlyahighdded processes
in their own countries and offshoring other processes to third countries, matdedl gremise of
free tradeHowever, since the 2008 financial crisis, the expansion of free trade, which is the p
has stagrtad, so it can be said that it has baoeeeesary to take different measures to improve
labor productivity in the manufacturing industry in developed countries.

In this contexXxthdustry 4,@vhich was one of the pillars dHtgRTech Strategy 2@a@proved by
the German government in November 2011, attracted the attention olnthestiyoddwas
proposed as one of its goals to dramatically improve labor productivity in the manufacturin
industry by utilizing digital technology.

Now that 15 years have passed since the propodastof 4,(has labor productivity in the
manufacturing industries of Japan, the United States, and Europe really improved throuc
digitalization?And has it been strengthened more than the labor productivity of the manufac
industries of other countries that have emerged over the past 15 years, such as China and Ind
following chapters, we will analyze the actual situation draseswesreports from each country,
highlight commonlgdbissues, and explore the possibility of future international collaboration.

3.2 JapanrActivities

3.2.1 Labor Productivity
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Figurel80d Labor productivity in manufacturing sefbor
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Figurel8 showslabor productivity time manufacturing sector thg JapanProductivity Center
publishedn Dec 22, 2023] The Japan Productivity Center has been recording labor product
statistics for many years as value added per employedopeveuvert the labor productivity of the
manufacturing industry into dollars, the exchange rate is used as a movihgcalcerdagiens

3.2.2 Incentives

Electricity, gas, heat supply, water suppij s 556,322

Information and Communications Industy e 408,722
Academic research, professional and technical serviceEEEEEEEEEEEEE 488,868

Finance and Insuranc o 481,234
Mining, quarrying and gravel extractionm e 451,294
Construction mEEEE 431,562
Real estate business, goods leasing businessEES—————————————— 303,991
Manufacturing industry e 301,169
Education and learning suppoi e 372,131
Complex Services Busine s 369,057
Transportation, Postal Serviccan 362,988
Medical Care and Welfaron e 302,143
Wholesale and retail trad S 203,213
Lifestylerelated services, entertainmen—— 215,857
Accommodation, food and beverage servicesn——————— 128 899
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Yen

Figurel9d Average monthly cash salary per regular worker by infadsjtry

Figurel9 showsanaverage monthly cash salary per regular worker Qypundlissted ke Statistics
Bureau, Ministry of Internal Affairs and Communications, [BiljaNe2G2Psee that wages are lower in the
manufacturing industry compared to industries such as electricity, gas, and water, and inform
communications. From an incentive perspective, it can be hypothesized that one of the cause®of the la
is that talented people prefer industries with higher wages rather than manufacturing.
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Looking at the trends in wages (regular salary) for general workers in all industries and mant
as shown iRigur&Q both have been on the rise since 2014, with wages in all industries expectec
330,400 yen in 2024, while wages in manufacturing will be 3[B2J6l00okery at the difference in
wages between all industries and manufacturing, wages in manufacturing have consistently b
than wages in all industries. In addition, the wage gap between the two was about 2,000 yen in
will exceed 10,008nyin 2024.

3.2.3 Capitalnvestment antiumanResourceDevelopmen$tatus

As mentioned in the Foreword, a key point in any discussion of labor productivity is how to promn
dependence and the growth of human capital, so below we will evaluate trends in capital investment
resource development in Bpaanufacturing industry.

As shown iRigure?], capital investment in the manufacturing industry has exceeded depreciation ex
since the fiscal year ended July62)The upward trend has continued since the fiscal year ending April :
due in part to the easing of the impact of the spreadl®. COVID
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Figure210 Trends in capital investment and depreciation costs
in the manufacturing industf§2]

To effectively promote the career development of workers within companies, subsidies are being
employers who have implemented vocational training for employees according to a plan, covering traini
and a portion of wages duringathe¢y perif@l] To accelerate investment in peodlduthan Investment
Promotion CoutsadiBusiness Development Reskilling Suppordvdbinsestablished in FY2022, and will
be supported with high subsidies until FY2026. In addition, from April -2&2d eithectniran and training
leave system of the human investment promotion course will be applicable to hourly ézaeasdakat work
leave flexibly, and the upper limit of the number of hours and amount of wage subsidy per person fc
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mediunsized business owners will be raised. In addition, to promote the use of voluntary vocatiol
development training, the minimum training time will be lowered from 20 hours to 10 hours, and the
that training be limited to-retaded training will be accepted to includerRaiated training, making it easier
to use in combination with theédamgeducation and training leave system.

In this wayhe Japanesgovernment continues to support employers who are working on human re:
development. The number of grant applications approved for the 2023 Human Resource Developm
Subsidy (Human Resources Development Support Course, Educationeme: TBaamh@aurse, Human
Investment Promotion Course, Business Development Reskilling Support Cowmtséghe 38hd@r of
eligible workers is 136,909.

Additionalljne evaluation system and the promotionhaf\&altobeenstrengthengsl]

The Skills Testing System is a national cenpifagtaothatassesseandverifiesheskillevelof workers
based ompecifistandards. As of April 1, 2025, 133 occupations are being implemented. It plays an impc
in increasing the motivation of workers, including those in the manufacturing field, toiacgpirevekgls and
theirsocial status. In fisgaar2023, approximately 810,000 people applied to take the test nationwide
approximately 360,000 passed. In total, approximately 8.72 million people have become skilled worke
system began in fisgrl9591n addition, tlapanesgovernmemins to promote vocational training and
improve the skelvelofyoung skilled workers (generally under the agpaftg)ating countries and regions
through skills competitidaparalso participaén the Worl8kills Competition for the purpdsstefing
international exchange and goodwill.

Labor productivity in J@paranufacturing indusgfiectshe history and challenges of the&Gectwth.
After the dramatic grdedidingiptothe 1980s, the debaterwhathe growth drivers should be and how to
implement measuresathievea sustainable indudtas been ongoing for the past few deBabesmt
technological innovations and human resource ptegegieemising paths for improvemeiieamdlistry,
academia, and governmerdt work togetiemraddress the drastic changes in social conditions that occur e
day.

3.3 U.SActivities

3.3.1 Manufacturing Labor Productivity: A Comprehensive Analysis

Manufacturing productivity in the United States has been shaped by technological innovation, shifts
dynamics, and policy interventions. Labor productivity in the U.S. is commonly defined as the ratio of
typically measured by G@#e total hours worked within the manufacturing sector. This key metric, repc
the Bureau of Labor Statistics (BLS), serves as a critical measure of labor efficiency in generating eco
While global definitions of labor producterglygahgn with the U.S. approach, they often integrate additic
dimensions, such as energy use or environmental impact, to address regional priorities. Despite thes
the fundamental goal remains consistent worldwide: to maximiteeroumipuizingiinefficiencies in resource
utilization.

50



3.3.2 Trends in Manufacturing Labor Productivity
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Figure22d Manufacturing Sector: Output per Worker for All W¢6i3rs

Thetrajectory of U.S. manufacturing labor productivity reveals periods of growth and stagnation
economic shifts, technological advancements, and external challenges. From 1973 to 1990, produc
slowed to 1.4% annually, as manufachcesiseEonomic restructuring, oil crises, and intensified glo
competition. This period highlighted inefficiencies as the sector adapted to a more interconnected glok
The 1990 to 2007 technological resurgence marked a significanwithrpaoouctlyity averaging 4% annual
growth. This was driven by the adoption of emdgaltéesign (CAD), robotics, and lean manufacturir
techniques, alongside globalization and offshoring, which enabled firms to optimize production and re
However, the 20@819 posecession period brought new challenges, with productivity growth falling tc
annually due to reduced capital investments, labor market disruptions, and a shiftiemtadisdngues.

During the COVIB pandemic, U.S. manufacturing productivity experienced a sharp decline in ear
with output dropping by 20% in Q2 2020 as factories closed and supply chains were disrupted. Howe
rebound followed, with productivity Xil% in Q3 2020, as manufacturers rapidly adapted by impleme
automation and digital technologies to maintain operations. Despite these gains, the sector facec
challenges. The pandemic accelerated the adoptustryp# @chnologies, such as IoT and robotics, which
helped offset labor shortages and improve efficiency, laying a foundatiorpfodiactyity growth even as
global supply chain disruptions and workforce challenges continued.

In general, the slowdown in U.S. manufacturing productivity growthi 2a0the&t6al crisisspite
investments imdustry 4.@echnologies, can be attributed to several factors: Research indicates th:
productivity slowdown is widespread, affecting various industries and firms of different sizes. This sugc
issue is not confined to specific sectors but israpberamenon within the manufacturing landscape. Al
despite increasing R&D intérmeiasured by the ratio dD R&penditure to gross oditinare has been a
decline in the effectiveness of R&D in generating productivity growth. This indicates that additional iny
R&D are yielding lower incremental productivity gains than in the past. Atiuitibe fiegiat &loption of
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computer and electronic technologies between 1985 and 2005 significantly boosted productivity. Howe
technologies became ubiquitous, the marginal gains from further adoption diminished, leading to a ¢
productivity growth. Also, tleéndein capital investmentfpasicial crisis has limited the manufacturing
sectos ability to modernize and enhance productivity. Lower levels of capital formation have const
adoption of new technologies and the replacement of oytietet! Bgsiimmary, the-past productivity
slowdown in U.S. manufacturing is a multifaceted issue involving widespread industry effects, diminis
on R&D, technology saturation, and reduced capital investment.

Despite ongoing challenges;téughmanufacturing sectors, particularly those in semiconductors
advanced electronics, have demonstrated robust productivity growth, showcasing the resilience and a
U.S. manufacturing. The adopfiotustry 4 @chnologiéssuch as robotiéd, and lod has been pivotal in
driving efficiency, precision, and scalability. These advancements, bolstered by policies like the CHIF
enabled transformative gains in productivity by modernizingapdoeabsesing global competitiveness.
While certain industries still grapple with barriers to modernization, the integedtertetivutioges and
the support of forwhroking policies provide significant opportunities for sustainedrgrovatianacross
the U.S. manufacturing landi@épe

3.3.3 Factors Contributing to Productivity & Sustainability Trends

Labor productivity in U.S. manufacturing is shaped by a combination of technological innovatiot
investments, workforce dynamics, and global trade cosaleddtivhieh are increasingly interlinked with
sustainability goals. Technolodicah@ments remain a cornerstone of productivity growth, with the integ
of roboticgyl, and IoT transforming traditional manufacturing processes. These technologies have enabl
precision, minimized waste, and accelerated productmntymlgisig not only to efficiency but thlso to
environment. In 2022, capital investment to upgrade manufacturing infrastructure in the private nonfa
sector grew at an annual rate ofedBWhese investments are essential for adopting efficient technolot
aligning productivity improvements with sustainability objectives.

Global trade and supply chains have long been pivotal to U.S. manufacturing productivity, providin
costefficient raw materials and markets. However, recent trade tensions and supply chain disruptions he
vulnerabilities, prompting tda®ufacturers to reconsider sourcing strategies. This has accelerated inves
in domestic production capabilities and localized supply chains, supporting both resilience and en
sustainability aretucedlependence on volatile global sarket

The capabilities of the workforce also play a critical role in U.S. labor productivity. While the U.S. b
a highly skilled labor pool, nearly 80% of manufacturers report difficulties in finding qualified workers, f
persistent skifigp. The U.S. manufacturing industry faces a critical workforce challenge fueled by den
shifts and skill shortages. A 2018 Deloitte report projected that by 2028, 2.4 million manufawturing p
53% of open rodesould remain vacant due leck of skilled workers. A 2024 study estimates this figure
rise to 3.8 million unfilled positions within the next decade, highlighting the pE&jalstantyi289é of the
workforce consists of Baby Boomers (bdda®&9%i6nany nearregremenilready, 5% of the workforce is
beyond retirement age, and an additional 20% is set to retire within 10 years, risking a significant loss
Simultaneously, the small number of Generation Z workers entering the sector compouraisrye prob!
manufacturers struggling to fill roles while managing the retirement of seasoned employees. Addi
requires targeted strategies, including workforce development, advanced training, -grnekntechnol
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recruitment to secure the sedture competitiveness.

By integrating technological innovation, capital investment, localized supply chains, and addressin
development, U.S. manufacturing can achieve productivity gains while advancing sustainability. Thes
are essential for maintainifgaigtmmpetitiveness and addressing the environmental challenges of the
century.

3.3.4 Comparison of Global Productivity Trends

GDP per hour worked in USD*.
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Figure230 Productivity levels in 208Z]

The United States maintains a strong position in global manufacturing labor productivity, though it t
certain smaller, higtlue, specialized manufacturing economies such as Ireland, Norway, Switzerlal
According to data from the OagianiZor Economicd@peration and Development (OECD), in 2022, the U..
achieved a GDP per hour worked of appsaxg@8jng other major economies, including Germany and Jaj
in this metf&8]
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Manufacturing labor productivity in the United States reflec tuagtiity and resilience. While
historical trends highlight periods of growth and stagnation, recent advancements in technology an
strategies offer promising pathways for improvement. Addressing challenges such as skill gaps, in
limitations, and economic volatility will be essential to maintainié gdngpstiticeness in a rapidly evolving
global landscape.

3.4 EUActivities

Germany United France Italy Spain
Kingdom

W 1995t0 2000 M 2000t0 2005 ¥ 2005 to 2010
B 2010t0 2015 M 2015to0 2018

Figure240 Labor productivity in manufacturing
Annual average change in the fyear intervals, percef@9]

As shown iRigure24the five largest economies in the EU (Germany, France, Italy, Spain an
United Kingdom) show different treniddanproductivil§d] Germany has experienced slower
productivity growth in recent years, which is partly due to demographic change and the in
importance of the service sector.

Germany has experienced slower productivity growth in recent years. In this poiRigase shown
25 as the Statista chart with data from the Deutsche Bundesbank shows, both GDP per working
GDP per working hour have been declining slightly din@jeA208Bling to the Federal Statistical
Office (Destatis), an important reason for the slowdown in productivity development in Ge
consideringhe purely mathematical factor of a slight decline in economic outpud snbe 2023
structural change in the ecortomgrdthe service sectors. It is assumed that most activities in t
service sector tend to offer less potential for productivity growth than ihehendastial sector
Production processes in the service sector dedofietensivand can be replaced to a lesser extent
bytechnology.
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Another significant factor in the slow increase in productivity in the manufacturing industry t
thatindustry 4.@pplications have not yet been implemented across[tig @8] The associated
implementation problems, often due to inadequate infrastructure, high initiabinhesteed tor
a fundamental rethink in established production processes, are hindering rapid adaptation. The i
of new technologies into existing operational structures is particularly phesdkEmgigg,
considerable hurdle for SMEs. Here, there is often not only a lack of financial resources but alst
personnel capacity to make the transformation sustainable and efficient. Adapting operational
to technological innovations requiteisséve investment in both tedhnfcastructure and employee
trainingCarefuplanning is necessary to manage the transition without significant losses in proc
output.

Looking back at 2016, when Industry 4.0 initiativeG émgamy faced the problem that its labor
productivity had not improved sincea2hown iRigure2g74] At that timet was estimated that
Industry 4.@ctivities alomaightincrease the productivity of the German economy by 12% by 2C
solelythroughheadded value from the digitalization of all production, supply, and distribution c
However, even now, 10 years later, productivity has not increased, as Fipome@4addRrigure
25

The slowdown in labor productivity growth comes at a time ahdiseenséimes disruptive
technological advances. In many areas, comprehensive IT networkingegitresdyniee/ forms of
organization in production and sales, while innovative businebslieadelstablished structures.
These developments, combined with buzzwords &ulikstag 4,0Big Datadnd thednternet of
Things suggest great potential for increasing productivity. It is therefore all the more s@rprising
digitalization of the economy does not appear to be accompanied by significant productivity g
@roductivity paradmsxnot entirely negven the introduction of personal computers into economic
in the course of thkird industrial revoludianthe 1980s did not lead to the expected advances i
productivify5]
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Figure260d Productivity growth rates by industry,
as predicted by Frankfurter Allgemeine Zeitung GmbH ify2P16

3.5 CrossregionalSimilarities andDifferences

All three regions have seen productivity growth slow since the 2007 financidlteigigactice of
keeping only higalueadded processescountry and offshoring the rest has been reconsidered since
financial crisis.

Instead, each region has been investing in digital technology and automation, but the benefits of this
be seen in productivity gailss.each region shares the view that human resource development is esser
sustaining productivity gains, and each region is investing in education and training to strengthen hum

Additionally, each region acknowledges the need to realign labor market incentives and address d
challenges, such as aging populations and labor shortages. Improving labor mobility and creating attr:
paths in manufacturing are spatey priorities.

On the other hand, differences include the way each region responds to trade liberalization and it:
productivity. Japan keeps-ragifeadded processes in Japan and outsources other processes overse:
focuses on balancing domestic produthiagiobal trade opportunities through strategic trade policies.
United States, responding to trade tensions and supply chain disruptions, is shifting toward resl|
strengthening domestic production capabilities. In the EU, trade litsrdsizat® diverse, with some
countries moving toward integration into global value chains. It focuses on balancing trade liberal
domestic economic priorities and ensuring that trade policies support productivity growth across the re

Also, incentive structures to attract talented people to manufacturing vary by region, affecting labor
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productivity. Wages in J&paanufacturing industry are low compared to other industries, which may hin
acquisition of talented people. It focuses on strengthening incentives to attract skilled workers to manut
ensuring talent retention and maximization a¥iprobfuttte United States;tbighsectors offer competitive
incentives, bsitillgaps still exist. The focus is on addressing the skills gap and strengthening incentives t
talent, to keep manufacturing coreetdiinnovative. EU incentives vary across countries, with some stru
to attract skilled workers due to stagnant wages and investment. The focus is on strengthening incenti
and retain talent across member states to keep manufapeiitig @nd productive.

Labor mobility shows further diverdapes, while historically characterized by lifetime employmen
gradually shifting toward more flexible laborThedd!S. labor market is generally fluid, with systems a
employer expectations oriented toward rapid workforce reallocation. In the EU, labor mobility is suppao
regional coordination, with an emphasis tmoesskills recognition ankfavoe reallocation programs.
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4 NewlJobg/LostJobs, Gighork, WorkforceStrategies

4.1 Foreword

The World Economic Forum (WEF) publisketutieeof Jobs Report 2623anuary 2025, outlining the
outlook for the global labor market over the next five y2@80)20RE wasalyedbased on a survey of
over 1,000 major companies around ttiéojfat]d he report predicts that the rapid spread of generative
will bring about major changes in industrial structure, employment, and required skills. It also states that
five macro trends will significantly change the labor market by 2030.

1. Technological evolution: digitalization and the advancement of Al

Expanding digital access, the evolution ofl@T and the spread of robotics and automation wil
continue to have a major impact on the labor market. In particular, Al is ranked as the biggest trer
of surveyed companies expect to transform their business, and its impact will bermnie datgest in
job creation and loss.

2. Economic uncertainty: rising cost of living and slowing growth

Although global inflation is slowing down, rising living costs (50% of surveyed companies expect
and slowing economic growth (42%) will continue to affect business activities in the future.

3. Green transition: accelerating climate change measures

Increasing awareness of climate change measures is the third biggest change driver in the lak
Increasing investment in decarbonization (47%) and adaptation to climate change (41%) will boc
for renewable energy engineers and envirengerdars.

4. Demographic changegingpopulations in developed countries and increasing young workforce
emerging countries

Aging and declining workforces in developed countries (40%) and increasing workforces in
countries (24%) will have a significant impact on the labor market, including increased demand fol
and educatierlated jobs.

5. Geoeconomic divisions: geopolitical tensions and protectionism

Increasing geopolitical tensions (34%) and protectionist policies (tighter restrictions on ti
investment: 23%) will restructure supply chains and increase demandl|&bedgasityencouraging
companies to transform their business models.

The report also predicts which occupations will grow fastest and decline fastest over tdtntbet five ye
followingwo figures
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Top fastest growing jobs
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FinTech Engineers
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Figure270 Top fastesgrowing job2025203(076]

Top fastest declining jobs

Postal Service Clerks

Bank Tellers and Related Clerks

Data Entry Clerks

Cashiers and Ticket Clerks

Administrative Assistants and Executive Secretaries
Printing and Related Trades Workers

Accounting, Bookkeeping and Payroll Clerks
Material-Recording and Stock-Keeping Clerks

Transportation Attendants and Conductors
Door-To-Door Sales Workers, News and
Street Vendors, and Related Workers
Graphic Designers
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Legal Secretaries

Telemarketers
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Figure280 Top fastestlecliningjobs 2026203(076]

Figure27 shows the growing jobs from 2025 to 2030. The horizontal axis shows the re
increase/decrease, and the vertical axis shows jobs. Jobs such as Big Data SpedialigiedigrTech
and Al and Machine Learning Specialists are predicte@totheoather harfdgure28shows the
declining jobs from 2025 to 2030. The horizontal axis shows the rate of increase/decrease, and t
axis shows jobs. Jobs for Postal Service Clerks, Bank Tellers and Related Clerks, and Data En
are predicted to declifleat ismost of the growing jobs are techrrelaggd, with Al specialists and
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business intelligence analysts being thedastasg roleé&ndmost of the fastest declining roles are
administrative or secretarial roles, including bank tellers and related clerks.

As the labor market changes, the skill sets required of workers will also change significantly. The re
that by 2030, 39% of wodkgisting skill sets will be transformed or outdated. Companies are placing en
on continuous learning, reskilling, and upskilling programs. In addition, from the perspective of the dive
and abilities of workers and diverse working stded mechanism is required to match workers with the la
market more dynamically and in detaildlibitishe spread of a working stylg®ajleatioin recent years
in various countries, and this trend must also be considered.

In the following chapters, we will discuss how each country perceives such worker education and tt
of workers with the labor markebasitlethe wrkforceranagement.

4.2 JapanrActivities

4.2.1 Estimated.aborShortage

PERSOResearch Institute, the research instRie ®DLa major Japanese temporary staffing company
published Future Labor Market Projections 2035 in O¢@@}&s20Pesult of the estimate, it was found that
in Japan in 2035, the daily labor demand will be 346.97 million hours, while the labor supply will be 3:
hours, resulting in a labor shortage of 17.75 million hours per day. This trantateotB8B4mmillion
workers, and the labor shortage will be 1.85 times more serious than in 2023.

In 2035, the total population of Japan, including foreigners, is expected to decrease by about 7.7 m
compared to 2023, and the aging population will alsadQmogjceEsgitpese demographic trends as well as
the state of the economy and wages, this estimate predicts that the number of employed people will
about 3.75 million, while the working hours per person are expected to decrease by about 163 hours
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Figure299 Outlook for annual work hours per employed peirsdapalfi7 8]
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Although the number of working people will increase as more women and seniors participate in the
the number of working hours per person will decrease, coupled with the effects of work style reforms.
Figure29 the annual working hours per employed person is expected to decrease from 1,850 hours
1,776 hours in 2030 and 1,687 hours in 2035.

In other words, although Japan is transforming into a society that accepts diverse working styles, the
is not enough to meet the demand for labor required by society, and it is necessary to balance the
demand of labor by furthemirmy productivity in existing industries and endbertagirgjormation of
individual industries to adapt to a changing society.

4.2.2 Future Human Resources Conference

The Future Human Resources Conference, organizeddhylEapar2022, invited presidents and
executives of major globally competitive companies from various industries, including automobiles,
industrial machinery, energy, retail, logistics, construction, and financeiibe lgae abbuiman resources
that will be needed in the fgi9E.

As a result, it was said that unless everyone can sense changes in the times and constantly update
and skills, they will not be able to adapt to the accelerating transformation of the industrial structure i
Based on this, thetire Human Resources Conference estimaig@daksgpatemand in 2050.

In these estimat#seyassumed changes in demand for skjlfyesto. digitalization and decarbonization,
first estimated the extent to which each skilhuddcbe required in 2050, and then estimated the numbet
workers by job type and indAsiythdollowing two scenarios were assumed when estimating labor dema

Highgrowth scenario: A scenario in which digitalization and decarbonization progress and a high ¢
can be achieved

Lowgrowth scenario: A scenario in which digitalization and decarbonization stagnate and a high growth |
be achieved

Figure80shows the relative change in the number of workers required for each job type with the hi
scenario. The horizontal axis shows the rate of increase/decrease, and the vertical shows jobs. Jo
agriculture, forestry, and fishery workers, construction and minangdeffideergorkers, are predicted to
decline, and production process workers, professional and technimatl seovkessyworkersic.,are
predicted to grow.

AndFigure31shows the relative change in the number of workers needed by major industries with
growth scenario. The horizontal axis shows the rate of increase/decrease, and the vertical shows
Industries such as agriculture, forestry and, fishenig&nd construction, public service, ssetvindfiare
predicted to decline, and medical care and welfare, education and leaanthgawgpctyringtc. are
predicted to grow.

From this analysis, they predicted that in Japan, changes by occupation will decrease in occupatic
easily replaced by Al and robots but will increase in occupations that are difficult to replace, and ¢
involved in new technologicalajewent. In addition, they predicted that changes by industry will be g
influenced by the composition of occupations within each industry.
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Also, thelpoked back on Ja@amployment system and considered futurg/pplicies

In the past, the Japanese employment system was said to be a source of competitiveness, especially
production model of manufacturing. Under the steady economic growth, the Japanese employm
developed human resources fromHaongespective based on the premise @#étongmployment, which
contributed to fostering a sense of unity in the organization and accumutapiagiftocegaetyilities. In
addition, the lumpm hiring of new graduates, which was established baspcemisahof loteym
employment, tended to enable many students to find employment after graduation, except for temporar
periods, and led to social stability, such as keeping the youth unemployment rate at a low level.

However, as Jaf@aconomic growth slowed aridahiénued growtl@at was the premise of the wage and
personnel system unique to Japanese companies could no longer be expected, the limitations of th
employment system have been pointed out since the 1990s.

Currently, employee engagement at Japanese companies is at the lowest level in the world. While
believehey want to continue working at their current emegawgintend to change jobs or start their own
businessedn addition, compared to other countries, there is a strong tehdemayges notresulin
wage increases. And more than 40% of companies recognize thetgaepkittwexguired by technological
innovation and the skilteaifcurrent employees.

Based on these reflectitiisyasked Japanese society whether a review of the employment and ht
resource development system is required without any sacred cows. Specifically, it argued that the
employment system represented by lifetime employment amasseniaiesculd be discussed, and the
recruitment strategy that is the area connecting the Japanese employment system with the outside wi
words, as showrFigure2 it was argued that the relationship between workers and organizations should
from dtlosedrelationship tad®elect and be selectethtionship through human capital management.

Figure320 The relationship between workers and organizations
as advocated bWMET) Japaf79]

In conclusion, they pointed out that megatrends such as digitalization and decarbonization will ¢
capabilities and skills required, and may significantly increase or decrease labor demand in certain occ
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industries. In this context, they pointed tadeliatop and secure the human resources that will support
future, it is necessary to reconsider the entire social system, from employment and labor to education.

4.2.3 Status andConsiderations on GMjbrk

METHhlIso analyzed the new digikaied work that emerging technologies have brought to the digital ecc
and the digital platforms that match th¢&@] jolisen categorized gig workers who obtain work opportunit
through matching platforms in terms of the type of work and their relationships with compBigess as shc
33
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Figure330 Gig worker classificaticadvocated by METI, Japdo]

With this figure, METI notesafaworkers range from those who are tied to a&ovopiitow and are
assigned work through a platform, to more highly skilled gig workers who negotiate individually to s
They say théig work has the advantage of being able to secure personnel with the necessary skills at
time, as a labor market that can meet the diverse working needs of workers, and that it reduces th
personnel training that was previously ne€asshe other hand, they say that there are disadvantages
workers, such as an unstable income beeeriseib guarantee of stable employment opportunities, and
opportunity to improve skills through training because skills are assumed.

In other words, they point out that technological innovation has polarized the labor market, and hi
workers have more options, which may reduce skill mismatches, leading to an expansion Al skill pr
they point out that as the labor market has polagkiiedevorkers have difficulty finding jobs that match th
skills, even if they have acquired medium skills, as the numbeskilf jobgibas decreased in the labor
market overall, and naisimed employment remains. To solve this problem, they point out, it is necessary 1
a recurrent education system that allows people to continue learning throughout their lives, rather
acquiring the newly necessary knowledge anccexpeawempulsory education and higher education.

However, even if such educational opportunities are created, there will be a certain number of work
unable to acquire high skills. Enabling such workers to participate actively in society is an important p
building a humaanteredustainable society, but such discussion is yet to be seen from the Japanese gov
and related parties.
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4.2.4 Expansion ofpotWork Market andrutureChallenges

KPMGJapanfocugs on Spot worknarketn Japarand analyzing how individual work style options ar
changin@1] In this analys&pot work referstmeoff, shoferm workand is a concept that combines working
under an employment contract with an esgtipeeoff partime wodand working as an individual on
commissiosaidiGig work.

According to them, the market Spetafiork intermediary services in Japan is growing at an average al
growth rate of nearly 30% from 2021 to 2023. @ik, which involves working under contract for foc
delivery and other services, has attracted attention due teltfe&@NiDic, but recently there has been a
noticeable increase inoifi@artime work under employment contracts.

They said theasons for this market expansion include the decline in the productive population in J:
development oftechnologicaifrastructure that can provide -atgmeservickr matching jobseekarish
employersn digital platforraadthecreatiomfguidelinelythe Japanese governne2®18opromotside
jobs and patime workaswellaseffortdo fosteran environmetmatsupportemployment in a wide range of
areas. As a result, they point out that side jobstiamel wark are now possible even in cases where wo
outsidefthe main job was not previously permitted, and the numbengapgeapletheformsof works
increasing.

They point out that in the future, the labor supply and demand will tighten and the competition to ac
will intensify, creating an overwhelmirgy seli&et, and an era will come in which individuals will be abl
easily choose the company and work style they want to work for. The expansion of the spot work marl
it easier for individuals to secure multiple sources of income, alifeehadanoek tedteck their career
aspirations and work content, and acquire theyskdksctho get the job they want. At the same time, they pc
out that companies nedpramote the modularization obiwanlider to turn work into spot work recruitment
fbuild internal systems that accept diverse working styles and Gareedgrathsvelcome jobseekers and
support their success, gmdvide opportunities to acquire and improve skills througbispmderoti
increase their attractiveness as companies that hire.

In other words, Jagaimmediate challenge is for both individuals and companies to reexamine tra
working styles in Japanese society, such as thebsseibrigge system and lifetime employment system, a
to improve the sustainability of labor.

4.3 U.SActivities

The U.S. labor market is undergoing profound transformation as digitalization, automation, and ener
reshape the structure of work. The United States emphasizes adaptability and mobility as central fe
workforce system. This fléxibas historically enabled the U.S. to absorb shocks, but it also brings chall
job creation and job loss occur simultaneously, gig and contingent work are expanding, and persiste
remain in manufacturing and advanced technology sectors
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In this context, U.S. workforce policy after 2025 has shifted toward a more integrated approach th.
industrial competitiveness, digital transformation, and workforce resilience. Federal initjativate and pt
partnerships are increastlighgted toward reskilling, upskilling, and preparing the next generation of wor
industries shaped by Al, clean energy, and advanced manufacturing. At the same time, gig work is ple
visible role in manufacturing ecosystems, crdatpgdrtinities for labor market participation and risks
precarity. This section examines these dynamics by reviewing U.S. trends in job creation and loss, the
of gig work in manufacturing, and the strategies being pursued to leds@d@daptalie, and inclusive
workforce.

4.3.1 Trends in Job Creation and Job Losses

The U.S. industrial and manufacturing workforce is experiencing rapid shifts due to technological ad\
automation, and evolving economic policies. While some areas of manufacturing are seeing renewec
and job creation, others are fdeitlgning employment due to automatiaugilefficiencies, and shifting
global supply chains. According to datthdBht andhe McKinsey Global Institute, these trends will
significantly alter employment opportunities in industrial and manufacturing jobs by 2033. Total em
projected to grow from 167.8 million in 2023 to 174.6 million in 2033, marking an irceetseafthd pe
decade. However, this growth will not be evenly distributed across industries, with sectors such as
professional services, and clean energy expected to see significant expansion, while manufacturing an
will experier job declines or slower gremsvhowRigure34 Figure85 Figure86 andrigure3782]
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The BLS Employment Projections foR@B23dutline key trends in industry and occupational employn
based on anticipated economic, technological, and demographic shifts. The report highlights four
shaping employment treAdl<Clean Energy, Electric Vehicles (EVs), and Information Technology (IT).
provides projections for various sectors, including healthcare, education, leisure and hospitality, reta
transportation and warehousing. The following isra suthengefindinggromindustry and occupational
employment projections:

Key Employment Projections (Z2233)

1 Total employment is projected to grow by 4.0%, adding 6.7 million jobs from 167.8 million in 20:
million in 2033.

1 Healthcare and social assistance will add the most jobs (2.3 million new positions), accountir
onethird of all new jobs.

1 Professional, Scientific, and Technical Services will beghenesgiesictor, driven by strong demand
for IT and A¢lated services.

1 Retail Trade is the only major sector projected to lose jobs,-ceflentnge eexpansion and
automation.
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1.Al andAutomation

T Al is expected to enhance productivity but reduce employment demand in administrative, <
customer service roles.
1 Paralegals, graphic designers, and broadcast announcers will see slow growth or job losses
automation.
1 Demand for-8killed profession@&gy(software developers, cybersecurity analysts, and data scienti
will grow significantly.
2. Clean Energy and Sustainability

T The solar electric power industry is projected to grow by 275.9%, adding 35,700 jobs.

1 The wind power industry will increase employment by 115.1%, with wind turbine technicians e>
the fastest job growth (+60.1%).

T Nuclear and fossil fuel power generation will decline, losingB9%0% jaysl(24,900 jeB2.6%),
respectively.

3. EVs

1 EV production is expected to increase to 40% of all new vehicles by 2033.
1 EV battery manufacturing will grow by 37.7%, adding 62,200 jobs.
T Motor vehicle parts manufacturing will shrink by 21.5%, leading to 123,300 job losses.

41T

1 Demand for software developers (+17.9%) and information security analysts (+32.7%) will rise
adoption and cybersecurity needs.
T Cloud computing and data analytics jobs will see rapid growth.

The transition to advanced manufacturing techaotoggeat enhancing productivity while prioritizing
sustainable practidess profoundly reshaped the job landscape, creating new opportunities while also pr
significant challenges. Traditional manufacturing roles, such as machine operators and assemblers, &
toexperienceeclines or slow growth over the next decade, according to a 2023 BLS report. Meanwhile
in advanced manufacturing areas, such as robotics, Al, sustainabititg @xalgsted to grow by over
20%83] Also, industries adopting green technologies, such as renewable energy manufacturing ar
vehicle production, are arttogigey drivers of this transformation. For iregahognn Figure38 the U.S.

DOE reports that employment in wind turbine and solar panel production has grown by 12.8% anr
202(084]
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In response to these shifts, the workforce will need to adapt by acquiring new skills. Jobs requi
expertise, digital literacy, and technical {saibiegn will see the greatest growth. Industrial engineel
automation specialists, and robetbsidians will be in high demand as manufacturing becomes n
technolgy-driven whileelectricians and electrical contractors will experience job growth of 10.8% anc
respectively, due to the expansion of EV charging infrastructure.

Overall, the U.S. labor market is evolving rapidly, with high demand for healthcare workers, A
professionals, and clean energy specialists, while industries reliant on fossil fuels, traditional retail,
assemblline production face declines. The industrial and manufacturing job market is undergoing a
transformation, with hegiin, automatidniven, and clean enesdgted jobs expanding, while traditional, labor
intensive rolewe shrinkingAs Abrivenautomation, reneweaknergy manufacturing, and advanced digita
fabrication redefinemmoyment landscapes, reskilling and workforce training will be critical in ensuri
displaced workers can transition into emerging fields. The next decade will require strategic workforce
efforts to prepare for an increasingly autordaeshaologlriven industrial econ@3s§36]

In the pos2025 model, fossil fuel employment declines steadily despite energy abuddaatéapoigies
the steepest losses and oil and gas contracting more gradually, cushioned by LNG exports and pe
demand. By contrast, nuclear powayesnas a growth engine forskiihlon¢genure jobs, with SMRs and
advanced nuclear projects driving workforce expansion through 2050. This divergence underscore
strategy of managing fossil fuel decline while investing in nuclearnangy cdsapiliars of industrial
sustainability and workforce resilience.

4.3.2 Role and Trends of Gig Work in U.S. Manufacturing

As the U.S. manufacturing seotperiences fundamental transformation driven by technologic
advancements, shifting workforce dynamics, and an increasing reliance on alternative employment mc
the most significant changes shaping the industry is the rise of gig work. Qmiaasiyomttezppsed
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services, gig work has now become a key component of manufacturing operations, helping compan
labor shortages, meet skill demands, and enhance operde@fédigility

The Growing Role of Gig Work in Manufacturing

Gig work is not new to manufacturing, but its scope and significance have expanded in recent years.
companielsaverelied on temporary and contract workers-ferralfajects or seasonal labor needs. Today,
manufacturing firms are integrating gig worktessaote operations, including production, maintenance, al
supply chain management. The demand for these workers is increasing as businesses struggle to fil
roles due to labor shortages and a widening [8€lls gap

A major driver of this trend is the persistent difficulty in attracting andimetaemnpdoftdles. The U.S.
manufacturing industry faces a projected shortfall of 2.1 million workers by 2030, largely due to the r
experienced workers atack of interest among younger generations in pursuing careers in manufacturir
Boomers, who have long constituted a significant portion of the manufacturing workforce, are leaving
at a rapid rate, and younger workers often perugfivetumag jobs as outdated, monotonous, oinlacking
career growth potential. Despite efforts to modernize and pteaipteléggin manufacturing, companies
continue to face recruitment challenges

At the same time, the rise of smart manufactumidgsanyd4 @chnologies is reshaping job requirements.
Automation, robotid$,and 10T are becoming essential in modern manufacturing environments, creati
opportunities for highly skilled gig workers. Instead of relying dswmfedyeampfojlees, manufacturers are
increasingly turning to independent contractors tsth iaxdotics, digital manufacturing, and sustainabill
analysis. These workers bring specialized skills toryhefietiusn a projegproject basis, making gig work
an attractive solution for both employers and skilled professionals seeking flexible w8 arrangements

Economic and workforce trends have also contributed to the expansion of gig work. Rising wages ¢
costs for fitime employees have led manufacturers to explore alternative workforce models that provi
financial flexibility. The CQ¥YIRandemic accelerated the adoption of remote and flexible work arranget
making gig work more appealing for workers seeking autonomijeaoalamoek Digital platforms and Al
driven staffing tools have further facilitated this shift, emzdotileg t efficiently match independent worker
with shotterm job opportunii®€s

Trends in Gig Work Adoption

The share of gig workers in the U.S. manufacturing industry has steadily increased over the pa
Research shows that one in six workers in large organizations is now a gig worker, and in some mg
segments, the proportion is even hgfhaereB 2010 and 2019, the share of gig workers in traditional comp:
grew from 14.2% to 16.4%, with every indication that this upward trend will continue. By 2025, as muc
manufacturing roles could be filled by gig workers, reflectiagtalfsimftaimemployment practices within the
industriB9]

The nature of gig work in manufacturing is evolving as well. Unlike in the past, when temporary we
typically assigned Jkill, repetitive tasks, t@ayg workforce includes highly specialized professiona
Robotics technicians, data analysts, and Al engineers are among the growing ranks of independent \
contribute to manufacturing innovation. These workers often have advancedtelegreesxqatierce in
emerging technologies, allowing manufacturers to leverage skewvitqerttommitting to -temg
employment contracts
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Companies are also adopting new workforce management strategies to integrate gig workers more
Online talent marketplaces and digital staffing platforms have streamlined the hiring process
manufacturers to quickly identify, onbmhrdamage contract workexdrivan workforce planning tools are
used to predict labor demand, optimize scheduling, and ensure that gig workers are deployed effici
manufacturers are restructuring job roles to accommodate flexible Isiaffergdimgdéine employees
with ordemand talent to create a more dynamic and responsive workforce

Despite these advantages, integrating gig workers into manufacturing operations presents several
One major concern is workforce management and compliance, as many companies lack structured H¥
temporary workers. Unlikarfdlenpyees, gig workers are often not covered by traditional benefits prog
whicHeadgo potential legal and ethical concerns. Companies must also navigate complex labor laws
independent contractors, ensuring compliance with regulatzonmsintmte aperational fleX®]ty

Another challenge is knowledge retention and training. High turnover rates among gig workers can
loss of institutional knowledge, making it difficult for companies to maintain twigistEhotion
processes. Traditional employees often undergo extensive traininghisogieesdent contractors may
not have access to the same resources. Without adequate training, there is a risk of skill mismatches,
impact efficiency and product [giglity

Cultural and organizational resistance also remains an obstacle to widespread gig work adopt
manufacturing firms are hesitant to embrace a contingent workforce model, fearing disruptions to
cohesion and productivity.-tesngemployeand labor unions have expressed concerns about job security
the potential erosion of traditional employment benefits. Overcoming these challenges requires
approach that integrates gig work without undermining work{8j8%tability

Outlook The Evolving Role of Gig Work in Manufacturing

As the gig economy continues to expand, manufacturers will need to adapt their workforce strategie
competitive. The use el@mand talent pools is expected to increase, with companies developing dedic:
worker pipelines to ensure atocegmecialized skills. Workforce analyticjppanergld staffing solutions will
play a larger role in optimizing labor management, enabling companies to forecast demand and deploy
more effectively.

Regulatory changes may also reshape the gig work landscape in manufacturing. Policymakers are
new labor laws that could redefine independent contractor status, ensuring greater protections for gig v
providing clarity for employéesse changes could influence how companies structure gig work arrange
potentially leading to new models that balance flexibility with |8@tker rights

In the long term, manufacturers are likely to adopt hybrid workforce modelsrtreathtbgdyfulbrkers
in a seamless manner. Ghased collaboration tools and virtual manufacturing environments will facilite
integration, allowing inddpen contractors to contribute remotely to production planning, maintenanc
guality control. Companies that successfully navigate this transition will gain a competitive advantage
be better equipped to respond to fluctuating markstatehemerging industry tf@nds

The rise of gig work in U.S. manufacturing marks a significant shift in how companies approach
workforce management. Faced with persistent labor shortages, evolving skill requirements, and the |
DX manufacturers are increasingly turning to gig workers to fill critical roles. While challenges remain:
integration, compliance, and knowledge retesgicategic adoption of gig work offers a pathway to great

74



flexibility and efficiency. Moving forward, manufacturers that embrace innovative workforce models a
technology to optimize gig worker management \itiditgowed! to thrive in an increasingly digital and dynan
manufacturing lands¢aps38]89]

4.3.3 Upskilling, Reskilling, and Preparing the {Sexteration U.S.
Manufacturing Workforce

Despite the trends observed wogkg the U.S. is also actively investing in workforce development to pr
its manufacturing sector for the demandsisify 4.Gnd sustainabidsiven production. Through robust
publicprivatgoartnerships involving academia, industry, and government, several initiatives are shaping
of the manufacturing workforce. Key programs such as the ManufacturingNUSME§antbthe CHIPS
and Science Aeimong othepday central roles in equipping workers with the skills draedathtvation,
enhance productivity, and promote sustainability. At the forefront of this effort, the Manufacturing US
ensure that workforce development is aligned with emerging technologies, enabling the U.S. to r
industrial sahability and global competitiveness.

The Role of Manufacturing USA in Advanced Manufacturing Workforce Development

The Manufacturing USA network, consisting of 17 specialized institutes, foeedgs nranutangiring
technologies such as robaticadditive manufacturing, and advanced materials. By conduetingeindustry
research and development, these institutes define the essential skills needed to operate, maintain, a
within higtech manufacturing environments. Each instialieespen a transformative area, ensuring tha
workforce training aligns with industry needs:

1 CESMIIFocuses on smart manufacturing by training worlerabletbSystems, #trake data
analytics, and enegffjcient processes.

1 REMADIHmstitute:Emphasizes recycling, remanufacturing, and circular economy practices, prepal
workers for sustainakdlityen manufacturing roles.

1 America MakeSpecializes in additive manufacturing, equipping workers with skills in 3D printing
technologies for prototyping, production, and repair.

These institutes collaborate directly with employers to develop programs that equip workers witl
requiredoradvanced manufacturing. To etisitiee U.S. workforce remains competitidastry 4,@he
Manufacturing USA Institutes integrate technological advancements into training programs. Key are
include, batrenot limited to:

1 Al Integrating Al into advanced manufactuaqgiismployees withdklven process optimization,
predictive maintenance, and smart automation skills.

1 Digital Twins and Smart FactoriBsiining workers to utilize digital twins and smart factory technolo
for process optimization;tireal monitoring, and waste reduction.

1 Sustainability and Circular Economy Practicesrporating lifecycle assessments, recycling
technologies, and resoeftieient production methods into workforce training, aligning &ith the U.S.
industrial sustainability goals.
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1 Advanced Materials and Additive Manufactugngpping workers with materials science innovation:
enabling them to develop and use lighter, stronger, and more sustainable materials.

The Manufacturing USA Institutes leparaggships wigdderahgencieandcollaborations witlalustry
to maximizéne impact aforkforce training. Programs funded by the Department oDOBfahse (
Department of Enei@®B, andheDepartment of Commerce (DOC) ensure that nationaliphesdiean
energy, decarbonization, and industrial resilience are reflected in workforce development. A
collaborations with manufacturing companies provadiel @ablications ofsskiltough internshipsppo
programs, and hasuats training, ensuring that workers gain practical experiefieehimiigifacturing
environments.

The Role of NISMEP in Advanced Manufacturing Workforce Development

Unlike the reseatintensive Manufacturing USA InstitlBdsMERcuses on providing practical workforce
solutions for small and mesliz®@ad manufacturessi{ls). By working directly with SMMs to identify skills gag
the MEP National Network provides tailored training programs that emphasize:

1 Lean manufacturing practices
T Quality assurance and process control
1 Energy efficiency and cost optimization

These handm training programs ensure that SMM employees develop foundational skills that
production efficiency and business resilience. Additionally, the MEP supports reskilling initiatives to I
transition inteles irautomation, robotics, and data analytics, enabling smaller manufacturers to comp
technologgriven economy. While the Manufacturing USA Institutes foteshosohiggons like Al and
additive manufacturing, the MEP ensures that smalleurararedadegrate these technologies gradually.
By providing trainingD§ data management, and cybersecurity, the MEP helps ShidssagopiO
technologies without disrupting production processes. This support is critical for ensuring that all man
regardless of sizbenefit from digitalization and automation.

From this perspective, the adoption of collaborative robots in manufacturing is also eyasekng in tr
AnneB.

The Complementary Roles of Manufacturing USA & NIST MEP

The Manufacturing USA Institutes and NIST MEP play complementary roles in advancing U.S.
development.

T Manufacturing USA Institutes focus oreclgémngorkforce training for advanced technologies, such &
Al, digital twins, and additive manufacturing.

1 NIST MEP provides practicaleffestive training for small and meidreohrmanufacturers, ensuring
that they can gradually impldnaugtry 4 i@novations without major disruptions.

Together, these programs form a holistic workforce ecosystem, with Manufacturing USA driving inn
NIST MEP enabling scalable, practical implementation. This synergy ensures that the entire ma
workforce, from highh specialists tmpfloor technicians, benefits from industrial advancements.
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Serving U.S. Manufacturers Throughout the Full Product Life Cycle
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The synergy between these initiatives exemplifies the effeptibiibpssaifpartnerships in workforce
development. For instance, the CHIPS and S@&dneoeidgtsupports the establishment of new Manufacturi
USA Institutes focused on semiconductor manufacturing, which in turn collaborate with NIST MEF
targeted training and support to small and-simstiumanufacturers. This integrateddpprsures that
workforce development efforts are comprehensive, addressing treeerdsradriufacturing ecosystem.

By leveraging the strengths of academia, industry, and government, the U.S. is making significar
preparing its manufacturing workforce for future challenges. These collaborative efforts not onl
manufacturing productivity but alsotgromostrial sustainability, positioning the nation to maintain
competitive edge in the global market.

4.4 EUActivities

4.4.1 ReplacemeridemandversusEmploymentChange, 20235

For several decades a significant part of the demand for skills in Europe has represented replacer
which emerge because people lealabddimaarket to retire or for another reason or because they transi

77



between jo[&3] The growing share of replacement demand in job openings mirrors the aging popule
workforce, which is viewed as an acute challengenmesthesi@tes Towar@035, replacement demand is
expected to provide the bulk of job opening acrogsrsgatet@ Job openings are also positive in agriculture
and mining and quardisgctors where employment is expected flsuaise replacement demand more
than compensates forathigcipatedecline immploymenttinese sectors.
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Figure40d Replacement demand versus employment change
in selected sectors, 20@35, ELR793]

As replacement demand does not only reflect \@andiesnragngemployedgavinghelabomarket,
measures aimedaaldressing should also consider damtorghatcontribute to this demdrat example,
the green transition is expected to become a driver of occupiatisoaieandsesectoral transitions for
energy workers. Regional and sdet@ladnalysis of current and expected shifts of that sort will help sl
targeted policy implementation approaches, which go beyond training provision.
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4.4.2 PoliciesToward Digital Platform Workers Including Gig Workers

Platform work is a form of employment iorgdoncratiores individuals use an online platform to access
otherorganizationsr individuals to solve specific prolueras provide specific services in exchange for
paymei®2] Platform work is on the rise, with hundreds of digital platforms active in the EU and millions
earning some income by working f@4handeU polictowardligital platform workers has ewived)
COVIELY.

According to a statement from the European Parliament in 2019, obtaining work opportunities f
platforms poses a significant risk to wykesat that time, thetatedhatindividualwhooffer their services
through these platfoareoften not protected by standhoicontracts, which makes them more vulnerable
The EU wants to change this with the EU platform workers directive.

In 2019nembersf the European Parliament adopted new rules introducing minimum rights for all em
This legislation granted new tighésmost vulnerable employees on atypical contractsstaddartbjobs,
such as gig economy workers. The rules included measures to protect workers by ensuring more trar
predictable working condiiwasidingee mandatory trainargisettindgimits on working hours and the length
of the probationary period.

A 2021 European Commission analysis found more thanlabOrplafitatms active in the EU, from
international companies to small national or lopsl ftacelerated by the pandemic, the switch to digital h
made their revenue grow spectacularly, by around 500 % over the past 5 years. In the E@nthiptal platf
more than 28 million people, adixpaeted t@ach 43 million by 2025. While most platform workers are forn
selfemployed, about 5.5 million people, providing #oostiposervices, may be misclassified. The situatic
varies across the EU. More than 100 court judgments in EU countriesakavesak#daelymployment
status gdlatform workers, mostly reclassifying independent contractors agygnleticrersas employers,
therebymposingegal responsibility for their workers.

March 2024, the Employment and Social Affairs Committee of European Parliament endorsed a poli
a new bill aiming to improve the working conditions of platff@5] Woekeesv rules, agragubnby
Parliament and the Council in February, aim to ensure that platform workers have their employment sta
correctly and samldresdogus sedmployment. They also regulate, for the first time ever in the EU, the L
algorithmic managementdimdthe workplace. The directive obliges EU countries to establish a rebuttabl
presumption of employmethieatational level, aiming to correct the imbalance of power between the plz
and thendividugderforming platform work. The burden of proof lies with the platform, meaning that it is
platform tdemonstrathat there is no employment relationshipwTitudes ensure that a person performing
platform work cannot be fired or dismissed based onmatigigian algorithm or an autonaeidion
makingsystem. Also, the directive improves transparency by obliging platforms to inform workers
representativedbouthow their algorithms work and how a@\mrkavrioaffectsthe decisionsnadeby
automated systems.

4.4.3 Challenge of Human Capital in EU

In the context of the global competition for talent, and a shrinking working age population@n the EL
competitiveness relies on fotierted skills, contributing to economic social and territoffia chlnesion
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capital is also esseriagbhromotingreparedness and security icutinengeopolitical situation.

To be competitive and prepared for the future, the EU needs to support and prepare its people with t
competences needed for success in learning, work, and life, as highlighted by the Competitiveness (
the E(97]

Skills shortages and gaps, insufficient transformation speed and fragmented and inefficient gove
hampering the & dompetitiveness, as underlined by th{OB}agttEo9jand NiinisfpOOJ101feports. They
are a barrier to productivity growth and innovation deicaidramiz atianddigitalizaticefforts.

Education and training systems in Europe arddduuyithge rapid technological transformations and the
changing skills needed to take forwdedainleonizatiohthe economy and to reduce dependencies in strateg
sectors. Europe faces a growing challenge in meeting the demand for skilled talent in STEM fields, ¢
strategic sectors like clean and circular technologies, digital technologjesndasfassadeciuding in
traditionaectors increasingly relying on digital taatsgr&JUEM skills.

Oneinfive One in four Nearly four
adults 15-year-olds in five SMEs
struggle with reading falls short in reading, cannot find the
and writing maths and science talent they need

Figure41d Key Figures about the Union of SKI(]

While we produce highly qualified professionals, their quantity is insufficient to bridge the gaps. A
Figuredl, nearly four out of five SMEs in the EU struggle to find workers with the neéesghrgtskillsets
ups and scalgs severely impaégarticularly in breakthrough technologies such asoAwseorand
guantum computing. These shortages impact all sectors, including transport, food, and energy, limitir
growth and stifling innovation. The decline in basic skilkyeanoldg iclosely linked to the lack of specialist
teachers in mathatics and science, highlighting the urgent need to attract teachers asdppartieesrand
better through continuous professional development in these critical areasg@gEres atainseds
and expectations evolve, a fresh vision for education and career pathways may be necessary to ali
changing landscape of work and innovation.

4.4.4 The Union of Skills

The Union of Skills aims to ensure that everyone in Europe, no matter where they are, is empowe
solid skills foundations and engage in lifelong upskilling and reskilling, in line with the European Pill
Rightf96]

Its goal is to support European education and training systems to provide equal opportunities for
including all young people, regardless of their background and place of residence, to access educal
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learning, quality jobs and navigate transitions and crises.

The second objective is to support companies to be competitive and resilient, making it easier for en
particularly for SM&dgind people with the skills they need to create sustainable growth and quality jobs.
a call for companies to invest in upskilling and reskilling their workers of all generationshanayiiagpt to e\
challenges and opportunities. Atathe 8me, itecognizeshat compani@especially SMEs and start
ups/scalepg need the right incentives and support to make these investments feasible.

Finally, the Union of Skills will work to make skills and giaéfieatimss of where they are acquired in
Europé transparent, trusted, eswbgnizedcross the single market, allowing individuals to exercise their |
to free movement and enabling employers, notably SMEs, to recruit effectively across borders.

As shown irigured2 key strands of the Union of &Kills

1 build skills for quality jobs and lives through a strong educational foundation, with an inclusive lifelc
approach

1 upskiland reskill an agile workforce mastering the digital and clean transition, notably those with
middle skills

1 circulatskills with the free movement of people across the EU, unlocking theéssulbjeotaatiatt

1 attractdevelop and retain talent

Building Upskilling Circulating Attracting,

skills and skills developing
for quality reskilling across the EU and retaining
lives and jobs for the digital & for talent

green transition competitiveness

for Europe’s future

Figure42d The Union of Sksl96]

Described Figuret2 keycomponents of the union of sk[ll®2}e

Building skills for guality lives and jobs

Building skills, education, and training is essential for creating good jobs and improving lives. The ul
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aims to

1 pilot a basic skills support scheme, so that every young person has stratigse@adosy,and digital
skills

1 improve skills in science, technology, engineeriidgaradic§STEM), promote STEM careers, attract
more women, and prepare people for digital aedlckeansitions, with the STEM education strategi
plan

1 introduce a new EU vocational education and training (VET) strategy to make vocational edu:
training more attractive, innovative, and inclusive

Regqular upskilling and reskilling

Learning new skills should be a regular part éfgredgdsional lives to keep up with evolving economit
and ensure lifelong learning.

The Commission will

1 propose to expand the use of-onéxentials as flexible learning solutions

1 reinforce the Pact for Skills to help more workers gain new skills in strategic sectors

1 pilot a skills guarantee to offer workers at risk of unemployment the opportunity to gain new skills

The EU will support theottlbf EU skills academies to provide businesses with the skills needed for the
transition and the Clean Industrial Deal.

Helping the free movement of workers

Circulating skills across the EU will unlock the full potential of the single market. The union of skills f

1 a skills portability initiative, to enhance the portability of skills and qualifications across the EU, inc
of where they were acquired

1 workingowardh European degree to facilitate the development of innovative joint stackpgsogram
the EU

1 anew European VET diploma
i strengthening European universities alliancesanof eeaational excellence
9 European school alliances to enhance teacher and student mobility

Attracting, developing, and retaining talent

Europe must attract, develop, and keep top talent crucial for innovation, growth, and competitivenes

The Commission will

1 set up an EU talent pool for the recruitment of jobseekers from outside the EU at all skills levels
for jobs facing skill shortages

1 present a visa strategy to make it easier for top students, skilled workers, and researchers to corr

1 launch &hoose Eurofpen i t i at i v e u RCdree Actidvigito attect S rgtairdtadents k a
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The Union of Skills proposes a new approach, combiningrathingéiod, employment policies, united
around a common visifmompetitiveneg$e challenge ahead is enormous and can only be tackled if all a
assume collective responsibility and step up irptgateiement approach addressing both the supply ar
demand side of skills (including skills development, recognitievithtiveolikikg conditions, demography,
company practicestludingembestates, social partners, the business community, uranersitlesols.

4.5 CrossregionalSimilarities andDifferences

In this chapter, we have looked at human resource strategy efforts in Japan, the United States, and

All three regions recognize that the era of high productivity ehadied thensographic bonus characteristic
of developed countries has already passed, and that a common challenge is to ensure a balance be
supply and demand in line Wéhges in social conditions. In other words, although the three regions
differences in regulations, rules, and cultural backgrounds, they have many commonalities in the mat
societies, and from the perspective of human resource® #hegnshreon understanding that technologica
advances, including digitalization, will transform the future labor force.

In particular, from the perspecti®ljomanual labor such as inputting data into machines and checl
information output from machines will continue to decrease in the future, so retraining human re:
digitalizatiarlated occupations, for which demand is expected to incfaage jiisthecommon challenge.
Furthermore, gig work, which is increasingly being used on digital platforms, is recognized in all thres
useful in terms of increasing labor force dynamics as social conditions change.

Thus, although awareness of the problem and theiddastijiirademiaggovernmembllaboration are
common to all regions, priorities and approaches to specific measures differ fromo@usaretoitpgiion,
respective economic situations.

In Japan, prior to the expansion of reskilling and gig work, emphasis has been placed on increasing
of human resources by reviewing traditional employmestishsistifetime employment and séaiseitly
wagesthat accompanied economic growth up until thie 198Q#nited States, human resource mobility i
relatively higitrossa wide range of occupations, including profésisisRablicprivatecollaboration and
federal government effortboaresse@nworkforce transfotioa policies through digitalizatectarebased
on human resource moHiitizurope, efforts are being made to build mechanisms that promote relati
building througidustriyacademiayovernmembllaboration and access to necessary ressuppsrt the
DXof small and medisized enterprises.

As mentioned above, each region has a common awareness of the issues and is eager to work towe
sustainability throuigtiustiyacademiagovernmeimbllaboration, megardingpecific measures, each region
has its own priorities and approacmsgjerintpe regional economic situation, etc. We aim to achieve indus
sustainability on a global scale by mutually understanding these similarities and differences and
international cooperation. In the next chapter and beydetyevdespler into topics related to energy security
decarbonization, and waste, and explore the possibility of international collaboration.
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5 EnergyDecarbonizatioh\astelssue

5.1 Foreword

In the wake of the COY8pandemic, the global landscape has shifted dramatically, underscoring the
importance of energy security and sustainable practices. The invasion of Ukraine by Russia in 2
highlighted these challenges, prgmptions to reevaluate their energy strategies and consider the ro
nuclear power in achieving decarbonization goals.

U.S.cent/kWh B Tax
25y M Base price
22.9
0.6 20.4
20¢

17.8

15;

10¢

Japan‘ U.S. | U.K ‘France Germany

Figure43d Electricity Charges (Industrial) 2028ergy White Paper 2024
Agency for Natural Resources and Energy, METI,[18B&N

Looking at the comparison of industrial electricity rates by FEiguneéd3ithe United States is
overwhelmingly cheaper, while Japan and Germany are in a sifd] &itaatithre perspective of industrial
sustainability, energy costs are directly linked to the promotion of manufacturing in the region, and vario
are being taken in each country.

Also, rom the perspective of the relationship between industrial sustainability and planetary boun
example, semiconductor manufacturing and steel manufacturing are industries that consume large
energy. However, these industries are dagidouhat supports human society, and decarbonization and en
conservation in these industries have the potential to balance the relationship between industrial suste
planetary boundaries to a high degree.
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From this perspective, what efforts are being made in Japan, the United States, and Europe in tf
energy, manufacturing, and sustainable human society, and what challenges do they face? The follow
will delve deeper into this poirebguhare opportunities for international collaboration.

5.2 JapanrActivities

5.2.1 Green Growth Strategy

In October 2020, the Japanese government declaredansaiidéeutrality by 20BD4] In addition, in
April 2021, a new policy was announced to seH&reeluction target for FY ] aiming to reduGéiG
emissions by 46% from FY2013 levels while continuing strenuous efforts in its challenge to meet the
cutting its emisssdny 50%.

Based on these policies, various future scenarios are being considered to formulate a strategy for a
CarborNeutrality by 20306] For exampléhe following refereimcicatorsave been presented:

Approximately™®D% of power generation in 2050 will be covered by renewable energy sources
solar power, wind power, hydropower, geothermal power, and biomass

Approximately 10% will be covered by hydrogen and fuel ammonia power generation

Approximatelyi3@% will be covered by nuclear power and thermal power generataptuvith CO

2019 2030 2050
1.03 bil ton  values are the amounts of CO- derived  (46% reduction compared to 2013, Emission reduction + Removals
from energy total GHG emission) = net zero (A 100%)
Continuing strenuous efforts in its
::1‘;“5"_"":” challe:gg-e to 50% reduction.
mil ton
> Electrifi
-‘E »  Electrification by cation
— Indust izedpower | | j=====
= 280 m“::n » Intensively promote eneray gecarbom:_ed plohwedr i 1
S efficiency by regulation and Consumer ~ ursue options: nycrogen, Hydrogen|
° support ammonia, CCUS/Carbon i I
i EEEEE
2 » Realizing a hydrogen society Recycling I synthesis |
o Industry »  Use carbon removal I el
Z technologies for leftover. Lmem'\muon_l
Transport ;-_----}
200 mil ton T | Biomass
ransport | — ]
1
I I I
e Mainstreaming renewable . . . I
- energy - Maximum introduction of I
-E »  Re-establishment of the [f::vovf r?ll.li:leer:'rggwer I
=) Electricity nuclear energy policy g source P
© Momilton |~ Reduce the ratio of thermal S |
& power generation based on g Pursue _optlons. hydrogen,
w the premise of stable supply Electricity ammonia, CCUS/Carbon 1
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removal I DACCs, '4-
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Figure44d GHGreduction target in 2030 and 2050 in JHiHG]
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Toachieve these reference indicators, each power source is defining issues such as natural condit
constraints, and technical challenges, and considering measures toTeadtresksehe issue of electricity
demand being expected to increase by around 30 to 40% in the future due to the progress of electrific:
considering all options for decarbonization, such as nuclear power, hydrogen and ammonia, i©&gUS/carl
and maximizing the use of renewable energy, withiogt samnowhe policy optiBigsirel4organizes these
options to achieve the goal, consideringtdrenngioal in 2030.

As for the progress of this policy, it has been reported that steady progress has been made t
intermediate target of redugiGemissions by 22.9% compared to fiscal 2013 levels by fiscal 2022. Thi
been praised for being consistent witts &meagy policy, which aims to achieve and maintain the 3E+S (er
supply, economic efficiency, and environment based on safety).

Furthermore, this policy aims to create a cycle of economic growth and environmental conservation t
the business community. As shéugunet5 14 industrial sectors expected to grow are identified, and poli
for growth that combine the efforts of industry, academia, and government are being considered.

These industrial fields are expected to grow

from their current status through 2030 and 2050.
Energy-related é/ Transportation/Manufacturing- & Household/office work-
industries related industries related industries
(1) Offshore wind (6) Semiconductor (12) Housing/building
Isolar/geothermal industry (5) Automobile and linformation and industry/next-generation
(Next-generation battery industries communication power management
renewable energy) industries industry

(8) Logistics, people flow,
(7) Shipping industry and civil engineering
infrastructure industries

(2) Hydrogen/fuel
ammonia industry

(13) Resource circulation-
related industries

(3) Next-generation

thermal energy industry (9) Food, agriculture,

forestry and fishery

(14) Life style-related

(10) Aircraft industry industries

(11) Carbon recycling

(4) Nuclear industry material industry

r r

Figure454 Industrial fields expected to grow by Green Growth Strategy irff1agjan

5.2.2 Green Innovation Funds

To achieve carbon neutrality by 2050, METI establishedyar?ftnitioas partMEDCandprovides
continuous support for R&D projects, demonstrations, and social implementation projects for up to
companies that commit to ambitiou8@o@&l#lion yen has been added to the second supplementary budg
FY2022, and 456.4 billion yen will be added to the initial budget for FY2023 (EOGJ108Yy 2023))
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Thesupport targets gmofiled withefollowing:
Should be the average size of a conventional R&D project (20 billion yen) or more
Projects for which stemn government support programs are sufficient are.not eligible

The main implementers should be companies or athetipgofitsinesses capable of carrying out the
entire process of public implementation (participation of SMEs and venture companies is en
participation of universities and researclomssistaliso anticipated

The project must include innovative and fundamental R&D elements that are worthy of being con
by the government

Tosteadily translate the results of research and development into social implementation, METI requir
managers mmmito persistently addressing this issue agaarfontanagememiorityFor example, METI
requires company managers to submierohgsiness strategy vision when applying, to attend and exy
in fielespecific working groups, and to submit a management sheet showing the status of their efforts. F
as mechasms for seeking this commitment, METI has introduced measures such as the suspension
andthepartial refund of commission fees if the status of efforts isalesuffitiehe introduction of a system
(incentive measures) that allows the government to bear more of the burden depending on the
achievement of goals.

The projesmust include innovative and fundamental R&D elements that are worthy of being commis
the governme@urrently a number of projects are launched, including:

Cost Reductions for Offshore Wind Power Generation

Development of N&eneration Solar Cells

Achieving Carbon Neutrality in Waste and Resource Circulation

Largescale Hydrogen Supply Chain Establishment

Hydrogen Production through Water Electrolysis Using Power from Renewables
Hydrogen Utilization in Iron and Steelmaking Processes

Fuel Ammonia Supply Chain Establishment

Development of Technology for Producing Raw Materials for Plastiesd JSihgiC&durces
Development of Technology for Producing FueldJsing CO

Development of Technology for Producing Concrete and Cement Using CO
Development of Technology toB€aration, Capture, etc.

Nexigeneration Storage Battery and Motor Development

Development ofehicle Computing and Simulation Technology for Energy Saving in Electric Vehicl
Smart Mobility Society Construction

Nexigeneration Digital Infrastructure Construction

Nexigeneration Aircraft Development
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Nexigeneration Ship Development
Development of Negative Emissions Technologies in Agriculture, Forestry, and Fisheries Industrie
Promotion of Carbon Recycling Usifigp@®@ionanufacturii@chnology as a Direct Raw Material

Decarbonization of Thermal Processes in Manufacturing

5.2.3 Circular Economy and Microplastic Issues

In addition to working on the cycle of economic growth and environmental conservation from the pe
supplying resources such as energy to the elapamglso working to establish a circular segasting
waste generated by economic activity.

Based on the results of the second progress review of the 4th Fundamental Plan for Establishin
MateriaCycle Society (approved by the Cabinet in June 2018), the Ministry of the Environment formi
announced the Circular Economy Roaddegpeimber 2022 shown iRigure46 which set the direction
towara circular economy for the first time in Japan after the declazatiorGHl Getmissions by [A0R)

~— Circular Economy Roadmap N

Direction toward 2050

Achieving circular economy and net-zero GHG emissions by 2050

Assess and review 2030 2050
current status

the 4th Fundamental Plan
for Establishing a Sound
Material-Cycle Society

Circular economy-related businesses:
80 trillion yen or more

Milestone of Resource Circulation Strategy for Plastics:
m Double the amount of plastics recovery
T

Food loss and waste: 4 million tonnes or less

"" ( Recycled metals: Double the processing volume
1 /1 1/
eg.

Plastics, Metals, Solar panels, Fashion items

\I

Direction of measures toward 2030

Direction of measures was indicated for materials (such as plastics, metals), products (such as solar panels,
fashion items), circular economy-related businesses, waste disposal systems, regional circular economy
systems, proper waste management, promotion of international resource circulation, collaboration ameng
different players of circular economy, and capacity development.

DA DA

Figure460 Overview of the Circular Economy Road ]

88



The Circular Economy Roadmap sheds light on the direction of the circular economy that should be |
a view toward 2050, as well as the directions for measures to be taken toward 2030 in the materials, p
other fields. Based on thesptiblic and private sectors will work together to promote decarbonization ba
resource circulation througholifietiogcle

An analysis of JagaBHGInventory estimated that approximately 36% of the total emissions corresp
sectors where resource circulation can contribute. The 3Rs + Renewable and other efforts for the trar
circular economy need to be promoted, especially extté admeving aeto GHG emissions by 2050.

3Rs + Renewable is a policy approach to ensure the widespread practice of the 3Rs and encourage
by renewable resources. It is based on the fundamental principles stipulated in the Basic Act on Es
Sound Materalcle Society (Act NbO of 2000). It not only calls for GHG emission reduction by minin
incineration and landfilling of caoimdaining substances, buf@ismiucing energy consumption in production
processes, increasing use of biomass as feedstock andiatissvitelter, and a shift to renewable energy
in the processing/treatment steps. 3Rs + Renewable is a foundational approach that will contribute bi
realization of a decarbonized society.

TheHome Appliance Recycling Law (Specific Home Appliance Reisyahingxhawple of a system that
was enacted into law200land implemented in society more than 10 years before the Circular Ecc
Roadmap was defidd@] Thisaims to reduce the amount of waste by recycling useful parts and resource
specific home appliances discarded by ordinary households and offices. Air conditioners, t¢
refrigerators/freezers, washing machines/clothes dryers, etct@tbesldjecnd manufacturers, retailers,
and waste generators are obligated to handle them.

In this fieJdolastic waste has become a global issue. The amount of plastic produced has been ir
worldwide, with over 8.3 billion tons of plastic produced since 1950. In addition, as production has in
amount of waste has also increased, asaddttigat 6.3 billion tons have been discarded as garbage. At
current pace, it is predicted that 25 billion tons of plastic waste will be generated by 2050, and more tr
tons of plastic will be landfilled and dumped iim2&2te Japan produced approximately 10.45 million tons
plastic. Domestic consumption was 9 million tons, while the total amount of plastic waste generated wa:
tons. Of this waste, approximately 25% was recycled and reused asdregipr@atsndtely 63% was
recovered as energy.

Alsg marine plastic waste discharged into the ocean has become a global issue. The amount of ma
waste is extremely huge, and it has been reported that approximately 8 million tonaretijgesticgweste
into the ocean every year worldwide. In recent years, fine plastics snrallevtgandrallpeencalled
microplastics, and there are concerns about the impact of this on the marine ecosystem. Microg
generated when plastic waste becomes smaller due to the effects of waves and ultraviolet rays, or
particles that have been usadrabbing agents in facial cleansers and toothpastes, or from washing syi
fiber clothinBegarding the issue of marine plastic litter, at the G20 Osaka Summit in 2019, the G20 lead
thefDsaka Blue Ocean Visighich aims to reduce &t pollution to zero by 205D

In response to this issue, Japan has implemented the following laws and initiatives:
Basic Law for Promoting the Creation of a Recygdisgd Society (2001)

This law promotes the reduction of natural resource consumption and environmental impact. Cert
categories, such as home appliances, automobiles, and packaging materials, are required to be recycl
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relevant laws.
Act on Promotion of Plastic Resource Circulation (2022)

Unlike previous laws that focus on specific product categories, this law targets the entire life cycle of
places emphasis on material recycling and the use of renewah® plesticain measures are as follows:

Promotion of 3R + Renewable Plastics: Promoting waste reduction, reuse, recycling, and tt
biodegradable alternatives.

Charges for plastic bags: Retailers are required to charge for plastic bags to curb disposable cor
Milestone targets: For example, reduce disposable plastics by 25% by 2030.

Regarding primary microplastics, the use of microbeads is not explicitly prohibited in Japan. Howe
voluntary efforts by manufacturers, the use of microbeads has been reduced. Furthermore, in 2019,
Litter Processing Promotion Actewiged to address microplastic pollution. The revised law stipulates
companies should strive to reduce the use of microbeads and minimize their discharge into tl
environmeifl 3]

Japan faces significant challenges in achieving comprehensive plastic life cycle management. Althot
rates are high, much of this is energy recovery rather than material reuse, highlighting the need for i
recycling technolfigyt] In addition, addressing microplastic pollution requires:

Aturthedevelopment and widespread use of biodegradable plastics
Araisingoublic awareness and participation in reducing plastic consumption.

In response to these societal challenges, the field of mechanical engineering has an important rol
addressing the microplastic problem. Innovations in materials science, waste treatment technology,
design can lead to reduced plastste and improved recyclability. Interdisciplinary collaboration
environmental science and policymaking is essential to developing sustajhaf]e solutions

5.2.4 Economic Security afégionalEconomicRevitalization

A large portion of enésggnsumed in indusgspecially by production facilities for the manufacturing indu
Locations of production facilities are preferred to regions and countries with low energy costs. On the c
the perspective of economic security, production facilitiggaafusbrgeoups are maintained or expanded
domestically. For instance, according to the Cabinet Office, large semiconductor foundries have be
launched in the sartiand norernregions in Japafa6] Around these facilities, additional jobs are created f
operators and process engineers for the foamavedsas equipment manufacturers and parts and matel
suppliers to strengthen the supply chain. Furthermore, additional investment has been made by ott
sectors such as education and housing. However, in general, automation araf thgitapeatitons in
production facilities decrease the number of workers needed.

Due taherapid introduction of generative Al techntiegyairket, the number of data centers has been
dramatically increasing in Japan. Increase in the number of data centers is a reason fousaigasive ene
recent years. Even in the manufacturing industry, digitalization of product development operations an
usage data of productshmmarket require computational resources and data storage. Data center
concentrated in the agassuch as Tokyo and Osaka, where thesupply is mabustand the risks of

90



natural disaster are relatively low. Recently, the advancement of cloud computing has accelerated
concentration of new investment ced&amnthese areas. However, to prevent disparity between these ar
and other regions, the development of core bases in the north and shidpaediasdeen promoted as

a supplement for or alternative to those in these areas. Furthermore, according to METI, the decentral
of data centers in regional areas as a foundation tisategippairecosystems has been in progress.

That is, the type and location of production facilities and the location of data centers have a significa
the characteristics of energy usétld@dmissions in Japan. Furthermore, location also affects the geogre
distribution of workers with diverse skills. At this time, the basis for these decisions regarding the type
of renewable energy power plants, production facilitiescemtdrdataries depending on the background o
national and regional industrial policies, demographic trends, educational levels, technology (includi
and development directions),Fajare47 summarizes the relationship betweeinlagienent decision
variables to reach national goals and their reasoning.

Large-investment decision variables Goals
Energy Products and services
Type and
Loa s T d .
distribution of dist?"ipbz:;:n of Carbon neutrality
non-renewable .
production .
energy sources facilities and data Well-being of
and renewable centers people
energy plans
Industrial
olicies emographics
P "~ Backgrounds

for reasoning

Level of o
education Technology

Figure47d Reasoning of largevestment decision variables to reach national §dbl$

5.2.5 Digital Infrastructure

With the digitalization of society and the expansion of business applications of Al, energy demand i
dramatically and the impact of related businesses on local economies is becoming more pronounced
mind, the Japanese governmiemplsmenting several measures.

For example, manufacturing bases for the semiceladedtmdustry are located in a wide range of regior
in Japan and account for a certain proportion of the local economy. In particular, device manufac
manufacture semiconductors aregntaigescale investments in JASM (Kumamoto Prefecture) for advan
semiconductors and Rapidus (Hokkaido)}deneetion semiconductors, as shbwgurnetd118] These
regions are seeing rising wages and have begun regional efforts to developrsEt@dohdowar
resources, and are expected to become the center of the regional economy in the future.
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Figure484d Major semiconducteelated manufacturing bases in Jajid8]

In order for such lasgale investments to be made in rural areas, it is important not only to accumulate
technologies, but also to develop infrastructure such as electricity and communications in the region.

From this perspective, if we look at the location of data centers in Japan, we can see that new inv
data centers are accelerating in the Tokyo and Osaka areas.

In response to this, the Japanese government is promoting policies to promote the decentralizatic
infrastructure such as data centers, based on requirements such as (1) strengthening resilience in 1
natural disasters, (2) efficiemtafi renewable energy in rural areas, and (3) streamlining of communi
networks that enafibeal production for local consudugftdata generated in rural &k

Specifically, from the perspective of strengthening reliable connectivity with cowtaesicnréggoAsia
and Europe and the United States, the government is considering strategically developing data ce
backbone that supports Jamghgital society. For the time being, the government is promoting the develc
of third and fourth core bases in areas such as Hokkaido and Kyushu to complement and replace th
Osaka areas, and is promoting theonmeltdf internationadenea cables linked to these.

In particular, with regard to the relationship between information processing and electricity and con
infrastructure, the government has shown its recognition that, since communication costs are much c
the transportation costs ofreliégtit is more important to process data in a data center located near the el
infrastructure and then transmit the processing results to the demand area via a communication net
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than locating a data center near the demand area for the data proceSamgntgtiutggovernment has
indicated that it is even more important to promote the decentralization of data centers from the perspe
production and consumption of electricity, includirgeadumees.

| k| All-optical networks
International ‘ DC core bases
submarine cables

Optical fibers and

— domesﬁc submarine cables O DC bases

mmmm——— Cables inthe S fJ 2 % 2

T Areas with a high ratio
S%bbmatrinetcafb:?ﬁ of decarbonized
contributing to further

EmEml enhancement of power sources

the hub function

(-01@ ‘@doin3 ‘eolBWY YHON Yim AJIAD8UU0D)

(Connectivity with the Asia-Pacific reqgion, etc.)

Figure490 Conceptual diagram of Ja@aligital infrastructure in the 2GRD19]

5.3 U.SActivities

5.3.1 Overview

The U.S. approach to industrial sustainability has evolved through several distinct phases, refle
domestic priorities and global pressures. For much of the early 21st century, the strategy was framed ar
mandates and emissions reduatigets, supported by major pieces of legislation such as the Energy Pol
(2005), the America COMPETES Act (2007, 2010), the Bipartisan Infrastructure Law (2021), the
Science Act (2022), and the Inflation Reduction Act (2022patiVeedaithiihe groundwork for renewable
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energy deployment, clean energy incentives, industrial reshorisgabmishl@sienent in infrastructure. They
also established the first systematic attempts to align U.S. industrial competitiveness with environment:

Yet, by the ma20s, it became clear that this regiilstj@imateentric model was not sufficient to address
the full scope of industrial sustainability challenges. The U.S. industrial sector remainet:ihgigy enerc
accounting for ngaal third of national energy use, while reliance on fossil fuels persisted despite gt
renewables and nuclear. At the same time, structural changes in the gbhatkmbngrthe rise of data
centers and Al computing, industrial resh@migariductors and batteries, and the electrification of transy
and buildings began to reshape demand in ways that existing frameworks had not fully anticipated.

Compounding these shifts, external shocks such as th@ @@ddmic, global supply chain disruptions,
and the energy crisis triggered by geopolitical tensions highlighted vulnerabilities in both U.S. energy
industrial resilience. Policgmsaknd industry leaders recognized that sustainability could no longer be c
solely in terms of carbon accounting. Instead, it required an integrated framework that balanced en
responsibility with energy abundance, competitivenessatom capacity.

Against this backdrop, the U.S. has broadened its approach to industrial sustainability. While cli
remain central, they are now pursued within a pragmatépralaties model that situates decarbonization
alongside energy security angtnml strength. This reframing sets the stage for the sections that follo
examination of the current state of U.S. energy demand (5.3.2), the drivers of consumptider(®.3.3), tt
outlook to 2035 and 2050 (5.3.4), and the strategiecanleoofzéition and circular economy modéls (5.3.5
5.3.7).

5.3.2 The Current State of U.S. Energy Demandb222%)

The trajectory of U.S. energy demandusdmstood hr ough t he framewor k o
three interlocking pillars of industrial sustaiBaéiliy Security, Economic Vitality, and Innovation Pathwe
Each pillar provides a framework for interpreting not just the balance of energy supply and demand, |
shoriterm dynamics position the U.S. foedongesilience.

From the standpoint of energy security, the U.S. remains a net energy exporter, with production
consumption by nearly 9 quadrillion Btu in 2023, underscoring the abundance that anchors nationa
Fossil fuedspetroleum and natural ggsarticul@rcontinue to dominate the mix, yet renewables and nucle
are expanding, reflecting the fienergy additio

On the dimension of economic vitality, energy demand growth is now closely tied to structural driv:
digital infrastructure, industrial reshoring, and electrification. Electricity consumption, which had been f
a decade, acceleratgd-8% in 2024, with lifternational Energy Agency &itth).S. Energy Information
Administration (Elxpjecting continued growth through 2026, concentrated in the commercial and ir
sectors. These trends highlight how energy abundance underpins competitiveness, job creation, and
strategic industries from offshoring pressures.

Finally, innovation pathways frame hotershatémand shifts intersect with technological transformati
The rapid scaling of data centers, LNG exports, and the adoption of electrification in transport and |
signal how innovation is respaf@mand profiles. Rather than being managed through prescriptive man
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the U.S. strategy emphasizes techneldggl solutiods from Adriven grid optimization to small modular
reactor® that allow market signals to drive the next wave of efficiency and decarbonization.

Against this backdrop, the following subsections provide a snapshot of U.S. energy demand in the
(20242026), highlighting the balance of primary energy, electricity, natural gas, and liquid fuels, and sitt
trends within the broadenéwork of the three pillars.

Primary Energy:

U.S. total primary energy consumption stood at about 94 quadrillion Btu in 2024, still below the his
reached in 20Q20] In 2023, production outpaced consumption for the fourth consecutive year, reachin
guadrillion Btu of output against 93.59 consumed, a record surplus that cemented U.S. net exporter ste
continues to be dominated by petroleum (~388t)rahdas (~36%), with nuclear (~9%) and coal (~7%) <
contributing alongside a growing renewable share (~9%). This balance reflects both the strength of foss
and the steady, but incrementyaladdexpamsi ootof

Electricity Demand:

After nearly a decade of flat demand, U.S. electricity consumption accelerated in 2024, rising by
yearonyear, driven by data centers, industrial reshoring, and electrification of transport and buildings. T
trajectory is expectedawtioue, with theernational Energy Agelid grojecting growth of ~2.3% in 2025
and ~2.2% in 2026, wdie. Energy Information AdministElfjoshprterm outlook attributes much of this
expansion to the commercial (+3.0% in 2025, +4 &Pamd 20fustrial (+2.0%, +3.5%) sectors. These gair
underscore how new digital infrastructure atetleleamufacturing are reshaping U.S. load growth dynami
reversing years of stagnation and creating regional hotspots of demand growdndetge Wedas
Atlanti¢l21]

Natural Gas Demand:

According to EI A6s August 2025 out | dd/dkin2025, S.
before easing slightly in 2026 as efficiency improvements offset some industrial and power sector gains
share of demand growth is tied to LNG exports, which are projected to expand nearly 10% annually tF
reinforcinthe role of natural gas as both a domestic baseload fuel and a geopolitical export lever. Wh
gas continues to underpin electricity generatiod @rétindo f suppl y), i ts rol e
energy abundance strategy and global competitiveness.

Liquid Fuels Demand:

Neatterm liquid fuels demand is under pressure from efficiency gains, electrification, and macrc
headwinds. Gasoline consumption in May 2025 fell to its lowest seasonal level since 2020, highl
combined effects of improved vehickn@fficising EV adoption, and consumer behavior shifts. Petrol
remains the single largest energy source, but its growth trajectory is flattening, with jet fuel and pe
feedstocks showing relative resilience compared to road fuels. sThigmuay@esebalancing of the liquid
fuels market, with structural declines in gasoline demand partially offset by other sectors.
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5.3.3 Factors Driving the Demand Curve

Data Centers & Al Computing:

Electricity demand from data centers has become one of the most transformative forces in the U.S. pi
According tDOEtheLawrence Berkeley National Labqf@#yBN). 2024 assessment, data center load
has tripled over the past decade and could double or even triple again by 2028, driven by explosive gre
services, artificial intelligence, anpenfghmance computing. The EPRI/DOE joint analysisgirojé&cts t
data centers could consume up to 9% of total U.S. electricity by 2030, compared to ~4% in 2023. Glot
expects data center electricity use to more than double by 2030, underscoring the international dime
trend. U.S.foretas al so hi ghl i gAnhual €£nergyQutiookr?@@fectsahataomgnercial E
computingbés share of commercial sect] [@2128[124 ct r

Industrial Reshoring & Semiconductor Manufacturing:

A second major driver is the wave of industrial reshoring and new manufacturing investment, much o
by federal incentives and supply chain security priorities. The buildout of semiconductor fabs, battery
clearech manufacturingilfies is creating large, steady baseload demands unlike the cyclical loads c
industries. Sector studies identify these threé deigmrdatteries, and clean energy eqdipséime
biggest contributors to manufacturing electricity grinethexstedecade. Industry trackers show a pipeline
projects, with dozens of semiconductor fabs and gigafactories under construction or in planning stac
sheer load growth, these facilities also demqudlitygheliable power and arerdostesl in specific regions,
further amplifying local grid stress and the need for accelerated infrastryd2@fl Rpprades

Data Center Infrastructure in the United States, 2025

Tramsmission Lines Fiber Opti Lines Data Centers

— APPICHMILE

PINREL

Figure500 Data Center Infrastructure in the United Sih2&$
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Transport & Buildings Electrification:

Electrification in transport and buildings is anetaen Igngwth vector. Heat pumps have outsold ga
furnaces every year since 2021, and the gap widened fuitB@24 Z8B&3signals a structural shift in heating
loads toward electricity, thefigiency gains partially offset the rise. Building electrification trends are reir
iNEl A6s Annual [Rd)ehiclyigcoriiated sbramder palidyZdpport, technology cost reduct
and consumer adoption momentum. In transport, the steady increase in EV adoption is reshaping den
EVs reduce gasoline consumption, but they also shift significantoet@rtne ys®ver grid, increasing
residential and commercial charging demand. Studies note that while gasoline demand has softene
load growth linked to EV penetration is set to accelerate in the late 2020s, especially in sta#savith agg
emission vehicle mandates. Collectively, transport and building electrification embody the structural re
energy demand from fossil fuels to the grid, reshaping both utility plasemgfaetiurdrajectories.

Weather & Climate Volatility

Weather and climegéated volatility is an increasingly important factor shaping U.S. energy demand
summers are driving record levels of cooling load, particularly during prolonged heat waves that strain r
and push peak demand htgherhistorical norms. Similarly, severe winter storms and cold snaps amplify |
requirements, leading to sharp spikes in natural gas and electricity consumption. These conditions not ¢
average demand but also elevate the scale anclyfigquezk load events, which require additional generat
and transmission capacity to maintain system stability. Beyond direatrigerpdeshaned, the frequency of
severe ever@wrricanes, floods, wildfires, and polar doréed¢ss resiliemdriven energy needs, as
households, businesses, and industries invest in backup gesémtstoraga, and demeegponse
systems. These resilience measures themselves add to overall energy demand profiles.

The North American Electric Reliability Corporation (NERC), in it3e20P&Rela@iglity Assessment
(LTRA)warned that accelerating load growth, coupled with the retirement of firm generation resol
transmission constraints, is amplifying reliability risk across mulig8¢ Tegianespecially acute in areas
experiencing simultaneous pressures from data center buildouts, electrification, and extreme weather

5.3.4 The Long View (2GZ950)

In the U.S., the total primary energy demand is projected to decline modestly through the 2030s, not
until the early 2040s, and anticipated to remain below 2024 levels by 2050 (U.S. EIA). In contrast, elect
will grow steadilyydn by data centers, industrial reshoring, and electrification of transport and buildings
growth is regionally concentrated and uncertain in timing. Natural gas remains critical in the near ter
and industry, but renewables are expapdthg with wind and solar surpassing coal in 2024 and continuir
gain share. Over time, electrification will move liquid fuels demand downward, while nuclear anc
technologies (hydrogen, storage) will reinforcedatimloaupply mix. Tésult is a losgrm outlook where
overall energy use istéideclining, however electricity will continue to play an increasingly central role
industrial sustainability and competitiveness. Below is a table contrasting(2GA@2826 and lonterm
(20352050) U.S. energy demand outlook.
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NearTerm(2@®45226)

LongTerm(20352050)

Primary energy~94 quads in 2024; produc
(~103 quads) exceeds consumption; U.S. r¢
a net exporter (EIA, 2023).

Primary energy:Annual Energy Outlod@25
projects total demand declining in thé XB20s
most scenarios 2050 levels remain below 202

Electricity demand:Reaccelerated growt
(~+3% in 2024), led by data centers, electrif
and reshoring. IEA forecasts +2.3% (202}
+2.2% (2026).

Electricity demandStructural growth continu
driven by Al/data centers, d¢@@mmanufacturing
EVs, and heat pumps. Regional concentratid
MidAtlantic) creates planning challenges.

Natural gas€onsumption reaches ®&f4 in
2025, a record, then eases slightly in 202€
exports are a major driver (EIA, Reuters).

Natural gas Remains pivotal for balang
renewables and meeting industrial deman
relative share declines as renewables and 1
expand.

Liquids Gasoline demand weakens (May
lowest seasonal level since 2020), refl
efficiency gains and EV adoption (Reuters)

Liquids:Structural decline in gasoline demand
electrification; petrochemicals and jet fuel
resilient.

Renewables & nucle&olar capacity additio
strong (66% of new capacity in 2024); wir
solar reach 17% of generation, surpassing (
first time (Ember, Wikipedia).

Renewables & nucleawind/solar share gro
steadily; U.S. plans to triple nuclear capacity [
(DOB. Emerging hydrogen and storage techng
reinforce grid reliability.

Climate & reliabilityfNERC (2024 LTRA) wa
of reliability risks from rising load, gen
retirements, and transmission bottlenecks
hotter summers and extreme weather.

Climate & reliability Sustained investments
transmission, grid flexibility, and resilience nes
cope with load growth, extreme weather
geopolitical risks.

Fossil fuels:Still provide ~84% of U.S. prin|
energy in 2023, dominated by petroleum
and natural gas (36%), with coal (~7%)
2023). The administration emphasizes exp
production a |l o nEpesgy
addition, not subtr

Fossil fuels Continue to underpin energy seq
and export strength (e.g., LNG capacity apprd
to 48bcf/d) while gradually declining in don
share. Used strategically to sustain ind
resilience, with growth in nuclear and rene

gradually reshaping the mix

5.3.5 U.S.Decarbonization and Industrial Sustainability Strategy

Int he2®@%t model , decarboni zation is embedded
industrial resilience and growt h. Rat her than
admini stratitomr esa tiuratt €mleda akyiwbge dpinli It gr, s :Ec on o mi

Pat hways.

T Ener gy iSse caudrviatnyc e d
gas, nucl ear, geot
emi ssion fuels abr

T Economiemfghtalizeyg

through an fAenergy

addit

her mal , and renewabl-es w
oad.
affordability, jJob creat

semi conductor st,e dhatmeamnrufeasct warnidn c,l eemams ur i ng

carbon | eakage.
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T Innovati opmiPatitways descalpporogyngneatrbahi tapt
modul ar reactoemsablgedtdheg mah i amedr Nat si gn;
invest ment drive the next wave of decarbon

Thi s i Anaowdt iapmr oach R2a0r2k5s rde gdaelpaat rmtoudred sf.r By
abundance, competitnheetrnaldusnnyyatainan,t etcthen ol
sustainability csatnr aien,nfiomrdcwest rriaalh elre & derns lciom

5.3.6 Looking Ahead: Pathways to 2035 and 2050

|l f the current administrationés approach con
combines energy abundance, technological innovation, and industrial competitiveness. Climate go
treated as stasatbne mandates, dsibutcomes of a system designed to expand supply, modernize infrastr
and accelerate priva¢etor deployment of clean technologies.

By 2035, the United States is expected to remain a leading global energy exporter while reducing
intensity of its domestic system. Natural gas will continue to provide stability for electricity and indu
relative share will graddalktyine as renewables expand and the first small modular nuclear reactors enter
Largescale investments in semiconductors, batteries, -saxhateamufacturing will add substantial load, ye
these facilities will operate on increasinghpdeaneEmerging technologies such as carbon capture, hydro
geothermal, and advanced storage are expected to move from pilot stages into early commercial dej
the same time, digital tools l#eveh optimization, digital twins, andjsdsavtill improve efficiency, reduce
waste, and provide the flexibility needed to integrate higher shares of variable renewable energy. Colle
shifts will drive significant reductions irs@oeemissions while ensuring reliabdiffp edability.

By 2050, the U.S. system is projected to evolve into a diveasbima how anchored by renewables,
nuclear, and natural gas with carbon capture. Nuclear capacity is expected to triple, providing a
backbone of zerarbon generation, whildrogen and CCUS are widely adoptedtorabate industries
such as steel, cement, and chemicals. Overall primary energy demand is expected to remain flat or s
2024 levels due to efficiency gains, but electricity demand wilkiserdis@detdrification deepens across
transport, buildings, and manufacturing. Advanced digitalization will link energy and industrial systems i
highly efficient networks, further lowering emissions interségtBy, thid U.S. wowdhdnstrate that it is
possible to achieve adavbon, globally competitive industrial base not through scarcity or restrictive me
but by leveraging innovation, resilience, and energy abundance.

5.3.7 Decarbonization Outlook: R@25 vs. Post025 Strategies

Pre2025: Regulatidrirst, Climatdandate Model

Before 2025, U.S. industrial sustainability was largely frameerarodacyeet and carbon accounting.
Decarbonization was pursued primarily through:

1 Binding federal or state emissions targets (e.g., Clean Power Plan frame\ex&sutie¢ orders).
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1 Mandated fossil fuel retirements, particularly coal, with renewables prioritized as the default rep

1 Subsidies and incentives (e.g., IRA 2022, BIL 2021) directed mainly toward wind, solar, EVs, ar

1 Regulatory oversight emphasizing compliance and prescriptive technology choices.
Decarbonization Outlook under this model:

1 Faster earstage emissions reductions in the power sector-fosemenalbles switching.

1 High reliance on renewables + storage for decarbonization, with limited role for natural gas, |
carbon capture.

1 Increased exposure to segh@in vulnerabilities tied to critical minerals and solar/battery imports.

1 Carbon leakage risk: stricter domestic rules risked drivintgresieegndustries offshore, undermining
net gains.

1 Innovation constrained: R&D favored select technologies, limiting investment in nuclear SMRs
hybrid solutions.

In short, the pP®25 model emphasized rapid complisvececarbon cuts, but at the cost of resilience
supply security, and broader industrial competitiveness.

Post2025: Abundance, Resilience, and Innovation Model

Since 2025, U.S. policy has shifted to a broader framing of sustainability, where decarbonization
through energy security, economic competitiveness, and innovation pathways. Climate goals remain ce
pursued through expansion aecification of energy supply rather than constraint.

Key features of the pa2®25 model:

1 Energy addition, not subtraction: expanded oil, gas, nuclear, geothermal, and renewables, with L
rising ~10% annually through 2030.

1 Technology neutrality: R&D and deployment for carbon capture, hydrogen, SMRs, geothermal, r
and digitalization, without favoring one pathway.

1 Innovaticdriven decarbonization: DOE Lab modernization, permitting reform, and Al/digite
accelerating commercialization of clean technologies.

1 Industrial integration: reshoring of semiconductors, batterieseamdneeafacturing powered by
increasingly clean and reliable energy.

1 Exportinked decarbonization: U.S. LNG and nuclear exports displace co&inassidmgiuels
abroad, contributing indirectly to gldbr@doCion.

Decarbonizatio®utlook under this model:

1 Steady longrm emissions reductions as renewables and nuclear expand, natural gas is paired w
and hydrogen penetratestoabate industries.

1 Lower carbon intensity across sectors while sustaining affordability and industrial strength.

1 Greater system resilience due to diversified energy mix, reduced import reliance, and stronger su
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1 Innovation as multiplier: digitalization arsgctosmtegration reduce energy waste and optimize cark

outcomes.

5.3.8 Decarbonizatiod Comparative Trajectories

Aspect

Pre2025 Model (Regulatibinst)

Post2025 Model (Abundance & Innovati

Approach

Complianedriven; carbon manda|
prescriptive technology choices

Technologyeutral; innovatidniven; energy
addition & diversification

Nearterm power
sector
decarbonization

Rapid coaétirementsenewables -
storagelominates

Renewables expand, but nuclear, gas +
hydrogen, and geothermal play parallel

Energy security

Greater reliance on imported crit
minerals and clei@ch supply
chains

U.S. as net exporter of LNG/nuclear; div
domestic energy base

Risk of carbon leakabeyher

Reshoring and expansion of semicondu

emissions profile

Industrial . :

competitiveness compliance costs batteries, cleaech plants under affordabl
energy

Innovation Narrow focus (renewables, storg Broad portfolio (renewables, SMRs, CC\

pathways EVs) hydrogen, digitalization)

Longterm Faster early cuts, but plateauing| Gradual but more resilient cuts; lower ca

storage/renewables bottleneck

intensity by 2050 with diversified mix

Global impact

Domest#ocused; weaker role in
shaping external energy marketg

Global decarbonization via LNG/nuclear
exports displacing higiabon fuels

Under the P2025 Regulatibirst, Climatdandate Model, the U.S. would place emissions reduction at
center of all policy design. Stronger federal regulations would impose binding emissions caps, acceler:
retirements, and direct invexst primarily into renewables and storage. Energy security would rely more
on renewable deployment and imports of critical minerals, potentially exposing the system to new vu
Economic vitality could face greater risks if regutiosydutpace the ability of U.S. industries to rema
competitive, raising concerns about carbon leakage as production migrates overseas. Innovation wou
but within narrower, prescribed technology channels, favoring renewabias, arettsfarage while
reducing investment in nuclearbfassd technologies with carbon capture, or hybrid solutions.

5.3.9 Decarbonization and Circular Economy

The U.S. approach to industrial sustainability is not limited to expanding energy supply and m
infrastructure; it also encompasses the circular economy, where resource efficiency and material r
central to losigrm decarbonizations Hiinension is increasingly articulated througK frearieevork a
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set of strategies that include reuse, remanufacturing, recycling, refurbishment, and recovery. By ex
useful life of products and materials, -¥enBéeel reduces the energy and carbon intensity of indust
production while creating new emoopportunities in design, logistics, and advanced manufacturing.

Circularity and Decarbonization

The circular economy represents a critical lever for reducing emissions associatézhsiltle saetgns
such as steel, aluminum, plastics, and cement. Roughly 30% of U.S. greenhouse gas emissions are tiet
production, with a sigmifishare linked to raw material extraction and processing. Applyfrentea/&té&
lowers demand for virgin resources, thereby decreasing both upstream emissions and energy requir
example, remanufacturing components in automotive @& sectusgatypically uses98% less energy
compared to producing new parts, while advanced recycling technologies cavalceptmaehigls
otherwise lost to landfill. In this way, the circular economy directly supports the threesuiktasabihiy U.S
model: it strengthens energy security by reducing import dependence, enhances economic vitality t
savings and job creation, and accelerates innovation pathways by fostering new technologies for mate
and reuse.

The Role of the REMADE Institute

At the center of U.S. circular economy efforts is the REMADE Institute, one of the 17 Manufacturing U
Funded by the Department of Energy and supported by industry, academia, and government partner
focuses on technologies that resnlbedied energy and emissions in manufacturing by developing sce
solutions for recycling, remanufacturing, and materials efficiency. Research areas include:

1 Design for reuse and remanufacturing, enabling products to be disassembled and upgraded 1
discarded.

1 Systems for recycling polymers, metals, and fibers, advaAdomg lgpgey chains.

1 Process innovations that reduce waste, recover critical materials, and optimize energy use |
production.

REMADE also has a strong emphasis on workforce development, preparing engineers and technici
skills needed to implemenX Reactices across U.S. industry. By linking applied R&D with training
commercialization, REMADE exemplifiealtoeatoie publprivate partnership model that underpins the U.S
industrial sustainability strategy.

Integrating the Reframework into mainstream industrial practice is essential for rezeting lon
decarbonization goals. As electricity demand grows from new data centers,-t€\¢B, randufbezaring,
reducing the energy embedded in matemsla ptrallel pathway to sustainability. If supported by permit
reforms, investment incentives, and expanded collaboration through Manufacturing USA and MEP n
ReX model could cut industrial sector emissions substantially whilesh&aceiagainst supply chain
shocks. In this vision, circularity is not an adjunct to sustainability but a core strategy for building an indt
that is lowarbon, resoureéicient, and globally competitive.

Circularity and Addressing the Microplastics Challenge

While circular economy strategies such as reuse, remanufacturing, and recycling can reduce industri
and material waste, they also play a pivotal role in addressing one of the most pressing environmental
United States: microplgstilution. Microplastics originate from degraded consumer products, synthetic |
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tire wear, and mismanaged waste streams. In the U.S., the EPA reported 35.7 million tons of plastic was
in 2018, while more recent studies from NREL estimate the figure closer to 44 million metric tons annu
which ends up landfjlladinerated, or leaked into natural ecosystems due to insufficient recycling infras
sourceld 29]

Microplastics are now found in U.S. waterways, agricultural soils, and even in human bloodstrea
concerns about léegn ecological and health impacts. Their persistence undermines ecosystem resilie
imposes hidden costs on fisherieyltage, and public health. Moreover, producing virgin plastics is en
intensive, often relying on petrochemical feedstocks that add to industrial greenhouse gas emissions
plastic waste is therefore not only an environmental impésatareibduatrial

The proliferation of microplastics is closely linked to the massive production and disposal of plastic |
2018, the United States generated approximately 35.7 million tons of plastic waste, accounting for :
municipal solid waste. blgtdhe recycling rate for plastics remained low, with only 8.7% (approximatel
million tons) being recycled. Much of this plastic waste was either landfilled or incinerated, leading to el
pollution and the fragmentation of plastiasnopiastifs30]

National Recycling SEPA

Strat .
rategy National Strategy to

Prevent Plastic Pollution

NATIONAL
STRATEGY FOR
REDUCING FOOD

LOSS AND WASTE
AND RECYCLING
ORGANICS

Nowembar 15, 2021

National Recycling National Strategy for National Strategy to
Strategy Reducing Food Loss and Prevent Plastic Pollution
Waste and Recycling
Organics
In Place |

Figure5106 U.S. Initiatives for Building a Circular Ecorf@883]

The microplastics problem in the United States is a multifaceted issue stemming from extens
production and inadequate waste management. The widespread presence of microplastics in the envi
their potential implications for humanumetgthcore the urgency for effective interventions to address
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growing conc¢tBl1] The environmental impact of microplastics is significant. These particles have been
in various ecosystems, including freshwater bodies and marine environments. Studies have found mic
lakes, rivers, and aquatic organisms, raisiaghsabout the health of wildlife and the potential fi
bioaccumulation in the food [&B&InAddressing the microplastics problem requires comprehensive w
management strategies, including improving recycling rates, reducing plastic production, and implemel
to limit the use of siagde plastics, which are critical steps.

Addressing the microplastics crisis will require collaborative action from policymakers, industries, r
and consumers alike. A multifaceted approach that prioritizes innovation, regulation, and behaviora
essential to mitigate the-lemg environmental and health impacts of plastic pollution and to transition to
more sustainable and plastiscious future.

To address this issue, the United States is implementing various sustainability initiatives, includi
economy models and enhanced materials recycling, aimed at reducing plastic waste and mitigating the
of microplastics.

The U.S. EPA Initiatives

EPA is actively advancing a circular economy to address plastic pollution. In November 2024, the E
the fANational Strategy to Prevent Pl astic Pol
production, innovating masgrthproduct design, and improving waste managemefit3stptheetrategy
outlines a comprehensive plan to address plastic pollution across the entire lifecycle of plastic pro
strategy aims to eliminate the release of plastic waste into the environment by 2040, focusing on six ke

1. Reduce Pollution from Plastic Production

1 Enhance Regulatory Measures: Review and update regulations for fossil fuel extraction, petr
and plastic production facilities to minimize environmental and health impacts.

1 Promote Environmental Standards: Explore the creation of voluntary certifications to recogn
products manufactured under rigorous environmental standards.

1 Address Environmental Justice: Identify and mitigate environmental injustice and public heal
associated with plastic production facilities.

2. Innovate Material and Product Design

91 Design for Circularity: Encourage the development of products that are reusable, recyc
compostable, thereby extending their lifecycle and reducing waste.

1 Support Sustainable Materials: Invest in research and development of alternative materials tl
lower environmental footprint compared to traditional plastics.

3. Decrease Waste Generation

1 Promote Reuse and Reduction: Encourage consumer behaviors and business practices that p
reduction of singise plastics and the adoption of reusable products.

1 Implement Extended Producer Responsibility: Develop policies that hold producers accounta
entire lifecycle of their products, incentivizing waste reduction and improved product design.
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4. Improve Waste Management

1 Enhance Recycling Infrastructure: Invest in modernizing recycling facilities to handle a broade
plastic materials efficiently.

i Standardize Recycling Practices: Develop uniform guidelines for recycling to reduce contami
increase the quality of recyclable materials.

5. Improve Capture and Removal of Plastic Pollution

1 Develop Cleanup Technologies: Invest in innovative technologies and methodologies for effecti
of plastic waste from terrestrial and aquatic environments.

1 Support Community Cleanup Efforts: Provide resources and support for local initiatives aimed ¢
plastic pollution from communities and natural habitats.

6. Minimize Loadings and Impacts on Waterways and the Ocean

1 Implement Source Reduction Strategies: Identify and control sources of plastic pollution
waterways, including stormwater management and wastewater treatment enhancements.

1 Protect Marine Ecosystems: Develop and enforce regulations to prevent plastic waste fron
marine environments, safeguarding aquatic life and habitats.

This strategy emphasizes a collaborative approach that involves businesses, gay@emaersiaion
organizations, academia, and consumers in transitioning the United States toward a circular eco
approach focuses on designing out waptdlatnuh, keeping products and materials in use, and regenera
natural systems.

NIST Initiatives

In March 2024, NIST awarded nearly $3 million to six universities to develop educational programs t
a circular economy for plastics. This initiat
Program, is designeddaip students with the skills necessary to tackle challenges related to plastic pro
consumption, and waste manadé&Bstgnt

The funded programs aim to integrate various disciplines, including materials science, economics, b
engineering, to provide araatided approach to plastic circularity. By incorporating these interdisciy
perspectives, students willgdeeper understanding of the economic, technological, and environmental
that influence plastic waste management and recycling. A key focus of this initiative is shifting from a line
where plastics are produced, used, and discadgd;ular economy that emphasizes reuse, repair, ar
recycling. This transition aims to extend the lifecycle of plastic materials, reduce environmental pollutio
the development of more sustainable manufacturing practices. Eachipgeisipatiiig tailor its program
to address various aspects of plastic circularity. Some will focus on developing new recycling techno
others will work on designing sustainable materials or creating business models that sumesttByrcular |
fostering coll aboration between industry | ead
innovation and support U.S. industries in implementing sustainable plastic management strategies
waste and enhanceigmmental responsibility.
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DOE Initiative

Pre2025, the U.S. DOE allocated $13.4 million to seven projects aimed at advancing technologies
recycling, reducing plastic waste, and lowering the carbon footprint of plastic production. The selected
by industry and universifiesus on converting plastic films into more valuable materials and designir
plastics that are more recyclable and biodegradaioieestment suppdtrth e Bi den Admi ni
to build a clean energy economy and achiare satboemissions by 20=ingleuse plastics, such as
plastic bags, wraps, and films, are-ertergjve to produce, accounting for more than 3% of total U.S. er
consumption. Despite their high embodied energy, many of these materials end up in landfills or the €
with less than 10% currently being rgi3gjed

The funded projects aim to develop affordable solutions for upcycling plastic films into more valuab
and designing new plastics that are more recyclable and biodegradable, innovating both the fprocess:
use plastics recycling andldstigs themselves. This funding opportunity builds on DOE investments, inc
the BigDptimized Technologies to keep Thermoplastics out of Landfills and the Environment (BOTTLE)
and the REMADE Ins{ii3é] DOEOG s Of fice of Energy Effici
Manufacturing Office and Bioenergy Technol ogi
Office of Fossil Energy and Carbon Management,-&BralkR##dying keyes in supporting plastic research
and development efforts.

5.4 EUActivities

5.4.1 The European Green Deal

The European Green Deal is a comprehensive EU strategy to combat climate change and prom
sustainable econ¢t©3p] The Green Deal includes numerous initiatives, from redotgsip@GOto investing
in renewable energy and environmentally friendly techimelBgrepean Green Deal is also ouiinifieéne
fight againghe COVHD9 pandemic. Ghéhi rd of the 01.8 trillion
Recovery Plan and th&EBveryear budget will finance the European Green Deal.

The aim of the European Green Deal is to make the European Weiatnatlbyst@5@eaning willno
longer produce any@etGemissions. This is a comprehensive strategy that affects all areas of the econo
society, from energy produatidmdustryotranspoyagriculturend biodiversity protection. The Green Deal
pursues the lotgym goal of transforming the EU into a more environmentally friendly and sustainable ¢
region.
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The first climate- Atleast 55% less 3 billion

neutral continent net greenhouse gas additional trees to be
by 2050 emissions by 2030, planted in the EU by 2030

compared to 1990 levels

Figure520d KeyFigures of theEuropean Green DEBEB9]

As shows Figuré2 the main objectives of the European Green Deal are:
1.dlimateNeutrality by 2050

The EU aims to achieveasiGHGemissions by 2050, which means that all emissions must be offset thi
measures such as reforestation, carbon capture or other technologies. This is the core objective of the
and is to be achieved throughdahing political measuresstmeats and innovations.

2.Reduction @HGEmiIssions

By 2030, the BIGHGemissions are to be reduced by at least 55% compared to 1990 levels. This i
achieved through stricter emissions regulations, the expansion of renewable energies, the transitior
transport technologies and the promotion of energy efficienc

3.Promotion &enewabl&nergies

An important part of the Green Deal is the promotion of renewable energies such as solar, wind and \
toreduce dependence on fossil fuels and decarbonize the energy sector.

4.Protection @odiversity

The Green Deal also aims to protect biodiversity and consé@rveathealeegsources. This includes
measures to combat pollution, restore ecosystems and protect habitats and biodiversity.

5.CirculaEconomy

Another goal is to promote a circular economy in which resources are used more efficiently and wast:
Products should be used for Ipagedsnd be easier to recycle or reuse, resulting in less svastacatt
environmental impact.

6. Sustainablgobility

The EU is planning a comprehensive transformation of the transport sector to makaencliyrd bisnate
includes measures such as the promotion of electric vehicles, the expansion of public transport syste
reduction of G@missions in aviation and shipping.

7. FairEconomidransformation

The European Green Deal ensures that the transformation of the economy is socially just. This inclu
for regions and sectors that are particularly affected by the transitionhfougketimpl&ist Transition Fund.
The aim is to create jobs and prevent economic imbalances.

6. Greeinvestment amighovation

Massive investment in green technologies and innovation is needed to support the Green Deal. -
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therefore create incentives for companies and investors to invest in sustainable projects, for example tt
bonds and support programs.

Notable initiatives indLi8g]
T REPowerEU
1 The Green Deal Industrial Plan

1 EU action to address energy crisis

5.4.2 REPowerH

In response to the hardships and global energy market disruption causeaviagi®usdiakraine, the
European Commission is implementing its REPowerEU Plan to phase out Russian fds¥i] fuel i
Launched in May 2022, REPowerEU is helping the EU sdixemsigrgynergy supplésiproduce clean
energyThanks to REPoweri¢, European Commissionsheguarded EU citizens and businesses from
energy shortages, supported Ukraine by weaken@gvRuskest, accelerated the transition to clean energ
andstabilizedricesEU countries will prepare national plans by the eraltin2@@éw they will contribute
to phasing out imports of Russian gas, nuclezaraheiigyt the same time, efforts will continue to acceler:
the E@ energy transition and diversify energy supplies to elimirsatgplisksuoty and market stability.

SecuringAffordableEnergy

Energy prices in Europe have declined substantially compared ab20@2pdadesks to the coordinated
European response and the REPowerEU Plan. Europe isthemstilugiion ofean and affordable energy
tosecurets energy independence. Following the Rillss&le invasion of Ukraine, the EU proposedn
gas procuremeiatensureghat Europeans have access to affordable enéogweaiddany energy supply
disruptions. This system allowed us porsthaisingportiorof our ganeedsollectivelys Europeansther
thancompetinggainsbneanothefor scarce supplies. In place since April 2022, the EU Energy Platform p
crucial role idiversifyingur energy supply. The Platform helps coordinate infrastructure investment
negotiations with external gas suppliers to prevent EU countries frameautbttdiitne Platform also
leverages the weight of the EU single market to achieve better conditions for all EU consumers

Accelerating th€eanEnergyTransition

The REPowerEU Plaadseleratinthe green transition and promoting massive investment in renew
energyln November 2023, the revised Renewable Energy Directive entered into force. This new legis
to increase the share of renewables irStlowdthll energy consumption, raising the binding target for 203
42 %% with the ambitiofreaching5%. This would almost double the existing share of renewable energy
EU.

To support the clean transition, wenmpusveurabilityto nurtureour own industry. To achieve this, we
proposed a Green Deal Industrial Plan for Europe in FebridmyP2023vill help enable thes EU
manufacturing industry to sgalgs production of thezeed technologies and products required to mee
Europ& ambitious climate targets.

At the end of 2023, the Commission presented an action plan to actieletditeldotricity grids. With
the EU markets fully integrateddarnizeidfrastructure network enghegsitizens anousinessesenefit
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from cheaper and cleaner eneitine same year, we also revised the Energy Efficien@jddigettivether
energy and climatgulationsThe new rules establisi@aargy efficiency @ipsinciple, meanitigat,in
practiceenergy efficiency must be considered by EU countries in all relevant policy and major investmer
maden boththe energy and remergy sectors. The rules@latributéo ensuring that we meet our climate
ambition of reducBGemissions by at least 55%0B0,Zompared to 1990.

In July 2024, the reform of the EU electricity market design entered into force. This helps to make th
market more resilient and benefits citizens and companies by making tHegsdepeqdeititithe short
term market price of electricity. The reform also helps accelerate the integration of more renewable en
intothe energy system antianceprotection against market manipulation.

A largescale business plan to further support the competitiveness and resiliencecal IE¢thie disay,
Industrial Deal, was put forward in early 2025. The Deal wildacadberaimtiavhile simultaneously
boosting EU manufacturing by lowering energy prices, creatingamagirtyjdivgthe right conditions for
companies to thrive.

5.4.3 The Green Deal Industrial Plan

The Green Deal Industrial Plan enhances the competitiveneSsetzenoapdustry and is accelerating
the transition to climate neJttdlifyit does so by creating a more supportive environment for scaling u
EUS manufacturing capacity for theertetechnologies and products required to meét &ulopeus
climate targets.

On the road to fretro, the EU Commission lists the following kesph&gur@sigures3

Over €100 billion More than 400 GW 4.5 million
is the value of EU's net-zero start- of wind and solar renewable energy ~ green jobs in the European
ups ecosystem in 2021, doubling production capacity in the EU in economy in 2019 up from 3.2
since 2020 2022, an increase of over 25% million in 2000

compared to 2020

Figure530 Key Figure®f the Green Deal Industrial Hldil]

To secure Eurdpeplace as the home of industrial innovation and clean tech, the Green Deal Industrial
coveffollowinfpur key pillars:

1. Predictable and Simplified Regulatory Environment

This pillar of the pfanuse®nthe regulatory environment. This means creating a simpled, faster
predictable framework, securing the volumes needed for raw materials, and camhemejiusers the
low costs of renewables. There are three initiatives to suppa$ floisowsrk

1 Offshor®indTurbines Netero Industry Act
Identifying goals for-zexb industrial capacity and provide a regulatory framework suited for its
deployment

9 Critical Raw Materials Act
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Ensuring sufficient access to those materials, like rare earths, that are vital for manufact
technologies

1 Reform dectricitiviarketDesign
Helping consumers benefit from the lower costs of renewables

2. Faster Access to Funding
The second pillar of the plan will speed up investment and finantaud fjoroclaation in Europe.

Under competition policy, the Commission aims to guarantee a level playing field within the Single |
making it easier floembestates to grattienecessary aid to fastk the green transition. To thatrehah
order to speed up and simplify aid granting, the Commissiomesoheutteds amended the Temporary
State Aid Crisis and Transition Framework, and revised the General Block Exemption Regulation in
Green Deal.

The Commission will also facilitate the use of existingofibainceearech innovation, manufacturing
and deployment, with a focus on REPowerEU,, emvé$tiEUnnovation Fund. The Commissionssgkalso
toestabliskthe European Sovereignty Fund agexrmstructursblutiorior investment needs.

3. Enhancing Skills

With asignificargrowth in new technologies, we will caeespondimgcreasen skills and skilled workers
in this sector. To develop the skills neladddtEhe green transition, the Commisspopaestablishing
NetZero Industry Academies that will help radkiiigapd rekillingprogramsn strategic industriéis
proposal widbnsider how to combirekidisfirst approachrecognizingctual skills, with existing approaches
based on qualificatiohdditiona]iywillexplorevaydo facilitatdtneaccess of thimbuntry nationals tol&thbr
markets in priority sectordwillexamineneasures to foster and align public and private funding for sl
development

4.0pen Trade for Resilient Supply Chains

The fourth pilfacuse®nglobal cooperation and makingdoadeciviothe green transitiadheringp
the principles of fair competition and opewliiiebejlding on engagements with te&tthers and the
work of the World Trade Organization Toih@)end, the Commission will continue to deveiopetveoiJ
of Free Trade Agreements and other forms of cooperation with partners to support the green transitio
continuéodefendhe Single Market from unfair trade practices.

5.4.4 EU Action to Address Energy Crisis

Russi& military aggression against Ukraine and itszateaparii gas supplies have provoked an
unprecedented energy crisis for the EU. This hashadpteise in energy prices and brought Hardship
Europear$42]

In response, the EU implemented emergency measurestabZ&htergy prices and ensure access to
gas supply during the winter. Looking thiee&dmmission is now focusing on addressing péigistently
energy costs that impact EU citizens and businesses. To this end, in RebrGanmy2025on presented a
new action plan aimed at reducing energy costs, completing the energy union, attractamgl investr
enhancing preparedness for potential energy crises.
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In June and July 2022, the Commission proposed new ruldéisaterspeenad sufficient gas supplies to
withstand any sudden disruptions from Russia during the winféithhtbetimew gas storage ,rblds
countriemustill storage facilities to 90¥dwembet of each year. At the beginning of th20282dinter
seasonthe gas storages were 95% full, with the 90% timesttbeEnreacheds earlyas August 2024.
Furthermore, in August 2022EU countries agreed on a regulatdumtarilseduce natural gas demand by
15% for the 2022/2023 winter season, later extending it to cover the winter of 2023/2024. In March 202
adopted a recommendation to continue taking voluntary measures until March 2025 to maintain a co
reduction igas demand compared to the average demand between April 2017 anih Mpriti2@P22the
Commission also launched the EU Energy Platform to haliede0lletmanaten global markets. The goal
is to avoid competition between EU countries, uSearntheelite to secure diverse energy sources, encoura
competition among major supplelrachieve better conditions for consumers.

A key part of ensuring secure and affergabigupplies involves diversifying supply raetessnyears
the EU has been working with international partners to diversify supplies. Since 2022, the Comn
established agreements with Egypt, dahéizerbaijan to export natural gas to Europe. The EU has ¢
increasetiquefiedaturalgas (LNG) imports from North America, AustraliandBitst Africaswell as
through pipelines from Norway, the United Kingdom,, Aperthojdifricalnvestments in LNG terminals
and gas interconnectors have ensured that every EU country can now receive gas from at least two s
reverse flows are possible betmeaghboring countriesr example, in May 2022, the Ralangnia gas
interconnector began operations, reinforcing the optionality and resilience of the Baltic gas market.
October 2022, the GrelRalgaria gas interconnector was launched, playing mdiegrsifging gas supplies
inSoutheagturope.

Besides securing sources abroadustese as mudiomegrown eneg/ possible. The EU is already a
global leader fhedevelopmenf technolodpr renewable energies. In,2083%hare of renewables in the
EUWS energy consumption was 24.5%. With the revised Renewable Energy Directive irablehemhber 202
inFiguré4, EU countries agreed on an overall renewable energy target of at least 42.5% at EU level by
the aim to reach at least 46%peed up the deployment of renewable energy, EU countries agreed in De
2022 on temporary rttedallow for streamlirpmittingrocesses.

Renewable energy 24.5% 42.5%
in the EU share of renewables in EU's energy overall renewable energy target at
consumption in 2023 EU level by 2030 (with the aim to

reach at least 45%)

Figure540 Key Figures oDeveloping Renewable Endig?]

In response to Ru@siase of energy as a weapon, EU countries agreed in Octobepl2022dn
emergency interven@amedat reducingenergy bills for European households and businesses. It inclu
followingneasures:

1 Reducing electricity demand (10% overall, with an obligatory 5% reduction during peak hours)

fTCapping revenues A{astleBefgy goeucersMwWelear, lifnitep nenewables) al
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redistributing the surplus to costumers

1 Introducing a temporary solidarity contribution on excess profits in the oil, gas, coal and refine
redirecting funds to energy consumers.

The emergency measures expired in 2023.

In February 2023 EU countries also agreed on a Market Correction Mechanism to avoid disruptions t
and financial market. In case of need, it would have been automatically activated:

1 fthemonthhead Title Transfer Facility (TTF) p

T I the TTF price was 035 higher than a ref
for the same 3 working days.

The mechanism was in force until January 2025 and never needed to be triggered, thanksato factor
decline irstructural demand, reliable LNG and pipeline imports from trusted partners, and enhance
infrastructure.

Nevertheless, energy prices in the EU remain structurallyi@aghdwidicitizens and the competitiveness
of EU industry. The Commission therefore ptwditetiabl&nergyActiorPlanin Februarg025 which
outlinegoncrete shadrm measures to lower energy costs for citizens, businessesdindustnynities
across the EU, complete the energy union, attract investments, and be better prepared for potential el
This will allow famo v er a |l | estimated savings of 045 bill
billion annually by 2686, d 0260 bill i on annually by 2040.

5.4.5 Microplastic Issues

Microplasti@e plastic particlevafioushapeshat are presentheair, soil, freshwater, seas, biota, and
several components of our diet. Becatisefrafjmentation and degradation of larger plastic items al
microplastics, it is plausible#matplastiagill be formed. Scientmtticymakerand the public are becoming
increasingly concerned about both the ubiquityaoidnaneyoplasticel{ectiveleferredo asdNMP§ and
the uncertainties surrounding their impacts, dadaislss to our environment and human health.

NMPs arkessthan5 mm in size (Arthur, 2009; Thompson et al., 20fig)natdom a variety of sources,
including fisheries, products and textiles (use and breakdown), agriculture, indysing othstes higter
scientific evidence base and policy coasmaviewed by the European Comr&@isSimantific Advice
Mechanisnandthey published a report on Januafi28{fhe absence of concrete evidence of microplasti
risks at the time of the report did not allow us to conclude with sufficient certhierigleitvees tinasent or
that it was absent in natdrethe other hand, the working group of the European @ofuieissfanAdvice
Mechanism found that there was a need for more inquiry into thesrtutansismmarios, as well as the
environmental ones.

The working gr@igey conclusions vik4d]

1 Microplastiédiny particles undemsin lengif are already present across air, soil and sediment
freshwaters, seas and oceans, plants and animals, and in several components of the human di

1 These particles come from a variety of sources, including plastic products, textiles, fisheries, ¢
industry and general waste.
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1 In controlled experiments, high concentrations of these particles have been shown to cause ph
to the environment and living creatures, including inducing inflammation and stress.

1 However, the concentration levels measured in fwarny teahtions are well below this thdeshold
though there are also limitations in the measurement methods currently available.

1 Meanwhile, in other parts of the environment, there is no reliable evidence about the levels ol
these particles. This is true especially of nano plastics, which are very difficult to measure and €

After that, o Octobed 7, 2023, CommissioRRegulation (EU) 2023/2055 restricting synthetic polym
microparticles on their own or intentionally added 6 meittéurksown #ie microplastics restri@gion
beganoapplj145]On April 8, 2025, the Council and the European Parliament provisionally agreed on ar
to prevent the loss of plastic petle¢sindustrial raw materials used to make plasticd prtaldloes
environmei 6]

5.5 CrossregionalSimilarities andDifferences

In this chapter, we have looked at efforts regarding energy, decarbonization, and environmental issu
the United States, and Europe.

All three regions are committed to achieving carbon neutrality by the middiglobtigéstrategigs
that include reduc@®igGemissions and promoting renewable €odrawance economic grasttineducing
environmental impact, all regions are promoting measures such as technology development and tax i
expand renewable energy sources. Furthermore, all regions are working toward a transition to a circu
byimproving resource efficiency and reducing waste.

As for thdifferences in energy, decarbonization, and environment#héstues regions, as mentioned
above, the recognition of the issues is generally the same, but there were some differences in the speci
reflecting the economic and cultural backgrounds.

For example, measures against microplastic pollution vary from region to region, and the degree
and level of regulation also seem to differ. In Japan, the emphasis is on voluntary reduction efforts a
laws, and efforts against niagtop pollution have only recently begun. The U.S. strategy on microplastit
plastic waste emphasizes a sdiaseel, lifecycle approach led by thendRApported by stideel
initiatives, voluntary industry actions, and investments ianegsydtagable materials. This decentralized,
innovatiodriven model integrates stakeholder collaboration and aligns with broader circular econ
environmental goals. In the EU, strict regulations on micropidistineasures to prevent the loss of plastic
pellets, are being dissemirmsed on scientific analysis and recommendations

In addition, from the perspective of energy strategies and regional revitalization, management polic
theirdiscussions on regional decentralization. In Japan, decentralization is being promoted for sem
manufacturing and data center construction in accordance with regional energymQ2§atem)igsS.
redefined industrial sustainability through a practical model centered on resilience, abundance, and ir
this model, the U. S. sudancpthiashfiiugaesa dEcaroreizedyeynergs ohix over
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