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1. EXECUTIVE SUMMARY

This comprehensive patent landscape analysis examines 126,935 patent documents in
robotics and material handling technologies, which are critical foundations for Europe’s
industrial transformation toward Industry 5.0 principles of human-centricity, sustainability,
and resilience. Drawing from Espacenet data covering Cooperative Patent Classification
(CcPC) classification codes B25J (manipulators and robots), HIOP72 (semiconductor
manufacturing processes), and B65G47 (material handling devices), this analysis provides
strategic intelligence on the global competitive environment and Europe’s position within it.

Key Finding: Europe’s Strategic Differentiation

Asian manufacturers dominate in sheer patent volume; China leads with 78,774 patent
families, followed by South Korea (38,916) and Japan (27,193), while European entities
maintain strategically crucial positions that align precisely with Industry 5.0's distinctive
characteristics. This is not a story of European decline but of European differentiation toward
higher-value, human-cantered, and sustainable automation approaches.

The European Patent Office (EPO) received 62,809 patent filings in these technology
domains. It nearly matches China's 63,832 filings at the Chinese Patent Office. This near
parity demonstrates that companies worldwide view Europe as a premier market for
automation technologies, validating European regulatory frameworks, market
sophistication, and continued industrial relevance despite manufacturing sector
contractions.

European applicants, led by Germany (11,930 patents), France (3,721), Netherlands (3,574),
and Italy (3,338), contribute approximately 23,000 patent families, which is roughly 18% of
the global total. More significantly, European patents exhibit distinctive characteristics:

¢ Human-Centric Focus: European patents disproportionately address worker
wellbeing, ergonomic integration, skill development, and cognitive load management.
It is directly aligned with Industry 5.0's human-centricity principle.

o Sustainability Integration: European applicants lead in patents integrating
sustainability metrics into production control systems, with 4,793 patents addressing
climate change mitigation in manufacturing.

e Systems-Level Innovation: Where Asian patents optimize individual components,
European patents more frequently describe integrated solutions balancing multiple
objectives simultaneously.

¢ Quality Over Volume: European precision engineering heritage manifests in patents
emphasizing measurement, verification, and quality assurance rather than purely cost
or speed optimization.

Strategic Challenges for European Industry
However, the analysis also reveals concerning gaps where Europe lags global competitors:

¢ AI/ML Integration: Chinese and American companies file substantially more patents
integrating advanced artificial intelligence into manufacturing automation.

¢ Supply Chain Resilience: Korean and Japanese manufacturers dominate flexible
manufacturing and rapid changeover technologies critical for Industry 5.0's resilience
principle.

o SME-Accessible Solutions: European automation innovation targets large-scale
applications, creating gaps in affordable, easily deployable systems suitable for small
and medium enterprises.
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Implications for European Industrial Policy

This patent landscape has profound implications for European industrial strategy. Europe
cannot and should not attempt to match Asian volume manufacturing or American
software dominance in automation. Rather, European competitive advantage lies in:

1. Leveraging existing strengths in human-centric automation to lead the global Industry 5.0
transition

2. Establishing European sustainability-integrated manufacturing as the global benchmark
3. Addressing technology gaps strategically through targeted R&D investment, standards
leadership, and pragmatic licensing/partnership approaches

4. Ensuring European SMEs can access automation technologies appropriate to their scale
and resources

The analysis demonstrates that Industry 5.0 is not merely conceptual but grounded in real
technologies protected by substantial intellectual property. European success requires
understanding this technological landscape, building on European strengths, and
strategically navigating areas where Europe must access externally developed innovations.
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2. INTRODUCTION

This report presents a comprehensive patent landscape analysis of robotics,
semiconductor manufacturing processes, and material handling technologies that
collectively shape the foundations of Industry 5.0. By examining 126,935 patent documents
across key CPC classifications, the study assesses global innovation trends, competitive
dynamics, and Europe’s strategic position within these rapidly evolving domains. The
objective is to provide a data-driven understanding of how technological developments
align with human-centric, sustainable, and resilient manufacturing principles, highlighting
both Europe’s strengths and the critical gaps that must be addressed to achieve
meaningful industrial transformation.
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3. TECHNOLOGY DOMAINS AND CPC CLASSIFICATION ANALYSIS

The patent search focused on three interconnected CPC codes representing technologies
fundamental to Industry 5.0 transitions across European industrial sectors. Understanding
these technology domains and their patent distributions provides essential context for
assessing Europe's competitive position.

3.1. B25J - Manipulators and Robotic Systems (18,854 documents)

This classification encompasses industrial robots, manipulators, and automated handling
devices: the technologies central to modern manufacturing automation. The B25J domain
represents the intersection of mechanical engineering, control systems, and increasingly,
artificial intelligence. Key subgroups reveal specific technology focus areas:

B25J 9/16 - Programme Controls (11,381 documents): The software and algorithms
controlling robot behaviour. This massive patent cluster reflects the shift from hard-coded
robot programs to adaptive, learning systems. European contributions here emphasize
safety, reliability, and human-robot collaboration rather than pure speed or precision
optimization.

B25J 15/00 - Gripping Devices (7,835 documents): End effectors and grippers represent the
physical interface between robots and work. Patent activity here increasingly addresses
adaptive gripping for variable products, gentle handling for delicate components, and
quick-change systems for flexible production. European patents show strength in universal
grippers suitable for diverse applications rather than highly specialized single-purpose
designs.

B25J 19/00 - Accessories and Safety Systems (6,445 documents): Safety sensors,
monitoring equipment, and protective systems. This subgroup is particularly relevant for
Industry 5.0's human-centricity principle. European applicants dominate here, reflecting
stringent European safety regulations and cultural emphasis on worker protection. German
and Scandinavian companies particularly lead in patents addressing long-term worker
health impacts rather than merely preventing immediate collision injuries.

European Competitive Position in B25J:

European entities account for approximately 22% of B25J patents, with particular strength in
collaborative robotics (cobots), safety systems, and ergonomic integration. Companies like
ABB (Switzerland), KUKA (Germany, now owned by Chinese Midea but European R&D centres
remain), Siemens (Germany), and numerous SMEs contribute to a robust European robotics
ecosystem. However, Japanese companies (Fanuc, Yaskawa, Kawasaki) and increasingly
Chinese manufacturers challenge European leadership in traditional industrial robotics,
pushing European companies toward higher-value collaborative and service robot
applications where human interaction is central.
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3.2. HIOP72 - Semiconductor Manufacturing Processes (59,940
documents)

This classification represents the largest patent cluster in the dataset, covering automation
technologies for semiconductor fabrication. While seemingly specialized, semiconductor
manufacturing represents extreme cases of precision, cleanliness, and process control that
have broader implications for advanced manufacturing sectors including medical devices,
advanced electronics, and precision instrumentation.

HI0P72/74 - Wafer Handling (7,046 documents): Precision material handling under
extreme cleanliness and delicacy requirements. These patents address nanometre-level
positioning, contamination prevention, and gentle handling of fragile silicon wafers.
Technologies developed here increasingly transfer to other precision industries.

HI0P72/04 - Automated Transport Systems (5,302 documents): Represents resilient,
flexible material flow solutions in highly automated environments. Given semiconductor
manufacturing's extreme complexity and capital intensity, these systems must balance
automation efficiency with rapid problem response and process optimization.

YO02P70/50 - Energy-Efficient Manufacturing (3,983 documents within HI0P72): The
presence of climate change mitigation classification in nearly 4,000 semiconductor patents
demonstrates sustainability integration even in extremely performance-driven industries.
This trend has accelerated since 2020, driven by both corporate sustainability commitments
and European regulatory pressure.

European Competitive Position in HIOP72:

Europe holds a unique position in semiconductor equipment. While semiconductor
fabrication itself has largely moved to Asia, European companies - particularly ASML
(Netherlands) in lithography, and various German and Swiss precision equipment
manufacturers - remain indispensable suppliers of critical production equipment.
Netherlands alone contributes 3,574 applicant-country patents, disproportionately high for
a country its size, reflecting ASML's dominance in advanced lithography systems. This
represents a strategic lesson: Europe cannot compete in volume manufacturing but can
dominate essential equipment and technology provision. However, European equipment
manufacturers face increasing competition from Applied Materials (US), Tokyo Electron
(Japan), and rapidly advancing Chinese equipment makers.

3.3. B65G47 - Material Handling Devices (39,374 documents)

Conveyors, transfer systems, sorting equipment, and automated material movement
technologies represent the connective tissue of production facilities. Unlike specialized
robotics or semiconductor equipment, material handling appears across virtually all
industrial sectors, making this patent domain broadly relevant.

B65G47/90 - Pick and Place Devices (9,245 documents): Automated loading and
unloading systems. These technologies reduce physically demanding repetitive work while
maintaining production flow. Patent trends show increasing integration with vision systems
for flexible item recognition and Al for optimal picking strategies.
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B65G47/82 - Transfer Devices (4,899 documents): Systems moving products between
conveyors or processes. Critical for creating reconfigurable production lines adaptable to
changing product mixes. European patents here often emphasize modularity and
standardization enabling rapid reconfiguration, which are aligned with Industry 5.0's
resilience principle.

B65G47/24 - Orientation and Positioning (3,345 documents): Vision-guided systems
ensuring correct part orientation. Increasingly incorporates Al for defect detection and
quality verification, representing convergence of material handling with quality assurance
functions.

European Competitive Position in B65G47:

Material handling shows the most balanced global patent distribution, with no single region
dominating. European companies hold approximately 20% of patents, competitive with
Asian and American counterparts. German companies (Bosch, Festo, various specialized
SMEs) and ltalian packaging/logistics automation companies maintain strong positions.
However, Chinese companies have dramatically increased patent activity since 2015,
particularly in cost-optimized systems suitable for high-volume consumer goods
production. European differentiation increasingly emphasizes flexible, human-compatible
systems suitable for mixed-product environments rather than optimizing single-product,
high-volume lines.
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4. GEOGRAPHIC PATENT DISTRIBUTION AND EUROPEAN MARKET
POSITION

Patent filing patterns reveal not just innovation origins but strategic market priorities,
technology transfer dynamics, and regional competitive positions. This section examines
three geographic dimensions: where patents are filed (market protection), where
applicants are based (innovation origins), and where inventors work (R&D locations).

4.1. PatentFiling Destinations: Market Significance Analysis

Table 1. CPC Patent Filing Destinations

CPC Assigning Office Documents % of Total

CN - China 63,832 30.9%
EP - European Patent Office 62,809 30.4%
US - United States 42,550 20.6%
KR - South Korea 37,145 18.0%

The near equivalence between European Patent Office (62,809 filings) and Chinese Patent
Office (63,832 filings), as illustrated in the Table 1 is strategically significant. Despite
narratives of European industrial decline, global companies invest heavily in European
patent protection, signalling confidence in Europe's economic importance, market
sophistication, and intellectual property enforcement. Companies file patents where they
see valuable markets and where they anticipate competitors. In other words, the EP filing
volume indicates Europe remains a critical competitive battleground for automation
technologies.

EU Member State Patent Activity:

While most European patent protection occurs through the EPO (covering all EU member
states plus EEA countries and Switzerland), individual member state filings reveal domestic
innovation priorities. Germany (GB: 431 documents), Spain (ES: 108), Sweden (SE: 106), and
Austria (AT: 95) show the highest national filing activity, reflecting these countries' domestic
automation industries serving local markets before seeking broader European protection.

4.2. Innovation Origins: Applicant Country Analysis

Analysing where patent applicants are headquartered reveals the true sources of
automation innovation and R&D investment:
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Table 2. Applicant Country Analysis

Applicant Country/Region Documents % of Total
Japan 51,085 32.8%
United States 32,010 20.5%
South Korea 31,490 20.2%
Germany (EU Leader) 11,930 7.7%
Taiwan 7133 4.6%
China 4,827 31%
France 3,721 2.4%
Netherlands 3,574 2.3%
Italy 3,338 21%
Total European Union (Top 4) 22,563 14.5%

The disparity between China's 63,832 CPC-assigning office patents, shown in Table 1 and
only 4,827 applicant-country patents, shown in Table 2, reveals that most technologies
being implemented in China originate from foreign companies, primarily Japanese, Korean,
American, and European. Chinese domestic innovation in robotics and handling systems,
while growing rapidly, still lags established industrial powers. Conversely, European
applicants' 22,563 patents (just top 4 EU countries) demonstrate substantial domestic
innovation capacity. Europe innovates at home and exports globally. This is a fundamentally
different position than being a technology importer.
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5. EUROPEAN UNION: STRATEGIC STRENGTHS AND CRITICAL GAPS

Understanding where European innovation excels and where it lags is essential for
developing effective industrial policy, guiding R&D investment priorities, and navigating the
transition to Industry 5.0 approaches. This section provides honest assessment of EU
competitive positions.

5.1. European Strengths: Competitive Advantages in Industry 5.0
Technologies

5.1.1. Human-Centric Automation Leadership

European patents in robotics and automation exhibit distinctive characteristics aligned with
Industry 5.0's human-centricity principle. Unlike Asian patents emphasizing productivity
maximization or American patents focusing on Al capabilities, European patents
disproportionately address worker wellbeing, ergonomic design, skill enhancement, and
long-term health impacts. This reflects European regulatory frameworks (machinery
directive, worker safety standards), strong labour representation, and cultural values
emphasizing quality of work life. Companies like ABB, Siemens, Festo, and numerous
specialized SMEs have built competitive advantages in collaborative robotics, ergonomic
workplace design, and automation systems that complement rather than replace human
capabilities. As global awareness of automation’s social impacts grows, these European
strengths position EU companies to lead the Industry 5.0 transition globally.

5.1.2. Sustainability-Integrated Manufacturing Systems

The 4,793 patents in this dataset addressing climate change mitigation (YO2P classification)
disproportionately come from European applicants. More significantly, European patents
show a distinctive pattern of integrating sustainability throughout production systems
rather than treating it as separate optimization. While Asian patents might claim energy-
efficient motors (component optimization), European patents more commonly describe
control architectures balancing throughput, quality, energy consumption, material waste,
and circular economy metrics simultaneously. German companies particularly excel here,
reflecting both regulatory drivers (EU emissions trading, circular economy policies) and
market demand from environmentally conscious European consumers and corporate
supply chains. As climate pressures intensify globally, this European leadership in
sustainability-integrated automation represents significant competitive advantage.

5.1.3. Precision Engineering and Quality-Critical Applications

European automation innovation shows consistent emphasis on precision, measurement,
verification, and quality assurance. Swiss, German, and Austrian patents particularly
dominate in technologies for high-precision positioning, nanometre-scale measurement,
and quality verification systems. The Netherlands' ASML holds near-monopoly in advanced
semiconductor lithography - arguably the most precision-demanding manufacturing
process globally. This precision engineering heritage creates European advantages in
sectors where quality is paramount: medical devices, aerospace components, automotive
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safety systems, scientific instruments, and advanced manufacturing. While Asian
manufacturers compete in volume production, European companies maintain strong
positions where tolerance for defects is minimal, and customers prioritize reliability over
cost.

5.1.4. Systems Integration and Modular Flexibility

European patents frequently describe modular, reconfigurable systems rather than
optimized single-purpose installations. This reflects European manufacturing's emphasis on
customization, smaller batch sizes, and product variety compared to Asian volume
manufacturing. German Industry 4.0 initiatives particularly emphasize flexible, software-
reconfigurable production systems. This modular, systems-thinking approach aligns well
with Industry 5.0's resilience principle: systems designed for reconfiguration can more easily
adapt to supply disruptions, demand changes, or product evolution. As manufacturing
increasingly values adaptability alongside efficiency, European approaches to flexible
automation gain competitive relevance.

5.2. European Weaknesses: Critical Technology Gaps Requiring
Strategic Response

5.2.1. Artificial Intelligence and Machine Learning Integration

Chinese and American companies file substantially more patents integrating advanced
Al/ML into manufacturing automation. While European companies excel at safe, reliable,
rule-based control systems, they lag in leveraging cutting-edge Al for computer vision,
predictive analytics, autonomous decision-making, and adaptive learning. This gap reflects
broader European challenges in Al: limited venture capital compared to US and Chinag,
fragmented data infrastructure, restrictive privacy regulations creating R&D barriers, and
brain drain of Al talent to US tech giants. For Industry 5.0, this Al gap creates dependencies.
European companies implementing Al-enhanced automation often license algorithms
from Google, Microsoft, or Chinese providers, creating technology sovereignty concerns and
limiting European value capture from Al-driven productivity gains.

5.2.2. Supply Chain Resilience and Rapid Changeover Technologies

Korean and Japanese manufacturers dominate patents in flexible manufacturing systems,
rapid production changeover, and supply chain visibility technologies. European
manufacturing optimized historically for long production runs and established supply
relationships, creating patent gaps in technologies enabling quick adaptation to
disruptions. Given recent supply chain vulnerabilities (COVID-19, semiconductor shortages,
geopolitical tensions) and Industry 5.0's emphasis on resilience, this represents concerning
European weakness. European companies face longer changeover times, higher costs for
production flexibility, and greater vulnerability to supply disruptions than Asian competitors
with more adaptable manufacturing systems.
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5.2.3. Cost-Competitive SME Automation Solutions

European automation patents predominantly target large-scale, capital-intensive
applications. Patents describing low-cost, easily deployable automation suitable for SMEs
are more common from Chinese applicants. This creates concerning patterns: European
SMEs seeking automation often source from Chinese suppliers (cost) or struggle to justify
European automation investments (high capital requirements). Given SMEs represent 99%
of European businesses and employ two-thirds of European workers, this automation
accessibility gap undermines broad-based Industry 5.0 adoption. Large European
manufacturers may transition to Industry 5.0, but if SMEs lack affordable automation
pathways, the European industrial ecosystem remains bifurcated.

5.2.4. Vertical Integration of Hardware and Software

American companies (Tesla, Apple in manufacturing) and Chinese companies (BYD,
Huawei in industrial loT) increasingly patent complete technology stacks from sensors
through cloud services. European companies more commonly specialize. Hardware
manufacturers depend on software providers, sensor makers integrate with others’ systems,
automation suppliers assume separate IT infrastructure. This creates integration
complexities, interoperability challenges, and difficult coordination across multiple vendors.
For Industry 5.0 implementations requiring seamless data flow from shop floor to enterprise
systems, European fragmentation creates disadvantages versus vertically integrated
competitors offering complete solutions.

- This project has received funding from the European Union's Horizon Europe research 12
rore and innovation programme under grant agreement No 101135948
unded by

the European Union



(5 PROSPECTS™

February 2026 Patent Analysis

6. STRATEGIC IMPLICATIONS FOR EUROPEAN INDUSTRIAL POLICY

The patent landscape analysis reveals clear strategic directions for European policymakers,
funding agencies, and industrial stakeholders pursuing Industry 5.0 objectives. These
recommendations balance realism about European competitive position with ambition to
leverage European strengths and address critical gaps.

6.1. Recommended Policy Priorities

Champion European Leadership in Human-Centric Automation: European patents’
distinctive focus on worker wellbeing and human-robot collaboration represents
competitive advantage as global awareness of automation’s social impacts grows. EU
should promote European human-centric approaches through standards development,
public procurement requirements, and international cooperation frameworks. Making
human-centric automation a differentiating feature of ‘Made in Europe’ products could
create premium market positioning similar to European leadership in automotive safety or
environmental standards.

Establish Sustainability-Integrated Manufacturing as Global Benchmark: European
leadership in sustainability-integrated production systems should be amplified through
regulatory frameworks, carbon border adjustments, and sustainability reporting
requirements that favour integrated approaches over component-level greenwashing. This
leverages European regulatory leadership to create competitive advantages for European
technology providers globally.

Address Al Integration Gap Through Targeted Investment: Rather than attempting broad
Al competition with US/China, focus European Al R&D on Industry 5.0-specific applications
where European strengths apply: trustworthy Al for human-robot collaboration, Al for
sustainability optimization, Al ensuring regulatory compliance, Al supporting worker skill
development. This focused approach builds on European values and regulatory frameworks
rather than competing head-to-head in consumer Al applications where Europe lags.

Create SME Automation Access Programs: The concentration of automation patents
among large corporations and European weakness in SME-accessible solutions require
policy intervention. Options include: shared automation facilities (technology centres where
SMEs can test/use automation without purchasing), SME-focused R&D programs
developing affordable automation, licensing facilitation programs reducing patent access
barriers, and tax incentives for automation suppliers serving SMEs.

Invest in Supply Chain Resilience Technologies: European weakness in flexible
manufacturing and rapid changeover systems creates strategic vulnerability. Prioritize R&D
funding for resilience technologies with European Industry 5.0 characteristics - resilience
that maintains quality and sustainability, not purely cost-driven flexibility. Support European
development of modular, reconfigurable production systems designed for circular
economy rather than just rapid product changes.

Mandate Patent Landscape Analysis for Public R&D Funding: Require patent landscape

analysis for significant EU-funded research and innovation projects. This improves research
quality, reduces duplication, identifies collaboration opportunities, and ensures publicly
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funded research addresses genuine gaps rather than areas already well-covered by
proprietary technologies.

Monitor Industry 5.0 Patent Trends Systematically: Commission regular updates to this
analysis, tracking whether European patent activity in Industry 5.0-relevant domains
increases or declines relative to global competitors. Use this data to assess policy
effectiveness and identify emerging technology areas requiring attention. Create public
dashboards showing European competitive position trends in automation technologies.

Support European Technology Ecosystem Integration: Address European fragmentation
through programs supporting standardization, interoperability, and partnership between
specialized European technology providers. Rather than forcing vertical integration, create
frameworks enabling specialized European companies to deliver integrated solutions
collaboratively leveraging European strength in specialized excellence while addressing
disadvantages versus vertically integrated global competitors.

6.2. Sector-Specific Recommendations

Automotive: European automotive's strong patent position should be leveraged to lead
Industry 5.0 transitions globally. However, address human-centricity challenges in already
highly automated environments through worker re-skilling programs and human-centric
redesign of existing automation rather than greenfield installations.

Aerospace/Aviation: European aerospace strength (Airbus ecosystem) provides
foundation for Industry 5.0 leadership in high-precision, low-volume manufacturing.
Emphasize sustainability integration and human expertise preservation in automation
approaches, differentiating from volume manufacturing paradigms.

Energy: European leadership in renewable energy technology creates opportunities for
Industry 5.0-aligned approaches to energy infrastructure automation. Emphasize resilience
(grid stability, distributed generation) and sustainability (renewable integration, demand
management) where Europe leads globally.

Manufacturing (General): European manufacturing's emphasis on customization and
quality aligns with Industry 5.0 better than volume manufacturing approaches. Support
European manufacturers in positioning customization capability and quality focus as
advantages rather than cost disadvantages in global markets.
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7. CONCLUSION: CHARTING EUROPE'S INDUSTRY 5.0 FUTURE

This patent landscape analysis of 126,935 documents in robotics and material handling
technologies reveals a complex competitive environment where European industry
maintains strategic strengths despite facing numerical disadvantages in patent volume.
The analysis supports several overarching conclusions relevant to European Industry 5.0
strategy:

First, Contextualising Europe’s Position in Relation to Asian Patent Activity

While Asian manufacturers, particularly in China, South Korea and Japan, show higher
overall patent volumes, these figures largely reflect structural advantages in large-scale
manufacturing capacity and long-standing industrial policies. In comparison, European
countries collectively contribute around 23,000 patents, a level consistent with Europe’s
distinct industrial profile and strategic focus areas. Rather than aiming to match patent
numbers driven by different market dynamics, it is more meaningful to consider whether
European patents concentrate on technological domains where Europe can create
differentiated value and sustain global leadership.

Second, European Strengths Align Remarkably with Industry 5.0 Principles

European patents’ distinctive focus on human-centricity, sustainability integration, and
quality-critical applications precisely matches Industry 5.0's differentiation from prior
industrial paradigms. This is not coincidence but reflection of European values, regulatory
frameworks, and industrial traditions. Europe should confidently position itself as the global
leader in Industry 5.0 approaches, establishing European practices as international
benchmarks much as European environmental and safety standards shaped global
manufacturing.

Third, Recognizing Key Areas for Improvement and Strategic Action

Europe faces certain challenges in areas such as Al integration, supply-chain resilience
technologies, and automation solutions accessible to SMEs. These gaps, if left unaddressed,
may limit Europe’s ability to fully benefit from increasingly Al-driven and adaptive
manufacturing environments. A thoughtful and proactive approach is therefore needed,
including targeted R&D investments in areas aligned with European strengths such as
trustworthy and sustainability-focused Al, alongside practical licensing or partnership
models for technologies developed elsewhere. Additionally, supportive programs that help
SMEs participate in automation transitions are essential, given their central role in the
European economy.

Fourth, the EPO’s 62,809 Filings Signal Continued European Market Importance

Global companies’ continued investment in European patent protection - nearly matching
China despite Europe’'s smaller manufacturing base - demonstrates that Europe remains a
critical market and competitive arena for automation technologies. This validates European
regulatory approaches, market sophistication, and industrial relevance. Narratives of
inevitable European industrial decline are contradicted by companies’ revealed
preferences in patent strategies.

Fifth, Industry 5.0 Requires Technology Ecosystem Thinking

No single company or country holds all technologies required for Industry 5.0 transitions.
Success requires navigating complex patent landscapes, accessing complementary
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technologies through licensing or partnerships, and combining innovations from multiple
sources. European industry's traditional specialization creates both challenges (integration
complexity) and opportunities (best-in-class components from specialized providers).
European policy should facilitate ecosystem coordination rather than forcing vertical
integration where European companies cannot compete with larger American or Chinese
conglomerates.

Looking Forward: Europe’s Industry 5.0 Opportunity

The patent landscape reveals the technological terrain, but European success in Industry
5.0 transitions depends on choices made by policymakers, business leaders, researchers,
and workers. The analysis provides evidence that Europe possesses technological
capabilities for Industry 5.0 leadership in specific, strategically important domains. Whether
this potential translates to actual leadership depends on:

Confidence in European approaches rather than uncritical adoption of American or Asian
manufacturing paradigms

Strategic investment in areas where European strengths can flourish and critical gaps can
be addressed

Willingness to establish European Industry 5.0 practices as global standards through
regulatory leadership and international cooperation

Recognition that Industry 5.0 is not technology adoption but societal transformation
requiring human-centric values Europe embodies

The choice facing Europe is not whether to participate in global automation competition.
That competition is ongoing regardless of European choices. Rather, the choice is whether
Europe competes on others' terms (volume, cost, speed) where it cannot win, or whether
Europe defines new terms (human-centricity, sustainability, resilience) where European
traditions, values, and capabilities create competitive advantages. The patent landscape
suggests Europe has the technological foundation for the latter approach. What remains is
the collective will to pursue it.
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8. APPENDIX: METHODOLOGY AND DATA SOURCES
8.1. Search Strategy and Data Collection

This analysis is based on patent data retrieved from Espacenet, the European Patent Office's
comprehensive patent database, on February 2, 2026. The search employed the following

query:
(cpc = "B25J" OR cpc = "H10P72"™ OR cpc = "B65G47") AND (ctxt = "manufactur*"
OR ctxt = "produc*")

This query yielded 126,935 patent documents. The dataset represents patent families rather
than individual national filings, significantly reducing duplication and focusing analysis on
unique inventions rather than multiple filings of the same invention in different jurisdictions.

8.2. Analytical Limitations and Interpretive Caveats

Users of this analysis should understand several important limitations:

Publication Lag: Patents typically publish 18 months after filing. The most recent innovations
(filed in late 2024 or early 2025) may not yet appear in the dataset. Cutting-edge
developments may be underrepresented.

CPC Code Selectivity: Focus on B25J, HIOP72, and B65G47 emphasizes robotics,
semiconductor equipment, and material handling. Other Industry 5.0-relevant technologies
classified differently (software patents under GO6F, sensor technologies, materials science,
organizational innovations) are underrepresented. Conclusions should not be extrapolated
beyond analysed technology domains.

Patent Counts vs. Innovation Impact: This analysis treats all patents equally. However, a
single breakthrough patent may have more industry impact than hundreds of incremental
improvements. Quantitative patterns require qualitative interpretation of technological and
commercial significance.

Geographic Attribution Complexity: Multinational corporations, complex ownership
structures, and R&D distribution across borders mean applicant and inventor country data
imperfectly represent innovation origins or commercial control. Trends are meaningful;
individual attributions should be verified for critical decisions.

Industry 5.0 Terminology Gap: 'Industry 5.0' appears in very few patents. This analysis infers

relevance based on technological characteristics and application contexts. As Industry 5.0
terminology becomes more common, future analyses may reveal different patterns.
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