
China’s STEM Flywheel 
and Europe’s TRL Trap

Why 
Innovation 
Pipelines 
Now Matter 
More Than 
Ideas

Shady Attia Sustainable Building Design Lab 



 Attia, S. (2026). China’s STEM flywheel and Europe’s TRL trap: Why innovation pipelines now matter more than ideas 

(Working paper). Sustainable Building Design Lab, University of Liège. https://orbi.uliege.be/handle/2268/339196 

China’s STEM Flywheel and Europe’s TRL Trap 

Why Innovation Pipelines Now Matter More Than Ideas 

Shady Attia 

Sustainable Building Design Lab, Department UEE 

Faculty of Applied Sciences, University of Liège, Belgium 

Abstract 

By early 2026, global innovation performance will be increasingly determined by the 

structure and continuity of national innovation pipelines rather than by isolated scientific 

breakthroughs. This working paper analyzes the growing asymmetry between China and 

Europe in the production, translation, and deployment of engineering knowledge. China’s 

post-1999 expansion of higher education has matured into a large-scale STEM talent pipeline 

that is tightly coupled with manufacturing capacity and real-world deployment environments. 

Europe, while maintaining strong performance in early-stage research and regulatory 

frameworks, continues to experience structural bottlenecks in technology translation, 

particularly at intermediate and late Technology Readiness Levels (TRLs). The paper 

examines how these differences shape innovation outcomes in climate technologies, the built 

environment, and urban systems, where rapid experimentation, validation, and scaling are 

increasingly decisive. It argues that future competitiveness will depend less on idea 

generation and more on the ability of systems to learn quickly through dense feedback loops 

connecting education, experimentation, and deployment. 

Keywords 

STEM education 

Innovation pipelines 

Technology readiness levels (TRL) 

China–Europe comparison 

Engineering systems 

Climate technologies 

Built environment 

Urban systems 

Technology deployment 

Scaling and validation 

1. Innovation Pipelines as Strategy 

By early 2026, the global innovation map will be redrawn less by slogans or individual 

breakthroughs and more by pipelines. These pipelines determine who produces technical 

talent at scale, who can test ideas under real-world conditions, and who can convert 

prototypes into deployment. Innovation performance is increasingly a system property rather 

than an individual one. 
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The comparison between China and Europe reveals a measurable asymmetry. China has 

constructed a dense and continuous pipeline linking education, applied research, 

manufacturing, and deployment. Europe, by contrast, remains strong at discovery and 

regulation but structurally weak in translation, validation, manufacturing coupling, and 

scaling. The objective of this paper is not to valorize one system over another, but to diagnose 

how pipeline structure shapes outcomes in engineering-dominant domains. 

2. China’s STEM and Engineering Talent Flywheel 

China’s higher education expansion, initiated in 1999, has matured into an unprecedented 

system for producing talent. By the mid-2020s, China will produce approximately 11.8 

million university graduates annually, of which around 4.7 million are STEM graduates. 

Within this group, approximately 1.5 million engineering graduates are produced each year, 

contributing to an estimated engineering workforce of about 5 million. 

This scale matters because innovation in engineering-dominant fields does not rely solely on 

elite outliers. It depends on the density of competent engineers capable of rapid iteration, 

specialization, and parallel problem solving. As graduate cohorts compound year after year, 

outlier innovations increasingly become statistical outcomes rather than rare events (Xiao, J. 

(2025).  

The filtering mechanism is also structural. China’s centralized examination system, despite 

well-known limitations, functions as a large-scale meritocratic filter in mathematics and 

sciences. This produces a steady inflow of technically trained graduates, many from non-elite 

backgrounds, who are prepared for engineering-intensive roles rather than service or financial 

sectors. 

3. Engineering Workforce Density: China, Europe, and 

Belgium 

The pipeline asymmetry becomes clearer when examining engineering workforce data. In 

2025, China produces approximately 1.5 million engineering graduates annually, compared 

with about 650,000 in the EU-27. The estimated engineering workforce stock is roughly 5 

million in China, compared with around 3 million in the EU-27, despite comparable 

population sizes. 

At the national level, the imbalance is even more visible. Belgium produces approximately 

3,500 engineering graduates per year and has an engineering workforce of around 120,000, 

yet faces an annual shortage exceeding 10,000 engineers. Shortages are particularly acute in 

semiconductors, advanced manufacturing, and emerging fields such as quantum technologies. 

At the same time, STEM enrollments in several European countries are stagnating or 

declining. 

This mismatch illustrates Europe’s central challenge. The issue is not the quality of engineers 

or universities, but rather an insufficient scale relative to industrial ambition, combined with 

weak alignment among education, industrial strategy, and deployment needs. 
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4. From Ideas to Deployment: Why China Moves Faster 

After TRL 3 

China’s advantage is not simply the number of engineers. It lies in the coupling of 

engineering capacity with manufacturing and deployment environments. Once a domain 

becomes engineering-dominant rather than discovery-dominant, progress depends on three 

capabilities: 

1. Prototype bandwidth, defined as the ability to build and test many variants quickly. 

2. Validation access, meaning the ability to run pilots in real settings with measurement, 

iteration, and tolerance for imperfection. 

3. Scale mechanics, including supply chains, contract manufacturers, and industrial 

ecosystems capable of rapidly absorbing new designs. 

This code-to-factory loop is visible in batteries, photovoltaics, electric mobility, sensing 

hardware, and industrial artificial intelligence. Even in artificial intelligence, where 

foundational research is globally distributed, downstream advantage increasingly comes from 

access to compute infrastructure, large datasets, and deployment at scale. 

Patent data reflects this pattern. China accounts for a dominant share of global generative AI 

patent filings over the past decade. While patents do not equate to products, sustained high-

volume filing correlates with organized R&D effort and institutional incentives oriented 

toward scaling. 

5. Europe’s TRL Trap 

Europe exhibits a recurring pattern across technology domains. Early-stage science is strong 

at TRL 1–3, but persistent friction appears at TRL 4–7, where demonstration, integration, and 

validation are required. Progress slows further at TRL 8–10, where commercialization and 

large-scale deployment occur. 

The constraints are structural rather than technical: 

• Risk governance penalizes failure even when failure is intrinsic to learning. 

• Procurement and permitting processes are slow and legally exposed, discouraging 

experimentation. 

• Capital structures provide limited late-stage financing for scale-up compared with 

the United States or China. 

• Market fragmentation across member states prevents rapid continental-scale 

deployment. 

As a result, Europe frequently funds the birth of ideas, starves them during adolescence, and 

imports their adulthood. 

6. Sectoral Evidence: Made in China 2025 versus Europe 

Across the strategic fields targeted by Made in China 2025, a consistent pattern emerges. 

China now leads in most sectors where success depends on manufacturing scale, supply-
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chain control, and rapid deployment, including advanced ICT and semiconductors, robotics 

and CNC machinery, shipbuilding, high-speed rail, electric vehicles and batteries, electrical 

power equipment, and large segments of new materials industrialization. 

Europe retains clear leadership in only a limited number of domains, notably civil aerospace, 

biopharmaceuticals, and high-end medical devices, where certification, safety, and regulatory 

sophistication are decisive. In areas such as agricultural machinery and advanced materials 

research, Europe remains competitive but fragmented, while China continues to close the gap 

through coordinated industrial scale-up. 

This comparison reinforces the core diagnosis. Europe’s weakness is not technical 

excellence, but insufficient coordination, scale, and long-term alignment between education, 

industry, and deployment. 

7. Implications for Buildings, Cities, and Climate 

Technologies 

In the built environment, the coming decade will be driven by high-resolution urban data, AI-

assisted design and operations, and climate-resilient cooling strategies that require validation 

at the city scale. These domains reward systems that can deploy sensing infrastructure, run 

large pilots, and iterate quickly. 

China’s cities increasingly function as living laboratories for multimodal sensing, 

operational-scale microclimate modeling, AI-driven optimization of energy and comfort, and 

rapid testing of cool materials, shading systems, and nature-based solutions. Europe, despite 

strong scientific expertise and regulatory frameworks, often lacks the experimental capacity 

to operate at comparable scales and speeds. 

8. Compute, AI, and Emerging Technologies 

Quantum computing will not replace building performance simulation in the near term. 

However, it is relevant to optimization under uncertainty, large combinatorial design spaces, 

and real-time control of complex cyber-physical systems. China’s broader investments in 

compute and frontier R&D, combined with its willingness to fund large technical programs, 

are already reshaping global research dynamics. U.S. media coverage has highlighted 

emerging shifts in scientific talent flows and incentives. 

In the short term, artificial intelligence remains the dominant lever. Countries that combine 

data availability, sensing infrastructure, and deployment ecosystems will lead the applied AI 

in urban climate, energy systems, and building operations. 

9. Conclusion 

This working paper demonstrates that innovation outcomes are increasingly determined by 

the structure and density of innovation pipelines rather than by excellence at the idea stage 

alone. The comparison between China and Europe shows that sustained investment in 

engineering talent, coupled with manufacturing and deployment capacity, enables rapid 

progression once technologies become engineering-dominant. 
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Europe’s challenge is not a lack of knowledge or creativity, but a weak conversion layer 

between research and deployment. Addressing this gap requires treating mid-TRL activities 

as first-class scientific and policy objects, supported by dedicated funding, experimentation-

friendly governance, and coordinated industrial strategy. For climate technologies, the built 

environment, and urban systems, the capacity to learn quickly under real-world conditions 

will be decisive. 

References  

Atomico. (2024). The state of European tech 2024. Atomico. 

https://stateofeuropeantech.com/2024 

Draghi, M. (2024). The future of European competitiveness. European Commission. 

https://commission.europa.eu 

European Commission. (2023). Education and training monitor 2023. Publications Office of 

the European Union. https://op.europa.eu/webpub/eac/education-and-training-

monitor/en/index.html Publications Office of the EU 

Northrop, K., & Lu, R. (2025, November 6). Why Trump’s cuts to scientific research are a 

big win for China. The Washington Post. 

https://www.washingtonpost.com/world/2025/11/05/china-brain-gain-united-states-scientists/ 

Reuters. (2024, March 9). China warns overall pressure on employment yet to ease. Reuters. 

https://www.reuters.com/world/china/china-says-overall-pressure-employment-yet-ease-

2024-03-09/ Reuters 

Reuters. (2024, November 14). Record number of students to graduate college in China in 

2025. Reuters. https://www.reuters.com/world/china/record-number-students-graduate-

college-china-2025-2024-11-14/ Reuters 

U.S. National Science Foundation. (2023). Science and engineering indicators 2023. 

National Science Board. https://ncses.nsf.gov/ WIPO 

World Intellectual Property Organization. (2019). WIPO technology trends: Artificial 

intelligence (WIPO Publication No. 1055). 

https://www.wipo.int/publications/en/details.jsp?id=4745&utm_source=chatgpt.com WIPO 

Xiao, J. (2025, February 20). China’s STEM surge: How a talent pipeline is reshaping global 

innovation. LinkedIn. Retrieved January 15, 2026, from 

https://www.linkedin.com/pulse/chinas-stem-surge-how-talent-pipeline-reshaping-global-

jimmy-xiao-pzhzc/ 

 

https://commission.europa.eu/
https://op.europa.eu/webpub/eac/education-and-training-monitor/en/index.html?utm_source=chatgpt.com
https://op.europa.eu/webpub/eac/education-and-training-monitor/en/index.html?utm_source=chatgpt.com
https://op.europa.eu/webpub/eac/education-and-training-monitor/en/index.html?utm_source=chatgpt.com
https://www.washingtonpost.com/world/2025/11/05/china-brain-gain-united-states-scientists/?utm_source=chatgpt.com
https://www.reuters.com/world/china/china-says-overall-pressure-employment-yet-ease-2024-03-09/?utm_source=chatgpt.com
https://www.reuters.com/world/china/china-says-overall-pressure-employment-yet-ease-2024-03-09/?utm_source=chatgpt.com
https://www.reuters.com/world/china/china-says-overall-pressure-employment-yet-ease-2024-03-09/?utm_source=chatgpt.com
https://www.reuters.com/world/china/record-number-students-graduate-college-china-2025-2024-11-14/?utm_source=chatgpt.com
https://www.reuters.com/world/china/record-number-students-graduate-college-china-2025-2024-11-14/?utm_source=chatgpt.com
https://www.reuters.com/world/china/record-number-students-graduate-college-china-2025-2024-11-14/?utm_source=chatgpt.com
https://ncses.nsf.gov/
https://www.wipo.int/en/web/technology-trends?utm_source=chatgpt.com
https://www.wipo.int/publications/en/details.jsp?id=4745&utm_source=chatgpt.com
https://www.wipo.int/publications/en/series/index.jsp?id=237&utm_source=chatgpt.com
https://www.linkedin.com/pulse/chinas-stem-surge-how-talent-pipeline-reshaping-global-jimmy-xiao-pzhzc/?utm_source=chatgpt.com
https://www.linkedin.com/pulse/chinas-stem-surge-how-talent-pipeline-reshaping-global-jimmy-xiao-pzhzc/?utm_source=chatgpt.com


Sustainable Building Design Lab 


