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Boosting circularity: GEAR‑UP aims for up to 50% CO₂
emission reduction in manufacturing 
The European project GEAR-UP addresses the challenge of circularity within
manufacturing, achieving CO₂ emissions reductions of 25–50%, cutting
material waste by 25–30%, reducing component weight by up to 30%,
lowering defects by 50–80%, and extending the fatigue lifetimes of
hydroturbine components by 50–80%. These KPIs represent key project-level
objectives across the different project activities and use cases, contributing to
more circular and sustainable manufacturing systems. In addition, GEAR-UP
delivers dedicated training programmes tailored to upskill and reskill the
workforce, while producing high-performance components from recycled
metals and polymers.

Milan - Italy, 17 March 2026 – One of the biggest challenges in circular manufacturing
is ensuring that recycled materials can consistently meet industrial performance
standards. 

Launched in October 2024 as a Coordination and Support Action and funded under
Horizon Europe with a budget of €5.99 million, the GEAR-UP project combines
advanced additive manufacturing techniques with AI-driven life-cycle assessment
(LCA) and simulation-driven design. The project focuses on recycled stainless steel,
aluminium alloys and fibre-reinforced plastics, tackling variability and traceability
issues that have traditionally limited industrial adoption of secondary raw materials. 
Through intelligent design, digital tools and advanced simulations, GEAR-UP helps
manufacturers tackle variability in recycled materials and reduce their reliance on
virgin resources, thereby cutting energy consumption and lowering greenhouse gas
emissions.     
Among the digital tools developed are:  

AI-powered life-cycle assessments (LCAs) for 3D-printed parts to measure
environmental impact 
Material and process simulations that account for variations in recycled metals
and plastics 
Smart data models and knowledge graphs that track lifecycle information in a
structured way 
Simulation-driven design using advanced techniques to optimize parts before
production.
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These innovations translate into measurable environmental benefits. For instance,
recycling of metals leads to less dependence on metallic ores as well as reduction in
CO₂ and energy. Recycling of textiles and composite materials conserves water and
CO₂. 
industrial use cases demonstrate practical impact 

Robotic grippers – PBF-LB (ALSi10Mg aluminium):Traditionally made from titanium
by 3D Production, robotic grippers are now produced from recycled aluminium using
laser-based powder bed fusion (PBF-LB). Components may be slightly bulkier than
titanium equivalents but retain full functionality.

Hydropower turbines – DED-LB/W (13-4 stainless steel): Recycled stainless steel is
applied in laser-based directed energy deposition (DED-LB/W) to repair Pelton
turbine components. Additive repair of forged components extends their lifetimes
and reduces material consumption by up to 80–95% compared to full replacements.
The process can also be used to produce new parts.

High-performance composites – ME-FRP (recycled PET reinforced with CF and
TiO₂): Recycled plastics are transformed into filaments reinforced with carbon fibres
and titanium dioxide nanoparticles. This composite material can then be used for 3D-
printed components such as cogwheels for electric snowmobiles. The components
are lightweight and wear-resistant, and are additionally able to withstand extreme
temperatures, moisture, UV exposure, and snow abrasion. 

Some of the challenges in use-cases include controlling impurities, powder particle
size distribution, and minor chemical variations. 

Who can benefit 
GEAR-UP delivers value across the manufacturing ecosystem. Original Equipment
Manufacturers (OEMs) can produce longer-lasting, higher-quality products while
reducing costs, waste, and energy use. Technology suppliers gain new tools and
methodologies for flexible, efficient production. Universities and research centres can
build on validated data to advance research on circular manufacturing. Policy
makers and industry associations receive concrete evidence that circular
manufacturing works on an industrial scale, supporting greener and more resilient
industrial policies. Consumers benefit from eco-friendly, high-performance products
that have a lower environmental impact. 
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Preparing the workforce for circular manufacturing 

GEAR-UP works to equip engineers and operators with the skills needed to implement
circular manufacturing solutions. Its hands-on curriculum will cover key areas such as
simulation and digital engineering, digital architecture, system integration, AI-driven
life-cycle assessment (LCA), additive manufacturing standards, circular design, and
process optimisation. 
Participants will learn how to optimise 3D printing using recycled metals and polymers,
while ensuring traceability, reducing environmental impact, and designing durable,
reusable products. This training will help build a workforce capable of scaling circular
manufacturing across the robotics, energy, and mobility sectors. 

Demonstrating how circular manufacturing can reduce emissions, save resources,
and deliver high-performance products:

By combining measurable environmental impact, industrial innovation, and workforce
development, GEAR-UP demonstrates that the circular economy can deliver high-
performance solutions while strengthening Europe’s competitiveness and supporting
sustainable manufacturing at scale. 

Stay up to date with the latest developments, news, and project milestones
on the GEAR‑UP website and on our social media channel.
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