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Foreword

Manufacturing is at an inflection point, as the rise of artificial intelligence and digitalization 
provides a pathway to faster and more efficient production. In 2026, we’re starting to  
see digital infrastructure like artificial intelligence, digital twins, predictive analytics, and  
data-driven circular strategies being scaled and implemented with greater urgency, across  
a variety of industries.

At Protolabs, we're immersed in innovation every day. We work with aerospace engineers who 
design and problem-solve all the way to time-critical launches, for example, or with medical 
device developers helping evolve how we better treat patients. A common thread is that the 
speed at which companies are adopting AI, and other advanced technologies, is evidence of  
a sector-wide need for greater agility.

I have also observed that this shift towards accelerated digitalization is not limited to the 
ideation stage of product development, but is happening throughout the entire product life 
cycle, from the earliest concept to ramp-up and full-scale production, all the way through  
to end-of-life processes.

Protolabs’ software-first manufacturing model makes it easy to benefit from the operational 
efficiencies of AI-enabled manufacturing, while simultaneously offering the cost-saving 
advantages of parts on demand.

Every advancement in the virtual world leans heavily on human intelligence to support it.  
As a manufacturing partner, we help companies navigate the change as manufacturing moves 
beyond Industry 4.0 towards Industry 5.0. Physical prototyping and practical expertise will 
always be key components of engineering. Even the most advanced technologies still depend 
on human knowledge and experience to deliver results.

The future of our industry will be shaped by the technologies that enable companies to meet 
innovation pressures and shrink go-to-market timelines. In the same way that companies are 
striving to innovate for competitive advantage, we’re also constantly evolving our services, 
accelerating our software development, and looking ahead to manufacturing’s digitally 
optimized trajectory.

Our annual Innovation in Manufacturing report digs deeper into these themes by looking at 
each stage of the product life cycle to show the impact that emerging technology is having 
on companies bringing new products to market and the advanced manufacturing capabilities 
supporting that work. I hope you find the report as valuable as I did.
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Manufacturing is undergoing a transformation powered by new 
technologies which are changing the way that products are conceived 
and brought to market. The biggest changes are driven by a small set of 
technologies that are converging into integrated workflows throughout 
the product life cycle. As a result, this digitalization is compressing 
development time, reducing risk, enabling new geometries and materials, 
and pushing manufacturing toward smarter, more autonomous systems. 

Investment in emerging technologies is starting to deliver tangible returns. 
Manufacturers applying machine learning are three times more likely to 
improve key performance indicators compared to those that do not, with 
approximately 72% reporting reduced costs and improved operational 
efficiency.

This is a strong indication that in the future, product developers can 
feasibly explore more ideas, test concepts and deliver end-use products 
to customers faster and more reliably than ever before. 

Key Figures

of manufacturers that build machine 
learning into their processes 
report reduced costs & improved 
operational efficiency

72%
development time can be saved by 
implementing digital twin technology, 
also resulting in improved product 
performance and lower costs

20-50%
of companies are piloting co-creation 
initiatives, as collaborating with 
customers becomes more commonplace

58%

reduction in development costs and 
30% faster time to market can be 
attributed to AI-enabled digital threads

50%
of companies report delays or failure  
with bringing products to market, as  
scaling to production remains the 
biggest challenge for product developers

97%
of manufacturing leaders report 
using on-demand manufacturing for 
improved flexibility

72%
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Methodology 
This report was developed through a combination of expert input and review of existing industry knowledge. The content was  
created by experienced engineers and technical writers with backgrounds in areas such as manufacturing, AI, and product  
development. They reviewed a range of recent reports, industry data, and publicly available information to understand how the  
space is evolving, and used their own experience working with industrial companies to interpret what these changes mean in  
practice. The goal was to capture a realistic view of how manufacturing and product development are changing, from early design  
stages through to production and supply chain operations.
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Technologies Driving Change 

Advanced technologies have sped up product development by building in efficiencies at every stage.

Maturity & Production Operations
Ideation &  

Concepting
Development

Introduction & 
Growth

End-of-Life
Production

On-Demand
Production

Manufacturing is entering an increasingly digitalized era, driven by a suite of new technologies 
that result in a more intelligent, connected, and adaptive approach to manufacturing.  
Note that the trend in manufacturing is not these technologies in isolation, but Internet of 
things (IoT), for example, fused with artificial intelligence (AI) and twin environments to  
create self-optimizing operations that add value across every stage of the product life cycle.

Digital twins, or virtual 
replicas of parts, products,  
or processes, enable rapid  
iteration, real-time monitoring  
and predictive maintenance. 
Their impact is greatest 
where systems are difficult 
to validate physically, 
as they allow for remote 
troubleshooting and 
performance optimization 
without committing to 
hardware or actual parts. 

AI provides the intelligence 
layer across the life cycle, 
turning complex operational 
data into faster choices with 
less uncertainty.

Generative AI (today) and 
quantum computing (in  
the next decade) are driving 
radical innovation in product 
ideation and material 
simulation. 

�Rapid prototyping and 
additive manufacturing 
accelerate development 
cycles and enable design 
freedom.

Agile, modular, and data-
driven approaches support 
faster market entry and 
adaptability to disruptions.

�
Digital product passports 
and circular economy models  
are becoming essential for 
sustainability and regulatory 
compliance.

�Autonomous production 
systems powered by AI, IoT, 
and neuromorphic computing 
are reshaping operations. 

End-of-life processes are  
evolving into smart, 
automated, and circular 
strategies that recover value 
and reduce waste.
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The DFM cycle integrates manufacturability considerations into the design process.

Product Ideation and Concepting

The first stage of the product life cycle is where design decisions are made, so it’s no  
surprise that this is where manufacturing is undergoing the most significant changes. 
Traditional prototyping cycles are increasingly being replaced by simulation-first product 
development thanks to the introduction of several new technologies that integrate AI  
and large language models (LLMs). 

GenAI, for example, is demonstrating great potential to optimize ideation. It can explore 
thousands of design alternatives simultaneously and suggest solutions that often challenge 
human assumptions. GenAI also lowers the barrier to complex design work via natural-
language interfaces and automated CAD generation. Its adoption is accelerating rapidly.  
For example, 47% of product development teams plan to use generative AI at scale, and  
88% of organizations report applying AI in at least one business function.

Engineers are increasingly adapting a design for manufacturability (DFM) discipline, based  
on digital twins and production simulators. This ensures that products are both innovative  
and practical to manufacture at scale. Research indicates that applying design-to-cost and 
DFM principles early can cut product development time and material costs by 15% to 30%.

Design for 
Manufacturing

Concept Development

Feedback Integration Prototype Testing

Design OptimizationFinal Design

“47% of product 
development teams 
plan to use generative 
AI at scale, and 88% of 
organizations report 
applying AI in at least  
one business function.”

https://codegnan.com/generative-ai-statistics/
https://www.mckinsey.com/capabilities/quantumblack/our-insights/the-state-of-ai
https://www.modusadvanced.com/resources/blog/design-for-manufacturing-cost-reduction-strategic-decisions-that-transform-bottom-lines


© 2026 Proto Labs, Inc. 7

Many other technological advances are being used in combination with GenAI:

	 •	� Digital twins and advanced simulators make it possible to explore ideas and validate 
feasibility before building anything physical. R&D leaders claim that digital twin 
technology can reduce development times by 20-50% while improving product 
performance and reducing costs. 

	 •	 �Clean-sheet design enables products to be developed without legacy constraints  
when existing solutions are no longer fit for purpose.

	 •	 �AI-powered biodesign can analyze structures from the natural world, and translate  
their principles into manufacturable products. This is particularly useful in the medical 
and agricultural industries. 

	 •	� AI platforms like Simporter demonstrate how AI can spot emerging product attributes 
and combine them into viable concepts. These systems analyse market data,  
consumer preferences, and competitive landscapes to generate product ideas that  
align with market demands.

	 •	� An estimated 58% of businesses are piloting customer co-creation projects to  
spur innovation. Involving end-users early in the ideation process helps gather  
valuable insights, foster loyalty, and develop offerings that are well aligned with 
customer preferences.

Looking towards the future, quantum-enhanced concept development is emerging as  
a powerful catalyst for ideation, especially in the simulation of materials and complex systems. 
While still in its early stages in manufacturing applications, its trajectory is significant.  
The ability to model quantum mechanical phenomena while simultaneously managing 
classical engineering constraints will open new horizons in innovative product design.

Live-Action GenAI with NASA
NASA significantly accelerated its product development 
process using generative design, as demonstrated at  
the PowerSource Global Summit. Engineers outlined the 
qualities a specific part would need to survive the flight  
and tolerate extreme conditions on the surface of the moon. 
These were input into a generative design framework that 
allowed artificial intelligence to meet those criteria.  
The entire experiment took just 36 hours from concepting 
until Protolabs delivered the finished machined part. 

Generatively designed part, showcased at the PowerSource Global Summit. (Credit: Protolabs/NASA)

“Digital twin technology 
can reduce development 
times by 20-50% while 
improving product 
performance and 
reducing costs.”

https://www.mckinsey.com/industries/industrials/our-insights/digital-twins-the-key-to-smart-product-development
https://www.mckinsey.com/industries/industrials/our-insights/digital-twins-the-key-to-smart-product-development
https://innovation.world/clean-sheet-design/
https://www.genengnews.com/topics/bioprocessing/breaking-the-bottleneck-on-demand-biology-in-the-age-of-ai/
https://simporter.com/ai-product-concepts-how-to-build-better-ideas/
https://www.timreview.ca/article/1156
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Product Development

Once a concept is finalized, development typically involves a coordinated process of 
prototyping, testing, and optimizing. However, transitioning to full-scale manufacturing 
remains a significant challenge for most organizations. Approximately 70% of hardware 
startups fail to ever deliver a product to market, and 97% experience significant delays  
or failure during the scaling phase. 

A key change is that multiple activities can now happen at the same time rather than in 
sequence, for example, design, validation, and manufacturability assessments occurring 
concurrently rather than as sequential steps.

Several key technologies come into play here: 

	 •	� Digital twins now extend beyond geometry into multi-physics simulation, letting  
teams test thousands of operating conditions virtually. AI-driven continuous integration  
adds another layer by automatically validating modifications against performance 
criteria and known failure patterns.

	 •	� AI-driven testing platforms can execute thousands of test scenarios in parallel to  
identify potential issues and suggest optimizations in real-time. This signals a shift  
from traditional stage-gate processes to continuous optimization. 

	 •	� Product Lifecycle Management (PLM) systems centralize data management to help 
development teams to predict project completion times, identify resource bottlenecks, 
and suggest process optimizations. 

Advancements in additive manufacturing are helping engineers to evaluate designs with 
greater confidence. A recent industry survey reveals that 97% of manufacturing stakeholders 
now report using 3D printing for functional prototypes or end-use parts. The combination  
of generative design plus additive manufacturing is where the most significant performance 
gains are currently emerging.

Agile and modular development models are increasingly adopted because they absorb 
uncertainty better. When combined with AI-enabled digital threads, these approaches allow 
organizations to coordinate production more tightly, resulting in 30% faster time-to-market 
and 50% lower development costs. Modular architectures further support this agility by 
enabling customization, and reconfiguration.

Computers that Mimic the Human Brain 
Neuromorphic computing systems can process multiple 
data streams simultaneously and identify patterns in 
complex datasets that human engineers might miss. 
Brain-inspired chips like Intel’s Loihi, which processes 
data through networks of artificial “neurons,” have  
great potential for ideation and product testing.

Intel's Loihi processor. Image: Intel

“97% of manufacturing 
stakeholders now report 
using 3D printing for 
functional prototypes or 
end-use parts.”

“AI-driven testing 
platforms can execute 
thousands of scenarios 
in parallel to identify 
potential issues and 
suggest optimizations  
in real time.”

https://www.cbinsights.com/research/venture-capital-funnel-2/
https://www.cbinsights.com/research/venture-capital-funnel-2/
https://dragonboat.io/blog/responsive-product-portfolio-management-explained/
https://dragonboat.io/blog/responsive-product-portfolio-management-explained/
https://investors.jabil.com/news/news-details/2023/Jabil-Unveils-Findings-of-Global-Survey-on-3D-Printing-Technology-Trends/default.aspx
https://industrytoday.com/the-power-of-a-unified-digital-thread-in-modern-plm/
https://www.birlasoft.com/articles/ai-powered-digital-threads-weaving-intelligence-future-manufacturing
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Product Introduction and Growth

While advanced technologies give manufacturers more agility when introducing products to 
the market, the next phase in the product life cycle must contend with supply chain volatility. 
94% of companies report revenue impacts from supply chain disruptions, prompting 97% to  
actively reconfigure their networks for resilience. A massive strategic pivot is taking place: 
Reflecting a growing preference for flexibility, 72% of manufacturing leaders report using  
on-demand manufacturing to overcome barriers to innovation and scale.

Trends with enormous impact can be observed here:  

	 •	 �Consumer-to-manufacturer (C2M) models have transformed product introduction 
strategies by using customer engagement to help make decisions. They can identify 
customer preferences, predict demand patterns, and optimize production schedules 
based on real-time market signals, rather than speculative market analysis.

	 •	� Digital Product Passports (DPPs), which provide trackable information on products, 
manufacturing processes, and supply chain activities, are becoming relevant earlier in 
the cycle. Beyond traceability, they can provide sustainability metrics for transparency  
and compliance readiness. 

	 •	� AI-driven forecasting could incorporate real-time supply chain analytics, consumer 
demand trends, and external factors like geopolitical events to allow companies to 
dynamically adjust production schedules and reduce excess inventory. 

Achieving this level of adaptive forecasting requires real-time data collection and processing 
closer to the production environment. The adoption of IoT networks and edge computing 
platforms is likely to accelerate real-time data capture and low-latency analytics on the factory 
floor, helping manufacturers to process market signals at the point of production and  
respond more quickly to changing preferences.

Production becomes more agile as accurate, real-time data can drive decisions.

“Reflecting a growing 
preference for flexibility, 
72% of manufacturing 
leaders use on-demand 
manufacturing to 
overcome barriers to 
innovation.”

https://electroiq.com/stats/supply-chain-statistics/
https://wifitalents.com/customer-experience-in-the-3d-printing-industry-statistics/
https://diconium.com/en/blog/customer-to-manufacturer-model
https://www.rtinsights.com/smart-factory-changes-afoot-in-2025/
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Maturity and Production Operations

Production operations are evolving from traditional manufacturing approaches to 
sophisticated cyber-physical systems that combine AI, digital twins, and predictive  
analytics to reach new levels of efficiency.

As products reach maturity, operational excellence and long-term value creation become 
the priority. Technologies that reduce bottlenecks and foresee future issues are pivotal here. 
Lean manufacturing and Six Sigma methodologies are widely adopted at this point to drive 
efficiency, reduce waste, and maintain high quality at scale. 

New technologies can improve efficiency in several ways:

	 •	� Autonomous production systems can analyze process data, identify optimal  
parameters, and adjust operations in real time to maintain optimal performance  
with minimal human intervention.

	 •	� Digital twins can support this via scenario modeling, and optimization at system level, 
not just machine level. Adoption has moved well beyond early experimentation, with 
86% of manufacturing leaders now viewing digital twin technology as applicable to  
their operations.

	 •	� Predictive maintenance is becoming standard practice in Industry 4.0, and is helping 
companies to reduce machine downtime and save costs. By using AI to analyze every 
performance metric from vibration patterns to temperature variations, it can identify 
potential problems much earlier than in conventional maintenance practices. 

	 •	� Quality management systems can now be integrated into production operations.  
These systems can detect quality variations before they impact production, enabling 
more proactive quality management.

	 •	� Tech-enabled energy and resource optimization minimizes environmental impact by 
tracking resource consumption and identifying optimization opportunities.

In years to come, digitalized manufacturing operations will ultimately give companies greater 
adaptability and resilience in the market. Advances in neuromorphic computing could 
represent the next step in this evolution. Self-healing production systems, i.e., manufacturing 
systems that can self-diagnose and self-repair, use brain-inspired architectures to resolve 
issues before they impact production. 

Advanced automation and robotics support more predictable manufacturing operations. 

“Predictive maintenance 
is becoming standard 
practice in Industry 4.0, 
and is helping companies 
to reduce machine 
downtime and save costs.”

https://www.mckinsey.com/capabilities/operations/our-insights/digital-twins-the-next-frontier-of-factory-optimization
https://www.nature.com/articles/s41467-025-57352-1
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End of Product Life

New technologies have automated many end-of-life processing operations. As an example,  
automated disassembly systems can separate complex products into component materials, 
while AI-powered quality control systems ensure recovered materials meet reuse specifications.

Sustainability is another key focus in this phase. Recycling and take-back initiatives can 
help organizations reduce environmental impact, and support circularity and regulatory 
compliance. Data shows that remanufacturing a product saves about 85% of raw materials  
and 55% of the energy required to produce a new one. This reflects the growing importance  
of both supply chain and material performance considerations in end-of-life strategies.

Technological innovation at the end-of-life stage occurs in several ways:

	 •	 �DPP systems play a key role by maintaining a digital record of product composition, 
repair history, and disassembly pathways.

	 •	� Advanced material recovery systems leverage AI and robotics to get materials ready  
for reuse. These systems use computer vision, spectroscopic analysis, and machine 
learning algorithms to distinguish between different material types, grades, and 
contamination levels.

	 •	� Tech-enabled remanufacturing can restore products to “like-new” condition while 
retaining valuable materials and components. Powered by diagnostic systems, precision 
manufacturing technologies, and quality control processes, this technology helps 
create products that meet or exceed original specifications. Companies implementing 
remanufacturing programs report considerable cost reductions when compared to  
new product manufacturing without any essential loss in quality and performance.

	 •	� The regulatory landscape is evolving with new requirements for product end-of-life 
management. For example, the European Union's Ecodesign for Sustainable Products 
Regulation (ESPR) introduces rules for unsold product destruction and disclosure of 
product disposal.

	 •	� Predictive analytics also helps manufacturers anticipate return volumes and plan 
recovery capacity before bottlenecks hit.

The future of end-of-life production will be shaped by emerging technologies including 
molecular recycling, biotechnology applications, and advanced materials science. These 
innovations will enable more sophisticated material recovery processes and will create  
new possibilities for resource regeneration. Combining these with circular economy  
principles creates the potential for closed-loop resource cycles which maximise resources  
and minimize waste. Digital intelligence will play a critical role in realizing these systems,  
with AI-driven recycling solutions projected to save the industry $10 billion annually by 2030. 

Designed to Decompose
PUMA athletics company is an early pioneer of cradle-to-cradle design, achieved using 
advanced modeling and data-driven life cycle analysis. The innovative InCycle sneakers 
use biodegradable polymer in the sole. They are 97% compostable, consume less water, 
and generate a lower carbon footprint than conventional sneakers.

“AI-driven recycling 
solutions are projected  
to save the industry  
$10 billion annually  
by 2030.”

https://www.sciencedirect.com/science/article/pii/S235197892100144X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2352550921000567?via%3Dihub
https://news.sustainability-directory.com/circularity/remanufacturing-proves-most-sustainable-business-model-saving-eighty-five-percent-raw-materials/
https://www.mdpi.com/2071-1050/16/1/396
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32024R1781&qid=1719580391746
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32024R1781&qid=1719580391746
https://www.sciencedirect.com/science/article/abs/pii/S0959652621025580?via%3Dihub
https://www.recyclingtoday.org/blogs/news/ai-in-recycling-how-smart-tech-is-revolutionizing-waste-management
https://www.ebsco.com/research-starters/business-and-management/cradle-cradle-design
https://www.texspacetoday.com/project-resuede-pumas-biodegradable-compost-sneaker/
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Embracing Industry 5.0

While these tools accelerate early-stage exploration and decision-making, physical 
prototyping and engineering expertise remain essential for validation and market readiness. 

The future of product ideation lies in collaborative intelligence, which involves the seamless 
integration of human creativity and AI capabilities. For example, human-robot collaboration 
will likely continue to improve, potentially incorporating physiological monitoring systems that 
can anticipate human intentions. This supports more intuitive and efficient manufacturing that 
aligns with Industry 5.0. This approach is grounded on augmenting human insights rather than 
replacing them. 

Across the product life cycle, Protolabs acts as a trusted manufacturing partner that helps 
customers test out digitally optimized product innovation. Its processes help engineers move 
quickly through product development by turning ideas into functional parts that meet the 
requirements of tightly regulated industries. 

During concepting and ideation, Protolabs’ services help customers assess feasibility 
via automated DFM analysis. At the product development stage, rapid prototyping and 
consultative design offer an efficient way to validate designs. The manufacturer helps fast-
track market introduction with flexible low-volume production, and reduce supply chain risks 
with geographically distributed manufacturing. When production is ready to scale, Protolabs’ 
advanced capabilities support high-volume manufacturing of complex parts. On-demand 
production completes the circle as products reach end of life, minimizing inventory costs by 
manufacturing only what is needed. 

Find out more about Protolabs’ solutions built to fit the entire manufacturing journey. 

Cobots that work alongside human operators are an example of Industry 5.0 in practice. 

https://ieeexplore.ieee.org/document/9341369
https://www.protolabs.com/resources/product-life-cycle/
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