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Executive summary

This white paper – written by a team of experts from Radboud University, University of Groningen, 
Delft University of Technology, Eindhoven University of Technology, University of Twente, AMOLF, 
CWI and SURF – provides insight in the necessity and potential of neuromorphic computing for the 
Netherlands. Our aim is to create synergy between the expertise in both the public and the private 
parties in The Netherlands, and to put neuromorphic computing on the map as a key technology for 
energy-e�cient computing. 

Neuromorphic computing is a paradigm that draws inspiration from the structure and functioning 
of the human brain, in particular the co-location of data storage and data processing. This strongly 
reduces the amount of data transfer and therefore signi�cantly increases the speed of computing 
while simultaneously reducing its energy consumption. It can, therefore, play a key role in data 
analysis in many �elds. In addition, the development of expertise and neuromorphic data processing 
capabilities would limit the need to transfer privacy-sensitive data and would improve digital 
sovereignty.

Innovation in neuromorphic computing is dependent on developments in six key areas:
1. Materials
2. Devices
3. Circuit Design
4. Hardware Architecture
5. Algorithms
6. Applications

In the Netherlands, there is a strong and diverse academic community and multiple start-ups 
covering those areas of expertise.  To consolidate and expand the already strong Dutch position in 
neuromorphic computing, it will be crucial to de�ne a world-wide unique �agship on neuromorphic 
computing. This implies a transformation to a more concerted research e�ort and a cohesive 
community focused on a common goal. Therefore, our ambition beyond the white paper is to create 
a coalition ‘Neuromorphic computing NL’ and develop a roadmap for a collaborative e�ort towards 
future-proof energy-e�cient computing. 
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Why do we need neuromorphic computing?

Information technology (IT) forms the backbone of the digital and knowledge-driven economy in 
the Netherlands. With the evolving digitalization, expansion of social media and arti�cial 
intelligence, this dependence has been rapidly growing to unsustainable levels. As a result, major 
problems emerge due to the associated energy costs and climate impact, which are particularly 
pressing in the Netherlands considering the limited physical space and power grid capacity available 
for data centers [Woo22]. Moreover, the evolving digitalization and its rapid expansion results in 
privacy and security issues, and leads to increasingly reliance on IT-expertise outside the 
Netherlands and even outside the EU, limiting sovereignty.

Neuromorphic computing has enormous potential for very fast and extremely energy-e�cient data 
processing. It can, therefore, play a key role in data analysis in many �elds, like for example in 
healthcare, sustainable food supply for the expanding world population, failure analysis of the 
power grid as well as for growth in key parts of the Dutch economy, such as for diagnosis of 
maintenance tasks in logistics. At the same time, neuromorphic computing allows applications such 
as evaluations of high-dimensional problems or cryptography that are simply impossible or too time 
and power consuming with standard approaches. In addition, the development of expertise and 
neuromorphic data processing capabilities would limit the need to transfer privacy-sensitive data 
and improves digital sovereignty. 

What is neuromorphic computing?

Neuromorphic computing is a paradigm that draws inspiration from the structure and functioning 
of the human brain, in particular its small power consumption (~20 Watt), which is only a tiny bit as 
compared to the vast 50 million Watt consumed by supercomputers. The energy-e�ciency of the 
human brain is enabled by doing data storage and data processing literally at the same place. This 
strongly reduces the amount of data transfer between spatially separated storage and processing 
components present in current digital hardware and, therefore, allows for massively parallel 
calculations. Hence, computations are completed very fast and data processing becomes extremely 
energy-e�cient. The main goal of neuromorphic computing is to realize this potential for fast and 
energy-e�cient information processing in non-biological yet brain-inspired computers. 
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For neuromorphic computing, di�erent materials are needed than those used for the transistors of 
digital computers. For example, materials with adaptive properties to mimic the synapses of the 
human brain. Devices are components with a given functionality. This can be a switch, a memory 
element and also a sensor or arti�cial neuron. Multiple devices have to be integrated for which 
neuromorphic circuit design is needed. Moreover, new hardware architectures have to be 
developed to realize a computing chip, featuring either fully neuromorphic or a combination of 
digital and neuromorphic circuits. 

Algorithms of digital computers de�ne the manner in which the computer is programmed and 
interacts with the environment. For digital computers there is a strict separation between software 
algorithms and hardware. For neuromorphic computing this seperation is less clear and they are 
often developed and designed together. Moreover, the way neuromorphic computers are 
programmed is di�erent. They are essentially learning machines, just as the human brain, and they 
become better and better by training them with data.

Applications also play a special role in neuromorphic computing. It is not expected that 
neuromorphic computing will directly replace existing digital computers. It will rather have 
advantages for speci�c tasks that are highly demanding in terms of the amount of data,  response 
time or the available energy. Especially tasks that involve pattern recognition and classi�cation are 
very suited for neuromorphic computing. For example, fraud detection for credit card transactions 
in mobile payment terminals and image analysis by robots and on drones, with potentially huge 
business opportunities in, for example, health, logistics and food production. 

Neuromorphic computing includes several di�erent aspects as illustrated in Figure 1 and brie�y 
explained below:
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Speci�c tasks at data centers can bene�t from neuromorphic computing as well, since the 
dependence of the computational cost on the complexity of the problem changes fundamentally 
by performing all required computations simultaneously in a neuromorphic hardware. As a result, 
certain large computations that are completely impossible on existing digital hardware, may 
become feasible with neuromorphic computing. This has applications in, for example, cryptography 
and for evaluations of high-dimensional problems.

What is the current position of the Netherlands? 

The Netherlands o�ers a fertile ground for fostering signi�cant societal and economic activity based 
on neuromorphic technologies [Con24]. The country boasts unique boundary conditions 
(Amsterdam Internet exchange point, strong datacenter industry) and an excellent ecosystem to 
foster technology transfer (TNO, IMEC) with several startups already entering the market (e.g. 
Innatera, AxeleraAI, GrAI Matter, IMChip, HourSec). Moreover, there is a strong and diverse academic 
community with several key actors (including CogniGron at the University of Groningen, 
MESA+/BRAINS at University of Twente, Radboud Neuromorphic Computing Initiative in Nijmegen, 
Hendrik Casimir and Arti�cial Intelligence Systems Institutes Eindhoven, Faculty of EEMCS at TU 
Delft, CWI, and AMOLF), which is key to sustain long-term innovation. These are also involved in a 
�rst collaborative national program, NL-ECO, and the collaborative academic platform Mission 10-X, 
that aim at energy-e�cient computing and in which neuromorphic computing plays a key role. The 
speci�c distribution of expertise is shown in Figure 1 above. Furthermore, a summary of the key 
aspect of neuromorphic computing is provided in the appendices, in which leading scientists from 
Dutch research institutions describe the state-of-the-art and new developments.
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What is the international neuromorphic computing landscape?

What is the next step for neuromorphic computing in the Netherlands?

To consolidate and expand the already strong Dutch position in neuromorphic computing, it will be 
crucial to de�ne a world-wide unique �agship on neuromorphic computing. This implies a 
transformation to a more concerted research e�ort and cohesive community focused on a common 
goal. To realize this goal we have to leverage the existing key expertise in neuromorphic computing 
and enhance connections between di�erent levels of technological readiness. Simultaneously, such 
a common goal should bene�t from already existing coalitions in semiconductors and emerging 
technologies like quantum, arti�cial intelligence and photonics (see info boxes) and conceptualize a 
technological integration perspective in which neuromorphic and other technologies can 
collaborate to address common challenges. 

We recognize the recommendations of the survey by the Topsector ICT [con24] and emphasize that 
this whitepaper is a �rst important step to gather the full community in NL. To further develop a joint 
roadmap, we propose to form a coalition with all relevant parties and in close collaboration with the 
Topsector ICT and TNO formulate alignment with the National Technology Strategy. In addition, to 
strengthen the R&D position, we stress the importance of stable research funding and sustainable 
business climate for startup companies. Finally, valorization will be greatly accelerated by realizing 
publicly accessible neuromorphic infrastructure for testing and benchmarking the most promising 
applications, both in scienti�c and in societal and industrial applications. 

Many countries are currently investing in neuro-
morphic computing, both at fundamental and 
more applied levels [Meh22]. Key players in Europe 
are Switzerland (Institute for Neuroinformatics); 
Spain (IMS-CSIC); Germany (Aachen (NeuroSys 
[Lem23]), Juelich (Jülich Neuromorphic Compu-
ting Alliance (JUNCA)), Frankfurt (IHP-Microelec-
tronics), Dresden (SpiNNAker 2, NAMLAB), Kiel 
(Neurotronics) and Muenster (Hybrain)); UK (Man-
chester, UCL, Cambridge [cam24]); and France 
(CEA-LETI, CNRS). In 2024, neuromorphic compu-
ting systems made their debut in the international 
high-performance computing landscape outside 
the EU. The Australian International Center for 
Neuromorphic Systems has announced Deep South, the world’s largest neuromorphic 
supercomputer capable of 228 trillion synaptic operations per second. Furthermore, Japan 
(RIKEN-CCS) is exploring neuromorphic computing and in USA Intel has released Hala Point to utilize 
sparse connectivity and event activity, and major programs run at IBM (HERMES core, TrueNorth and 
Northpole chips), Stanford (Brains-in-Silicon) and Sandia National Labs. 
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Neuromorphic computing and Arti�cial Intelligence (AI)
Contemporary AI shows the potential of large parameterized models in real-world 
applications. In digital computers, power costs are staggering, both for training and 
public use of tools such as ChatGPT. However, the basic computations of AI can be 
realized potentially even faster on neuromorphic hardware and with extremely low 
power requirements. Therefore, processing can be done “at the edge”, i.e. very close 
to where the data is produced.

Neuromorphic computing and Quantum technologies 
Many societal challenges would bene�t by leveraging the complementary strengths 
of neuromorphic and quantum computing. For example, the discovery of new 
pharmaceutical drugs: �rst, neuromorphic computing analyzes vast databases of 
chemical structures and biological data to identify interactions and provide a list of 
potential drug candidates. Next, quantum computing accurately simulates and 
optimizes molecular structures to enhance their therapeutic properties and shorten 
development times.

Neuromorphic computing and Photonics
The current development in photonic integrated circuits, together with novel 
functional materials, can provide multi-state modulation in the transmission of light, 
while maintaining the state after the power is turned o�, allowing for both 
processing and memory, thus representing e�ective optical synaptic devices. When 
ultra-fast and high-bandwidth communication is required, in combination with local 
information processing, optical neuromorphic computing brings unique advan- 
tages.

Neuromorphic computing and Semiconductor technologies
Some neuromorphic circuits are already manufactured using standard 
semiconductor processes, demonstrating their viability in conventional CMOS 
technology. Upcoming materials and device structures, designed to be 
CMOS-compatible, will further support scalable, e�cient integration. The near 
future likely lies in hybrid approaches that combine traditional semiconductor 
technology with novel neuromorphic components to maximize performance and 
adaptability.
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