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SUMMARY 

 
 
Our sustainable future very much relies on the power of computing. Whether it concerns the devel-
opment of clean energy sources, making the food chain more sustainable, or water management 
that is resistant to drought, salinisation and rising sea levels, the challenges to building a sustainable 
society are tremendous. Computational sciences are uniquely capable of providing insight into 
and getting a grip on these issues. 
 
This National Agenda illustrates how the discipline can grow to pave the way for the innovations 
that make a sustainable society possible. An interdisciplinary field for interdisciplinary issues: 
computational sciences draw their inspiration from scientific and societal domains, and use math-
ematical models and advanced algorithms to answer those questions efficiently. 
 
The Netherlands is excellently positioned for breakthroughs in five strategic focus areas in global 
computational sciences. Together, they form the tools to tackle the challenges in the highly inter-
connected issue of sustainable water, food and energy: 
 
- Multiscale modelling and simulation: how do we predict the behaviour of large-scale and complex 

systems, in which different length and time scales communicate with each other? 
 
- Data-driven methods: how do we distil good models from large amounts of data to enable insight, 

design and control/intervention? 
 
- Ultra-fast computer simulations through machine learning: how do we use this computationally 

intensive technique to enable extremely accurate and complex calculations? 
 
- Uncertainties and sensitivity analysis: how can we properly assess the reliability of computer 

models? 
 
- Energy-efficient computing: how can the carbon footprint be reduced through savings in the 

computational area itself? 
 
Significant progress in each of these areas is the precondition for making computational science a 
game-changer in sustainability issues. 
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The Netherlands has a strong position in computational sciences in higher education, and has a 
solid infrastructure for large simulations. This Agenda identifies opportunities and challenges to 
bring the broad discipline together, in terms of knowledge exchange between the different computa-
tional sciences (community building), strengthening the training capacity of computational scientists 
(HBO, WO and PhD students) and the expansion of large university computing clusters. This requires 
an investment impulse that also stimulates research in the five strategic focus areas. In this way, 
the five strategic focus areas will be accelerated to the level required to meet the challenges in 
water, food and energy. 
 
The Netherlands faces major challenges on its way to a sustainable future. The computational 
sciences want and can be the key enabler that realises innovations and technologies to make that 
future a reality. 
 
 

—  
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‘At the Netherlands eScience Center, we reuse many of the insights, 
methodologies and software tools developed by the Dutch computational 
science community to help researchers across all disciplines.’ 

– Rob van Nieuwpoort, Director of Technology, Netherlands eScience Center
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WHY THIS NATIONAL AGENDA? 

 
 
This national agenda maps out the power of and opportunities for computational sciences in the 
Netherlands as a key enabler for a sustainable society in line with the mission-driven Top Sectors 
and Innovation Policy and with the United Nations Sustainable Development Goals. The strong 
strategic commitment to sustainability stimulates innovation within computational sciences as 
well as the societal impact of research. The Netherlands can rely on world-leading computational 
research groups that successfully collaborate with the business community. By strengthening this 
collaboration in terms of sustainability, this agenda creates new opportunities for the Netherlands 
as an export country of innovative services and products. 
 
With an assessment of important developments in computational sciences, this agenda gives the 
starting signal for the strategic development of the field. The aim is to inspire future mission-driven 
research and innovation programmes within the Dutch Research Council (NWO), the Dutch National 
Research Agenda (NWA), the Top Sectors, the National Growth Fund and Horizon Europe. In this 
way, the Netherlands will maintain its leading global position in computational sciences. To build 
on that position and make an optimal contribution to a sustainable future, this document lists the 
optimal conditions for education, science and businesses within the computational sciences field. 
Together they form a fertile breeding ground for highly educated and world-leading human capital, 
which is indispensable for leading society towards a sustainable future.  
 

 
What are Computational Sciences? 
Within computational sciences, research is done into models that describe reality and that are 
solved using a computer. Three components are always present in this research: questions 
from the relevant science, applied mathematical models to answer these questions and 
algorithms combined with computer science knowledge to calculate the answers in an 
efficient way using a (super) computer. Continuous interaction between these components is 
crucial and requires constant improvement in five areas: multiscale modelling and 
simulation, data-driven methods, ultra-fast computer simulations through machine learning, 
uncertainties and sensitivity analysis, energy-efficient computing. This interaction makes 
computational science an enabler of innovative applications for a sustainable future. 
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F O C U S  O N  A  S U S T A I N A B L E  F U T U R E   
 
The global availability and security of water, food and energy has led to unprecedented growth of 
wealth and prosperity over the past century. Demand for these three resources is still rising, but 
growth cannot continue without thoroughly addressing the issues surrounding them. Global fossil 
fuel use is still increasing faster than the growth in renewable energy from solar and wind. Drinking 
water is becoming scarce, while at the same time agriculture is struggling with droughts as a result 
of climate change. In the coming decades, we must mobilise all our creativity to break these trends. 
Making water, food and energy more sustainable is the major challenge of this century. 
 
The Netherlands can be taken as an example: only with major breakthroughs in energy research 
will we be able to achieve the targets for reducing greenhouse gas emissions. Making our food 
supply more sustainable calls for a paradigm shift in agricultural research and our use of water. 
 
Computational sciences will play a crucial role in realising all these breakthroughs in the nexus of 
water, food and energy. We need efficient energy conversion, energy storage in cheap, compact 
carriers, material production with a lower ecological footprint, bio-based raw materials and cultivated 
meat, membrane technology for water desalination, innovative separation technology for wastewater 
treatment and recycling of valuable elements from waste. A focused research field in computational 
sciences provides a solid foundation for all these innovations and accelerates the development of 
scalable technologies for a sustainable society. 
 

C O M P U T A T I O N A L  S C I E N C E S  F O R  A  S U S T A I N A B L E  F U T U R E  
 
Computer models and simulations have become an integral part of modern science. By translating 
mathematical descriptions into computational algorithms and computer models, researchers in 
virtually every discipline can gain insight into complex systems and develop predictive models to 
answer ‘what if...’ questions. This extremely successful approach is the way to understand large-
scale systems, due to their magnitude and complexity, are impossible to manage in experiments. 
Consider, for example, systems such as the entire biosphere or the global economy. These are the 
very systems on which humanity is critically dependent. 

—  
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Our existential dependence on computational progress: two examples 
Climate scientists Syukuro Manabe and Klaus Hasselmann shared the 2021 Nobel Prize in 
Physics with Giorgio Parisi for their pioneering work in computational modelling of the 
climate. Thanks to these computer models, we can explain observed climate changes and 
make reliable predictions. This has led to a strong consensus on the role of humans in current 
and future climate change, and a global call for action. 
 
It is constantly raining rocks from space: Near Earth Objects or NEOs. The big question is when 
the next really big impact will occur. Such a prediction must be made well in advance to limit 
the consequences of an impact or even to prevent the impact. This not only requires detailed 
simulations of the orbits of NEOs, but also of the consequences of an impact on Earth. 

 
 
Computer models of the climate provide a clear example of the impact of computer simulations. 
Without exception, our insights into complex climate change and the role of humans in it have been 
obtained through computer simulations. Without these simulations, we would not only miss 
essential insights, but we would also be unable to substantiate why global climate interventions 
are needed. In 2021, the Nobel Prize in Physics went to research into climate models and complex 
systems. It is precisely the computational sciences that provide humanity with the necessary insight 
into our world — and future. 
 
Also for experimentally accessible systems at smaller length scales, ranging from atomic to macro-
scopic, computer simulations provide insights that are difficult or impossible to obtain through 
experiments. Computational methods form a line of research that is complementary to the experi-
mental approach. The first computational sciences arose with the availability of electronic computers 
during and after the Second World War. These computational studies were initially limited to meteor-
ology and nuclear physics, but the number of fields of application grew rapidly. Intensive use of 
computer simulations and models can now be found in all sciences, from particle physics to cosmol-
ogy, from economics to engineering, and from decision science to epidemiology. Computer simu-
lations have also opened up completely new fields of science, such as chaos theory and complexity 
theory. 
 
Computational sciences are pre-eminently interdisciplinary: they flourish where computer science 
and applied mathematics are in close contact with scientific domains such as exact and natural 
sciences, social sciences and humanities, applied and technical sciences (Figure 1). 
 
The computational sciences give us unique tools to bridge the gap between theoretical knowledge 
and complex challenges. This is especially true for societal challenges with respect to sustainability. 
Thanks to increasingly powerful algorithms and the exponential growth of computing power, 
computational sciences are now cracking problems that seemed unfeasible decades ago. 
 —  
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Computational sciences have played a decisive role in understanding climate change and other 
sustainability issues. The logical next step is to use computational research as a key enabler for 
solutions. Computational applications range from balancing smart energy grids with fluctuating 
solar and wind energy in real-time, to optimising membrane technology for water desalination, 
and developing materials for more efficient energy conversion and energy storage, to research into 
sustainable and circular chemistry. 
 
Figure 1. Computational sciences emerge and flourish at the intersection of computer science, 
applied mathematics, and other scientific domains.  

 

I M P O R T A N C E  F O R  S O C I E T A L  T H E M E S  A N D  K E Y  T E C H N O L O G I E S  
 
The computational sciences are relevant to all four societal themes as stated in the Mission-driven 
Top Sectors and Innovation Policy. With its focus on sustainability, this national agenda focuses in 
particular on the themes of Energy Transition and Sustainability and Agriculture, Water and Food. 
This focus (see Figure 2) provides a clear connection with the Dutch missions for a sustainable future 
and with the sustainable development goals of the United Nations. Computational sciences have 
great potential as a driver for the so-called key technologies (see chapter Strategic focus areas). 
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Figure 2. The computational sciences are inextricably linked to the various key technologies that 
are the driving force behind innovative solutions for societal challenges. This agenda focuses on  
the two societal themes related to realising a sustainable future. 
 

C O N N E C T I O N  W I T H  O T H E R  N A T I O N A L  I N I T I A T I V E S  
 
The national computational sciences agenda is closely related to the other national research 
agendas, such as those for Artificial Intelligence (AI research), Materials, Electrochemical Conversion 
& Materials (ECCM) and Quantum. There is strong cross-fertilisation between the themes in the 
Computational Science agenda and those in the Starter Memorandum for the First National Strategic 
Conference of the Permanent Committee on National Institutes (PCNI). 
 
The Computational Science agenda reinforces initiatives in the above national research agendas. 
This applies to a large extent to the agendas for artificial intelligence, ECCM and materials, which, 
like the current agenda, focus on fundamental research for societal problems and on the UN Sustain-
able Development Goals. 
 
In particular, we see a connection with the AI agenda, which aims to contribute to sustainability 
topics such as mobility (autonomous transport), agri-food (energy efficiency and optimisation of 
resources such as water through remote sensing, robotics, big data and AI), and sustainable devel-
opment (such as minimising the environmental impact of AI). 
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The agenda for ECCM aims to contribute to a carbon-neutral industry and society. The ECCM focus 
on the electrification of energy-intensive (chemical) industry and electrochemical conversion tech-
niques aligns seamlessly with the energy and sustainability ambitions of this computational sciences 
agenda. Computational developments reinforce the ECCM agenda through, for example, the identi-
fication of promising new electrochemical concepts, the simulation of system integration and 
process automation with multi-scale models, and smart control using machine learning and uncer-
tainty analysis. 
 
The National Agenda Materials aims to deliver materials-based solutions for the energy transition 
and for making agriculture, water and food more sustainable. Computational sciences reinforce 
the search for materials science solutions. The current agenda is also closely aligned with the core 
theme of self-learning design of materials, in which the Netherlands excels and should invest heavily. 
Strong cross-fertilisation can be expected between the Computational Science and Quantum agen-
das. The development of quantum computers requires insights from computational sciences and 
advanced quantum error correction algorithms. Powerful high-performance computing (HPC) 
systems and advanced computational schemes are crucial for this. The development of quantum 
computers also requires good quantum computer simulators. Conversely, the computational 
sciences, and in particular simulations of material properties based on basic principles in quantum 
mechanics, will directly benefit from early successes of quantum computers. 
 
Finally, the Permanent Committee on National Institutes names climate change and data infra-
structure as crucial themes in the Dutch institute landscape. Climate change is cited as the biggest 
challenge and, according to the committee, the energy transition has a great need for an integrated 
approach that transcends domains, such as in computational sciences. Essential for data infra-
structure is the support of technicians and the active training, guidance and education of users. 
There is a strong desire to increase computing power and to bundle and understand data from 
various centres and consortia. As such, great opportunities are seen in the development of analysis 
methods with machine learning and digital twins models, as described in the chapter Strategic 
focus areas.  
 

C O N N E C T I O N  W I T H  I N T E R N A T I O N A L  A G E N D A S  
 
The field of Computational Science and Engineering is internationally regarded as the key to future 
(applied) scientific research and indispensable for the further development of knowledge-intensive 
companies. International reports prepared by the Society for Industrial and Applied Mathematics 
(SIAM) highlight the importance of well-organised education in computational sciences so that the 
community has access to high-quality facilities and training in the latest techniques. The American 
research programme SciDAC also underlines the importance of an (inter)national community of 
top researchers who develop new computational techniques to solve the most challenging scientific 
problems. Although the Netherlands can be proud of the high quality of its individual computational 
research groups, an education and training infrastructure as described in these reports is still —  
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lacking. This agenda aims to be the starting point for a catch-up that will bring more cohesion to 
the Dutch Computational Science and Engineering research landscape. 
 

A  S T R O N G  F O C U S  F O R  A  B R O A D  D I S C I P L I N E ?  
 
From weather forecasting to modelling traffic flows, from medical image processing to modelling 
terrorist activities: computational science knows no boundaries and finds fertile ground in the most 
unexpected fields of application. This national agenda places a strategic focus on forcing break-
throughs in sustainability applications. Important computational applications outside the field of 
sustainability will also benefit from this. Fundamental computational insights and progress are 
not limited to the research area where they were first applied. New insights will therefore also find 
application in socially relevant areas such as health, climate, traffic, safety, economy, epidemiology 
and many more. To enhance this cross-fertilisation, this document focuses on five promising 
strategic focus areas of computational research. The next chapter shows that each of these five 
areas has applications within and beyond sustainability. 
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STRATEGIC FOCUS AREAS 

 
 
The previous chapter described the focus of this national agenda on the topics of water, food and 
energy. The relationship between computational sciences and other domains, national research 
agendas and key technologies was also discussed. This chapter presents five strategic focus areas 
that computational science should focus on to achieve its sustainability goals. 
 
Figure 3. The five strategic focus areas where computational sciences should focus on to achieve  
its sustainability goals. 
 

M U LT I S C A L E  M O D E L L I N G  A N D  S I M U L AT I O N :  F R O M  ATO M S  TO  P L A N E TS   
 

Can you perfectly predict how a material will behave if you know which atoms it is made up of? 
With a perfect computer, this should be possible by consistently calculating the quantum mechanics 
of the smallest particles. In practice, this is only feasible for ultra-short phenomena of very small 
sets of particles. Realistic issues, on the other hand, take place simultaneously on several large and 
small scales, with fast and slow processes that influence each other. 
 
The research area of multiscale modelling and simulation focuses on techniques to describe such 
systems by linking elementary algorithmic building blocks for different length and time scales. The 
aim is to develop a simulation of phenomena in complex systems, such as electrochemistry in 
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batteries, nuclear fusion in a reactor, and CO2 sequestration. Other applications include the climate, 
the effect of medicines in the body, production processes, but also societal processes such as urban-
isation. This makes multiscale modelling and simulation relevant to both exact and social sciences, 
technology and industry and is both multidisciplinary and interdisciplinary. Challenging sustainability 
issues and solutions in the water, food and energy nexus require an integrated system approach, 
in which a process is assessed over the entire life cycle and even beyond, in recycling. Since almost 
all technologies that can contribute to the transition to a sustainable future have an intrinsic multi-
scale character, the focus area will play an important role in this development. Progress in multiscale 
modelling and simulation is therefore essential. This poses new challenges for the used approaches, 
simulation methods and the research field focused on multiscale modelling. 
 
These challenges also represent great opportunities for multiscale modelling and simulation. The 
current tools used by academics and industrial partners do not support a multi-scale integrated 
approach. Not only are new models needed to link different scales; these new models will enable 
research in new areas of application. Multiscale modelling will be further accelerated by integration 
with AI and data-driven methods. This requires a fundamental overhaul of multiscale modelling 
and simulation, as aspects such as data integration and performance criteria need to be aligned. 
If we want to link several existing models for only one time or length scale together in a multiscale 
model, we have to develop the right software environments, in optimal cooperation with the latest 
hardware. 
 
 
 

Fundamental transition 
In recent years, the field of multiscale modeling has fundamentally changed. Originally, 
multiscale models were developed from micro to the macro level, and from small to large 
time and length scales. This consecutive modeling from small to large scale, however, does 
not work for phenomena that influence each other strongly at different scales.  
Think about tearing materials, where crack propagation strongly  
depends on the details of the local microstructure. Another  
example is that of light-sensitive materials for  
photosynthesis, where the light sensor is  
strongly influenced by the environment.  
Currently, the first successful methods  
are being developed for such  
multiscale systems, but much  
research is still needed. 
  
  
  
  —  
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D A T A - D R I V E N  M E T H O D S   
 

Nowadays, we collect large amounts of data in the blink of an eye. Valuable information lies hidden 
in this unstructured data. Analysing this data with new methods leads to new insights. In combination 
with machine learning, we can develop predictive models to provide solutions for various issues. 
This requires a systematic approach, such as high-throughput screening, which allows large numbers 
of tests to be performed in a short period of time. In contrast to the time-intensive trial-and-error 
method, this rational and systematic data-driven approach enables us to quickly find solutions for 
urgent and major issues surrounding sustainability, responsible materials, health and climate adap-
tation (see text box Infinite material options). 
 
Data-driven methods can analyse large amounts of data and develop predictive mathematical 
models. Both are necessary to develop a sustainable, climate-neutral and circular production of 
high-quality plant and animal food and thus reduce our ecological footprint. The agricultural and 
livestock sector currently makes intensive use of imaging, sensors and other on-farm technologies 
to perform automated high-throughput measurements. This can be used to optimise cultivation 
strategies. The health and production of livestock can also be monitored and adjusted if necessary. 
High-throughput measurements have resulted in even larger data sets, with even data down to 
the DNA level. These datasets are still largely unexploited. 

—  
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Infinite material options 
In designing better materials, one fishes in a data sea of nearly infinite combinations of 
molecules and compounds for the right chemical composition that leads to superior material 
properties. This could, for example, be a new catalyst for efficient energy conversion from 
electricity to chemical fuels. Material candidates for high-performance polymer membranes  
– found using data-driven methods – currently offer superior performance to separate 
methane and carbon dioxide.



The success of data-driven methods depends on the availability of large amounts of data. When 
developing data-driven methods, it is therefore important to follow guidelines for the description, 
storage and publication of data, according to the FAIR principle: Findability, Accessibility, Inter-
operability, and Reusability. Furthermore, metadata such as creation date, quality and owner are 
essential to be able to search and navigate datasets. There are now various platforms with data 
repositories that facilitate the organisation, search, sharing and use of high-quality data. There is 
a great need and also a challenge to integrate data sets from various sources so that their potential 
can be exploited even more. 
 
Through data integration of products with and without desired properties, the application of 
machine learning can lead to even more accurate predictions. It is also expected that data-driven 
methods will further contribute to bridging various layers in multiscale models and identifying 
intrinsic errors of the computational models. Furthermore, synergy can be achieved by connecting 
experimental and simulated data. Thanks to real-time analysis and adjustment based on perform-
ance indicators, data-driven methods can further accelerate the throughput time and optimisation 
of process and product development in both academia and industry. 
 

U LT R A - F A S T  C O M P U T E R  S I M U L A T I O N S  T H R O U G H   
M A C H I N E  L E A R N I N G   
 

Within the computational sciences, a new approach for accelerating simulations is emerging. With 
lightning-fast machine learning, such as deep neural networks, models can be trained to perform 
parts of simulations thousands or even millions of times faster. This use of machine learning is 
known as surrogate modelling. This approach is evolving rapidly, with new and more effective 
methods being continuously developed. This brings innovative applications closer. 
 
An efficient description of atomic and molecular interactions is a central ingredient in the natural 
sciences. Here, surrogate models have paved the way for robust, data-driven models. In this 
approach, computationally intensive, detailed simulations are used to train machine learning 
models, which can  subsequently be used to predict the outcome of new calculations. These super-
fast models make it possible to investigate a wide range of materials for energy storage and conver-
sion, materials for water purification, and complex pharmaceuticals, among other things. A 
completely different application of surrogate models is the accurate and efficient modelling of 
turbulence, a decisive factor for the success of applications such as circular water treatment, wind 
energy, fuel cells, and concentrated solar energy. A third example is fusion energy – see the box 
Virtual tokamak. 
 

—  
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Virtuele tokamak 
Fusion reactors or tokamaks promise a compact source of safe and CO2-free baseline energy 
by compressing hydrogen into helium, like in the sun. Accurate simulations of such reactors is 
crucial for reactor design, optimisation and control. For this, numerous mutually influencing 
processes have to be integrated into a multiphysics simulation. A recent breakthrough is the 
application of neural networks to accelerate these calculations a million times. This kind of 
dramatic acceleration makes it possible to quickly design new experiments and optimise 
reactor processes. 

 
 
Surrogate modelling is developing rapidly and holds great promise for ultrafast applications to 
virtually all major societal challenges. The expectation is that the ‘low hanging fruit’ will be harvested 
quickly, while for the longer term the challenge is to lift the field above the status of ‘new promise’. 
For fusion reactor simulations, the real challenge is to convert the achieved successes into an 
efficient digital copy of the physical reactor (digital twin) to accelerate the development of future 
reactors. In computational chemistry and computational physics, the major challenge is to create 
surrogate models that are transferable to other domains. Efficient surrogate models offer the ability 
to virtually examine all kinds of designs and predict optimal solutions, without time-consuming 
real-life testing. A new development is to combine machine learning techniques with insights from 
physics, such as in the so-called Physics Informed Neural Networks. The combination of such tech-
niques still requires a lot of research. 
 

—  
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U N C E R T A I N T Y  A N A LY S I S  I N  C O M P U T A T I O N A L  S C I E N C E S   
 

Without a good estimate of reliability, simulations are meaningless. In order to make accurate 
predictions and support decision-making, it is critical to know how large the uncertainty of model 
results is, and how sensitive they are to variations in the input data. Inaccuracies in simulations 
can occur for several reasons: invalid assumptions, coefficients that are not well defined, or measure-
ment errors in initial conditions. 
 
Determining these uncertainties is computationally intensive because sometimes hundreds or 
thousands of simulations are needed. Nevertheless, a good uncertainty and sensitivity analysis 
increases the predictive power of the simulations. In this way, we can not only predict the tempera-
ture of the outside air, but also indicate a range within which the temperature will be with 95% 
probability. The same applies to the predictions of the evolution of COVID-19, the stock market 
prices or the development of mortgage rates. 
 
In various application areas, such as drug development, food safety, and flight safety, there are 
committees that ensure that the calculated results are reliable. To comply with this, there must be 
a sufficient number of qualified personnel available, who can use the most advanced methods. 
To take the focus area a step further, new developments are needed, such as the development of 
efficient algorithms. These should be up to ten times faster because the complexity of the applica-
tions studied is increasing as models have to include multiple time and length scales in their calcu-
lations, for example. The challenge here is to develop methods that can estimate the effect of  errors 
at the various time and length scales on the multiscale level.  
 
Another approach is to reduce the computation time, which can be done in two ways. The computa-
tion time per simulation can be reduced by simplifying models, with model order reduction, without 
losing essential information. In addition, the number of simulations required can also be reduced. 
It is crucial to be able to estimate which simulations are and which are not necessary for a reliable 
answer. 
 
Gaining a better understanding of chaos models, such as weather forecasts, also requires more 
research. Chaotic behaviour often occurs in nature and has the characteristic that small changes 
in the initial state produce completely different outcomes. To keep a chaos model as close to reality 
as possible, one has to constantly add new measurements in a running simulation, so-called data 
assimilation. This also allows for the quantification of uncertainties in the predictions, but this 
requires assumptions about the probability distribution of the various input data. Under ideal 
circumstances, this works fine, but for realistic applications, the assumptions are not always verifi-
able. This requires research to investigate the validity of the assumptions, thus making calculation 
methods more reliable. 
 
 
 —  
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High water levels 
The Netherlands plays an important role in the field of uncertainty analysis, such as 
forecasting weather and high water levels, for example. Two examples in which this type  
of research has been made freely accessible are an open software environment (OpenDA) 
established by Dutch researchers, and more recently an open-source toolkit (VECMAtk)  
that was co-developed by Dutch researchers. 
These initiatives make it possible to compute reliable, verifiable multiscale simulations on 
future exascale computers at speeds of one trillion operations per second. 

 
 
Uncertainty analysis is even about choosing exactly which models to use to address a problem. 
For example, probability techniques are being developed to automatically choose between different 
computational models. The emergence of machine learning also presents new opportunities and 
challenges for uncertainty analysis. For example, most uncertainty analysis methods become much 
more computationally intensive as the number of uncertain parameters increases. Machine learning 
could help predict which parameters are most important. 

 

E N E R G Y - E F F I C I E N T  C O M P U T I N G    

Modern computers demand more and more energy: the largest supercomputer in the world even 
requires a separate power station. A switch to other, more energy-efficient computer types, such 
as the quantum computer or neuromorphic computer chips, could curb this energy consumption. 
But to use such computers efficiently, new models and algorithms are needed. 
 

—  
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Energy saving 
A popular existing technique is the use of fast, optimised graphics processors (GPUs) instead of 
power-hungry standard processors (CPUs). Great strides have already been made to efficiently 
implement basic algorithms from advanced simulation programmes on these GPUs. This has 
already led to an acceleration of a factor of 10 to 100 – and thus huge energy savings. In addition, 
a lot of work has been done to make the algorithms more efficient and thus achieve energy 
savings. In recent decades, it has been possible to cut the energy consumption in half every two 
years, comparable to Moore’s law for ever smaller computing elements. 

 
 
The Dutch computational science community is a global leader in this research. Steps are also 
being taken towards even more efficient computers, partly programmed in software and partly in 
hardware. In hardware programming, connections are made between certain computational proces-
sors to speed up computation. Developing good algorithms is even more challenging, but efficiencies 
of a factor of ten have already been achieved. The Netherlands is also a leader in the field of quantum 
computers. In theory, they can solve large computational tasks in far fewer calculation steps. The 
number of available quantum algorithms is still limited, but can offer enormous potential for effi-
ciency improvements. 
 
In the future, energy-efficient computing will have to be further developed to keep the energy 
consumption of computers manageable. This requires investments in the following developments. 
Current algorithms for artificial intelligence are often started with a “clean slate”, i.e. from scratch, 
which means that a long period of calculation is often required before the information is up to date. 
By including already available knowledge, such as the output of previous calculations, a neural 
network can be trained faster, for example. 
 —  
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By calculating with adjustable precision, a great deal of energy can be saved. Calculations currently 
run at maximum precision, i.e. maximum energy consumption. It often turns out to be possible to 
adapt an algorithm in such a way that lower precision suffices for a large part of the calculation and 
that a select number of operations can then be used to obtain the final answer with high precision. 
 
Applying existing software to new problems speeds up the development of new simulation packages, 
but is usually not optimised for the new application. Adjusting (parts of) the software can improve 
the efficiency of the developed code. One can also gain from replacing scripting languages (Python, 
Matlab) with optimisable programming languages (C, Fortran). 
 
For many calculations, the transport of the data to the calculation units takes up the most energy 
and time. New computer concepts leave the data in the memory and carry out the calculation 
processes in memory. The hardware for this is available, but requires further improvement. These 
machines also require adapted and refined calculation methods. 
 
To sum up, this research area has many challenges, but it can contribute enormously to the new 
generation of energy-efficient computers. Investments in this area will ensure that research in the 
Netherlands can maintain its leading position and, if possible, strengthen it. 
 

F O C U S  A R E A S  A P P L I E D :  D I G I T A L  T W I N S   

Research on practical applications requires knowledge of several focus areas. An example where 
all focus areas are needed is a digital twin. That is a virtual representation of a device or process, 
where  simulations are supported by data that is streamed from reality. 
 
These simulations are very computationally intensive due to the level of detail required. The use 
of machine learning and energy-efficient computing is therefore of great importance to make digital 
twins possible. Digital twins are not only used in high-voltage grids (see text box Digital high-voltage 
grid) but also in healthcare, transport (trains, bridges, roads), industry, climate and weather fore-
casting and urban development. 

—  
2 2



Digital high-voltage grid 
An example is the use of a digital twin for the maintenance of the electrical high-voltage grid. 
In addition to the real high-voltage grid, a detailed simulation model is made of the grid. To 
do this with sufficient detail, multiscale models are needed. Everything that happens with the 
real high-voltage grid (generation and consumption of electricity, weather conditions, 
calamities, etc.) is entered into the simulation model, so that the forecast is constantly 
compared and supplemented with measurements of reality. This digital model can be used, 
for example, to fully automatically analyse whether a break in the high-voltage cables is 
imminent. If the digital twin sees unexpected wear and tear, the real network can be 
examined and repaired where necessary. To combine these measurements with the model, 
the focus areas of data-driven methods and the effect of uncertainties are crucial. 

 

—  
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‘As a company that supplies computational software development services,  
we need good people to provide the high-level skills that our customers need. 
Right now, there is a strong competition for these people, and we expect that 
this will only grow stronger as the market expands.’ 
– Mark Roest, Managing director, VORtech

—  
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OPPORTUNITIES AND CHALLENGES  
FOR COMPUTATIONAL SCIENCES 

 
New developments in the strategic focus areas offer enormous opportunities for breakthroughs, 
as computational approaches offer the possibility for: 
- efficient large-scale screening of possible solutions, greatly reducing both the effort and costs 

of discovery and design. 
- supplementing experiments to accelerate understanding and optimisation, for example, to gain 

detailed insights into complex phenomena, even under conditions that are difficult or impossible 
to realise in practice. 

- results for what-if scenarios through virtual prototypes, without the danger or cost associated 
with real experiments. 

 
 

Societal impact of computational sciences 
The computational sciences bridge the gap from theory to practical predictions in all fields of 
science. This is very visible in meteorology in the form of the daily weather forecasts. But also 
in a broader sense, our society is increasingly dependent on statistical predictions and 
scenario models, such as modelling of virus outbreaks or predicting the highest water levels 
in the event of floods. 
Less visible, but just as important, is the role that computational sciences play in the 
discovery of new drugs, new materials, and new technological processes. Here, it is all about 
predicting the functional properties of materials based on the precise combinations of atoms. 
Equally relevant to society is the broad awareness of the possibilities and limitations of 
computer models. The computational sciences have also caused a shift among the general 
public, with terms such as ‘chaos theory’ becoming commonplace. 

 
 

O P P O R T U N I T I E S  I N  E N E R G Y   
 
The key to the energy transition is electrification. But because production and demand are not 
always in balance in the case of solar and wind energy, temporary energy storage in hydrogen will 
become increasingly important. This offers all kinds of opportunities for computational sciences. 
For example, optimising the gas turbines that convert hydrogen back into electricity requires new 
models for the different processes and geometries of the turbine, as well as a good link between 
Computer-Aided Design and Computer-Aided Analysis. 
 
The underground storage of hydrogen and CO2 (see the box Computations of porous gas storage) 
is only one part of the energy transition. Another energy opportunity lies in the search for new 
materials, for example the development of better batteries for cheaper energy storage. This calls —  
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for a combined optimisation of the material compositions of the cathode, anode and electrolyte 
for an astronomical number of combinations to be investigated. Efficiently exploring this search 
space requires new breakthroughs in computing technologies, such as machine learning. 
 
 

Computations of porous gas storage 
The underground storage of hydrogen (or CO2) 
requires a good description of the storage and 
sealing capacity of the gas reservoirs, the 
mechanical properties of the subsurface, and 
the gas flow through the porous subsurface. This 
requires advanced computational tools to 
answer technological, environmental and policy 
questions and achieve breakthroughs. 
  
 

 
Machine learning and artificial intelligence can also force breakthroughs in the development of smart 
grids that balance the supply and demand of energy. The layout of the grid, the optimal mix of the 
energy needed and the effect of storage play a major role in this. Smart grid management also requires 
breakthroughs in uncertainty quantification to assess how accurate and reliable the models are. 
Here, domain experts and computational scientists need to work together to be successful. 
 
Finally, virtual prototyping is crucial in the development of sustainable solutions, for example in 
the development of nuclear fusion reactors to generate green electricity. Although the realisation 
of the ITER reactor is in full swing, for both ITER and its successor, the demonstration power plant 
DEMO, many technical challenges still need to be solved. The biggest challenge is to hold the 
extremely hot plasma long enough to initiate and sustain fusion reactions. Because optimisation 
of the various components through experiments is expensive, design decisions are ideally made 
with virtual prototyping: Automated design programmes validate a design before a physical proto-
type is created. This requires new advanced computational scientific methods. 
 
In addition to the more technical examples mentioned here, much can also be gained from behav-
ioural change (computational social sciences), trading emission rights (computational finance) and 
designing energy-efficient buildings (computational architecture). 
 
 
 
 
 
 —  
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Computational agriculture 
Sustainable agriculture requires crops that are resistant to climate change, weeds and 
diseases. Models of processes in plants such as cellular, signalling, regulation and metabolic 
pathways and physiological processes are indispensable for the development of future-proof 
crops. Bioinformatics and molecular multiscale modelling can help with this. In addition to 
the development of crops with specific properties, sustainable pesticides are also needed 
that protect crops from pests but have less impact on the environment. 

 
 

O P P O R T U N I T I E S  I N  F O O D   
 
Food is a basic necessity of life. Food production is responsible for about 25% of total greenhouse 
gas emissions worldwide, and the production of  food requires 40% of all the land on our planet 
and 70% of all irrigation water. In addition, large amounts of greenhouse gases are released during 
the production, transport and preparation of food. Sustainable food production for a growing world 
population is therefore an important societal challenge. 
 
Circular food systems with minimal loss of raw materials and efficient use of water and agricultural 
land are seen as solutions for a sustainable future. Computational sciences offer opportunities for 
creating a sustainable agricultural and food sector. 
 
Besides optimising crops (see the box Computational agriculture), computational sciences can 
also help make food processing processes more efficient and sustainable with the help of enzymes. 
Computational techniques can also be used to design new enzymes, for example for plant residues 
in bio-based materials. Methods such as molecular simulations and surrogate modelling can be 
used to gain insight into the structure and dynamics of proteins as well as the enzymatic reactions. 
Molecular insight can then be used in the rational design of new enzymes. —  
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Ultimately, it is important that the entire food chain from production and processing, to transport 
and consumption, is included in the process of making agriculture more sustainable. Digitisation 
of agriculture and the collection of data on the entire food chain offer opportunities for a circular 
food chain. Accurate measurements of soil conditions and crops can help reduce the use of fertilisers 
and pesticides by only using them where they are really necessary. And in dairy farming, for example, 
detailed sensor measurements can improve the health, welfare, life expectancy and milk production 
of cows. 
 
In recent decades, there has been a trend toward collecting more and more agricultural data. High-
throughput measurements on soil, crops, livestock, and business and processing processes provide 
even larger datasets. These are still largely under-utilised because they take a long time to analyse. 
Artificial intelligence and data-driven methods can analyse these large data streams and help 
develop predictive mathematical models. Collecting, sharing and analysing data about the entire 
food chain offers opportunities to develop sustainable production of high-quality and healthy plant 
and animal food, while reducing the ecological footprint. 
 

O P P O R T U N I T I E S  I N  W A T E R   
 
Computational sciences can also provide solutions to problems in the water sector. An example of 
such a problem is the rise in salinity in the Dutch groundwater system as a result of rising sea levels 
caused by global warming. For smart operational water management, we need to measure salinity 
in real time and predict soil moisture content. This requires an uncertainty analysis of the predictions, 
an important topic in computational science. 
 
In industrial wastewater treatment, the presence of non-biodegradable toxic heavy metals is a 
major concern. A very promising method for recovering heavy metals from wastewater is to capture 
them with surfactants. Accurate chemical calculations can provide insight into the specific molecular 
interactions and can help optimise this process. 
 
Water treatment is also important in the desalination of water for drinking water consumption and 
for irrigation. Membranes play an essential role here. With molecular simulations, continuum calcu-
lations and machine learning, new membrane materials with specific properties for desalination 
and separation technologies can be designed and optimised. 
 
All computational focus areas are needed to arrive at the next generation of simulations and what-
if scenarios in the field of weather and climate forecasting. An example is the effect of the amount 
of forest on the weather. Here too, computational sciences should be used to predict the effect of 
reforestation on the weather. Uncertainty analysis, multiscale models and energy-efficient calculation 
methods will have to be used for this. 
 

—  
2 8



 

—  
2 9

From rainstorms to sea level rise 
Due to climate change, we expect an increase in extreme rainfall, storms and meltwater 
peaks. Computational sciences can predict local extreme weather, such as heavy rainfall in a 
city, enabling tailored measures. 
Climate change is also causing sea levels to rise, causing significant problems in low-lying 
deltas. The Netherlands has a strong reputation for managing these problems. 



‘SURF strives to offer researchers a reliable, future-proof and innovative ICT 
infrastructure. It depends on the development and application of knowledge 
from computational sciences. Which is of great importance for the optimum 
innovation and usage of this infrastructure.’ 
– Peter Michielse, Manager Core Innovation Team, SURF

—  
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DUTCH ECOSYSTEM OF  
COMPUTATIONAL SCIENCES 

 
The Netherlands is strongly represented in research and applications of computational sciences. 
This chapter provides an overview of computational research at Dutch research and education 
institutions and of the development and use of this research within industry. Attention is also paid 
to the existing and required infrastructure, and a look at the future of computational science in the 
Netherlands. 
 

R E S E A R C H  I N S T I T U T E S  
 
Computational science takes place at all Dutch universities and at some of the universities of applied 
sciences. The entire spectrum of research is represented within the universities: from developing 
theories for mathematical calculation methods to actually applying the developed models and methods 
to practical issues. Research at the universities of applied sciences focuses more on the application 
of computational methods. In addition, there are also a large number of research institutes in the 
Netherlands that develop and use computational science. Examples include the CWI, eScience Center, 
NLR, Marin, Deltares, RIKZ, KNMI, and Wetsus. 
 
Many Dutch research groups use computational methods for understanding complex systems, product 
developments and optimisation of design processes. A barrier to knowledge sharing in the field is that 
these groups are often spread across the country, each with its own substantive application area. This 
provides a unique opportunity to share knowledge and expertise by setting up cross-disciplinary 
collaboration networks. These can serve as a driver for innovation by successfully applying computa-
tional developments from one application area to another. 
 

B U S I N E S S  A N D  I N D U S T R Y  
 
Computational science is widely applied in industry. A number of (mainly larger) companies also 
engage in active development. This leads to various applications of computational methods in 
industry: 
- designing new products such as wind turbines, cars, flood protection, medicines, catalysts, 

enzymes and plant varieties; 
- optimising the production and use of products, such as EUV machines from ASML, high voltage 

networks and 3D printing; 
- answering ‘what if’ questions and predictions in weather forecasting, forecasting stock prices 

and determining the effect of climate measures; 
- use of digital twins: for better use and maintenance of energy networks, trains, dikes and health-

care. 
 —  
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A complete list of companies active in computational sciences is difficult to provide, also because 
such a list would quickly become outdated. However, to show the diversity of companies, here are 
a few from the different sectors: 
- Multinationals: Unilever, ASML, Philips, HZPC, Shell, Gasunie, TenneT, ABN/AMRO, Rabobank and 

booking.com, among others; 
- Small and medium-sized enterprises: Sioux Mathware, Vortech, SCM, among others; 
- Start-ups: Monolith AI, Orange Quantum Systems and Evalf Computing, among others. 
 
Like research groups, Dutch companies benefit from strong developments on the strategic focus areas 
from the previous chapter. For example, lower energy consumption by computers benefits a wide 
range of industries, from companies active in computer modelling (seismic data, molecular modelling, 
wind turbine planning and photovoltaic modelling) to those using machine-learning-based forecasting 
and big data analytics. Each kilowatt-hour saved strengthens the Netherlands’ position in the field of 
large infrastructures for data and computing. The computing-intensive data centre industry provides 
nearly 13,000 jobs and contributed more than a billion euros to the Dutch economy in 2018. A significant 
part of the resources goes to data storage, but also to brute-force computing.  
 

C O M M U N I T Y  B U I L D I N G  
 
An important goal of this agenda is to increase cohesion between the various communities in 
computational science. Users of computational methods are spread across all academic disciplines 
involved, across different branches of industry and across the Netherlands. This offers a unique 
opportunity to establish collaborative networks between groups working on different applications. —  

3 2



These networks build on existing activities, such as the SIAM Activity Group on Computational 
Science and Engineering (SIAG/CSE). The biennial SIAM Conference on Computational Science and 
Engineering (to be held outside the USA for the first time in Amsterdam in 2023) and the Dutch-
Flemish Scientific Computing Society also provide an excellent opportunity for cross-fertilisation 
and collaboration in computational sciences in the Netherlands. 
 

C O M P U T A T I O N A L  P R O J E C T S  O N  W A T E R ,  F O O D  A N D  E N E R G Y  
 
The focus of this agenda on computational sciences for sustainable food, water and energy builds 
on a strong and sound foundation of existing projects and initiatives in the Netherlands: 
 
Energy research 
The Netherlands plays a key role in energy research and innovation, with important work in the 
clusters of research institutes and companies in Eindhoven, Utrecht, Twente and Delft. The recently 
completed NWO Computational Sciences for Energy Research (CSER) has given a huge boost to 
computational energy research in the Netherlands. Other important initiatives are the Netherlands 
Energy Research Alliance (NERA) and the Platform for Electrochemical Conversion and Materials 
(ECCM), a collaboration between the top sectors, industry, government, TNO and NWO. 
 
Water research 
The Netherlands has traditionally had strong expertise and interest in water management. Hotspots 
for this research are located in Wageningen, Delft, Nijmegen and Utrecht. Thanks to the efforts of 
research institutes such as KWR, Wetsus, Marin and Deltares, there is good cooperation between 
the companies, knowledge institutes and the government involved. For example, a recently started 
collaboration between TU Delft, Utrecht University and the Netherlands eScience Center is building 
a realistic, high-resolution computer model to predict global freshwater resources. This open-
source project uses a general approach so that different water models can be easily built-in. This 
e-Infrastructure provides a better understanding of the global hydrological cycle. 
 
Food research 
Food research and innovations in the Netherlands are world-class, with focal points in Utrecht, 
Wageningen and Maastricht. A recent development in the sustainable food ecosystem is the Culti-
vated Meat Modelling Consortium (CMMC). Maastricht University and the eScience Center are 
involved in this collaboration between industry and universities, as well as companies such as 
Biocellion, Merck and Aleph Farms. CMMC’s mission is to accelerate the development of affordable 
and high-quality cultured meat for the consumer market by establishing computational models 
that the industry can use to improve the growth processes and product characteristics of cultured 
meat. The Netherlands also excels at improving food crops, with computational research enabling 
accelerated innovation. 

—  
3 3



 

I N F R A S T R U C T U R E  
 
To actually solve major computational problems, researchers and companies make use of large-
scale computer clusters and supercomputers in the Netherlands and abroad. The infrastructure 
includes hardware, but also the high-level expertise of expert users who make knowledge and skills 
available to the community through informal and formal training. 
 
Human capital 
The increasing use of models, simulations and data science (AI) in research and industry brings with 
it a high and rising demand for highly qualified computational scientists. For many companies, the 
availability of highly qualified personnel is one of the main reasons for establishing or expanding their 
business. The future availability of experts in computational sciences is a major concern. 
 
The Netherlands has a large group of excellent computational scientists, but in order to meet the 
growing demand and the outflow of older employees, an extra impulse is needed to expand the training 
capacity at both universities and universities of applied sciences. However, educational institutions 
in computer science are faced with a major shortage of staff, due to the strong attraction of researchers 
and teachers towards the business community. 
 
Here, collaboration with companies is the key to success. Part-time appointments of corporate 
employees at educational institutions can provide a solution to the major staff shortages, while gradu-
ation projects at companies not only relieve the teaching staff, but also give students experience in 
the business world: a great way for companies to recruit young talent. 
 

—  
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An important goal of this National Agenda is to strengthen education in computational sciences and 
to link it more closely with neighbouring disciplines. Computational sciences are in close contact with 
other scientific domains, such as the exact and natural sciences. By offering an attractive study path 
for computational sciences in programmes in these research domains, these adjacent programmes 
can also contribute to solving the enormous shortages of qualified computational scientists. In addition 
to training Bachelor’s (including universities of applied sciences) and Master’s students, an investment 
is also required for training PhD students. 
 
Thematic Digital Competence Centres 
The implementation of the National Agenda Computational Sciences can be further enhanced by 
leveraging the knowledge and infrastructure of Digital Competence Centres (DCCs). Within a DCC, 
scientists and institutions work together to develop exchangeable and reusable data and software 
for specific research themes, with associated competencies. DCCs currently mainly exist locally per 
institution, and an important initiative is to also set up national, thematic Digital Competence 
Centres within the themes of Life Science & Health (LSH), Natural and Engineering Sciences (NES) 
and Social Sciences and Humanities (SSH). 
 
Hardware 
For a healthy future of computational science in the Netherlands with exposure in Europe and 
worldwide, a balanced mix of hardware is needed (see Table 1). 
 
Table 1. Landscape of supercomputer facilities in the Netherlands, divided into various categories. 

 
 Category       Supercomputer                               Computing power    Presence in the  
                           scale                                                      in petaflops                 Netherlands 
 Tier 0                European centres                              100+                                   - 

 Tier 1                National computer centres           10+                                    Snellius / Cartesius (Amsterdam) 

 Tier 2                University and regional                  1+                                      Lisa (Amsterdam), Peregrine (Groningen), 
                           computer centres                                                                         DelftBlue (Delft) 

 Tier 3                Computer centres at                       0.1+                                   Widely present 
                           faculties and departments 

 
 
The Dutch Tier 1 machine is available via Surfnet, a fast network between the national supercomputer, 
universities and research institutions. Both Tier 1 and Tier 2 computers are connected by a high-
speed communications network. Tier 2 computers provide a flexible solution for medium-sized prob-
lems and are excellent for training and educating Bachelor’s, Master’s and PhD students. For larger 
computational tasks, one can switch to the Tier 1 computer. This can also serve as a springboard to 
Tier 0 machines, supercomputers that are among the fastest computers in the world. The Netherlands 
currently has relatively few Tier 2 machines and in order to achieve a healthy balance between local, 
regional and (inter)national facilities, it is recommended that the Tier 2 infrastructure in the Netherlands 
be strengthened. —  
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In addition to computing capacity, large-scale data storage is becoming increasingly important. 
Additional investments are required to easily store and consult research data (FAIR principle: Find-
ability, Accessibility, Interoperability, and Reusability). Both Tier 1 and Tier 2 machines must therefore 
consist of a balanced mix of computing processors, visualisation processors and graphics processors 
(GPUs). Keeping the Tier 1 computer state-of-the-art, expanding the Tier 2 capacity and increasing 
cloud computing provides the necessary flexible computational infrastructure. These developments 
are the starting point for better integration into European programs such as EuroHPC, and for access 
to Tier 0 computers. A sustainable future also requires an improvement in energy-efficient hardware, 
one of the key areas for development in future upgrades. In this agenda, this is further elaborated 
on in the focus area of energy-efficient computing. 
 

—  
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Software 
Having and making suitable software available is of great importance when using High-Performance 
Computing hardware. Although commercial software is necessary in some cases, in general, Open 
Source software is preferred. Good national cooperation can be very beneficial. Two aspects that 
can be further developed are a national overview of where certain software packages are available 
and how to acquire cost-effective licenses. An important aspect is the sustainable development of 
software, so that new researchers can build on previously developed, well-documented software 
packages. This development also includes the development of energy-efficient software, whereby 
improvements in numerical methods require less computation time, and therefore less energy, for 
general computational methods. For example, significant savings are possible by computing with 
lower precision, as described in the strategic focus area of energy-efficient computing.

—  
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‘The maritime sector faces major challenges to become sustainable. 
Evolutionary ship customization is no longer enough. New knowledge is 
needed for the new ships, which must be built up with simulations and data 
science. Computational science as a research area has thus become 
indispensable for the maritime sector.’ 
– Henk Prins, R&D manager, MARIN

—  
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ROADMAP  

 
 
In order to realise the set objectives for human capital, hardware and software, the following four 
lines of action will be set up: Strengthening the knowledge and innovation ecosystem, Community 
building, Infrastructure and Human capital. 

These action lines are detailed below, with a distinction between short (1-3 years), medium (3-10 
years) and long-term (>10 years) actions: 
 

1 .  S T R E N G T H E N I N G  T H E  K N O W L E D G E  A N D  I N N O V A T I O N  E C O S Y S T E M  
 
By strengthening the entire chain of the knowledge and innovation ecosystem of the computational 
sciences, research, development and innovation are stimulated. 
 
Stimulating research, development and innovation 
Stimulating research, development and innovation in computational sciences is achieved through 
future mission-driven programmes within the Dutch Research Council (NWO), the National Growth 
Fund and Horizon Europe. The aim is to accelerate the preparation of fundamental scientific devel-
opments and promising application areas into applications for sustainability issues. This National 
Agenda and the focus areas can serve as a guideline for formulating programmes within the four 
main lines of the Knowledge and Innovation Covenant, namely MISSION, DEMAND, STRATEGY and 
PRACTICE, and the top sector programmes such as key enabling technologies. The Dutch Research 
Agenda (NWA) also offers good opportunities for interdisciplinary, knowledge-chain-wide collab-
oration for thematic programmes in the field of sustainability and digitisation. 
 
International positioning 
The Netherlands has a good starting position with regard to computational sciences, but could 
further strengthen this position. Investments in research, infrastructure and human capital will 
enhance the Dutch international position in the medium to long term, especially in the field of 
sustainability applications. 
 

Infrastructure

Strengthening the knowledge

and innovation ecosystem

Human capital

Community building
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Expanding and strengthening local centres 
Several research centres, consortia and groups are already active within the Dutch landscape in 
the field of computational sciences. Expanding and strengthening these centres stimulates research 
and development in the medium term, positioning them as growth centres and partners for national 
and international consortia. 
 
Connection with industry 
Connecting research and industry is crucial to the success of this agenda. This collaboration can 
be stimulated by technology transfer programmes and by making it easier to establish start-ups. 
By transferring technology and fundamental knowledge as developed in the focus areas through 
a specially designed programme, computational collaboration between science and industry will 
grow in the short to medium term. 
 

2 .  C O M M U N I T Y  B U I L D I N G   
 
An important spearhead of this agenda is strengthening cohesion in the computational science 
community in the Netherlands. In the short term, this can be achieved through conferences and work-
shops, summer schools, and student exchanges. Possible initiatives for community building are: 
- Setting up a national committee of computational scientists for the purpose of community build-

ing. This committee preferably consists of young computational talent from both academia (e.g. 
tenure trackers) and the business community, representing the various focus areas from this 
agenda. 

- Setting up a generally accessible digital platform to strengthen community building. This can 
provide up-to-date information about current activities and events, the national agenda and 
those involved. 

- Organising courses on computational techniques for PhD students, and organising activities such 
as a broad annual event, a graduate school and periodic seminars. In addition to a new conference 
to be set up, this action will build on the existing annual ACOS (Applied Computational Science) 
conference. 

 
Initially, these initiatives will primarily involve researchers who (also) work on sustainability issues. 
In the longer term, it is expected that a self-organising ecosystem will emerge, with the broad 
community of computational science joining these developments. 
 

3 .  S T R E N G T H E N I N G  O F  T H E  I N F R A S T R U C T U R E  
 
 
Investment in hardware 
Computational research not only requires a state-of-art infrastructure in the field of high-performance 
computing, but also data storage and equipment that is specially geared toward specific questions 
from focus areas. A boost in computational research also requires an investment in infrastructure. —  
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Although (inter)national Tier 0 and 1 machines remain necessary, it is recommended to invest in 
strengthening the relatively under-equiped regional Tier 2 infrastructure in the Netherlands. 
 
Assessing software packages and cost-effective licences 
In order to use hardware optimally, the software, the algorithms and codes, are of the utmost 
importance in computational sciences. Mapping out and sufficiently reusing available and self-
developed software, and licences means an enormous boost to the efficiency and effectiveness of 
the field. 
 
Stimulating energy-efficient computing 
Commitment to energy-efficient execution of computation-intensive tasks is a crucial challenge 
for optimal use of available resources. In addition to focusing on the development of techniques 
in the focus area of the same name, it is necessary to invest in hardware and software. Actions 
within this challenge include choosing the most economical processors when investing in the Tier 
2 infrastructure, including energy efficiency in the selection of software and algorithms, and stimu-
lating energy-efficient computing through better education. 
 

4 .  H U M A N  C A P I T A L  
 
 
Strengthening education, collaboration and knowledge exchange 
In order to train students and keep computational experts informed about the latest techniques, 
it is necessary to strengthen education, collaboration and knowledge exchange. This can be done 
in the short term by deploying academic staff from other adjacent disciplines to train students in 
the current curriculum. In the longer term, new educational tracks (Bachelor/Master) should be 
introduced. Furthermore, collaboration and knowledge exchange will be strengthened on topics 
such as sustainability and computing through the connection with other national initiatives such 
as ECCM, Quantum technology and AI. 
 
Attracting and retaining talent from abroad 
To bring the computational community in the Netherlands up to the global level and keep it there, 
it is important to invest in international top talent in addition to national training programmes. 
Additional fringe benefits such as reducing workload, but also establishing positions, prizes and 
awards make the Dutch academic setting an attractive environment for international experts. 
 
Connection with industry 
Ties with industry are strengthened by encouraging part-time appointments of researchers in indus-
try and vice versa. Direct involvement of industrial researchers and developers at knowledge insti-
tutions ensures optimal interaction between challenging cases from the business community and 
the knowledge institutions where new experts are trained. 
 —  
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CONDITIONS  

 

O R G A N I S A T I O N  A N D  G O V E R N A N C E  
 
This National Agenda was created by a core team, five writing committees and a sounding board 
group from the computational sciences community. For the development of the focus areas, writing 
committees were set up with scientists with relevant expertise. A sounding board group consisting 
of more than 30 experts, with representatives from national platforms, industry and topsectors 
provided feedback in the process. This agenda sets out the main focus for computational sciences 
and is the start of a longer process in which concrete actions will pave the way towards realisation 
of the roadmap action lines. The core team will serve as a driver to set up the governance for a 
computational science platform, which can serve as a basis. The involvement and commitment of 
the younger generation of computational scientists and professionals from different disciplines 
and sectors will be a crucial aspect in the realisation of the actionlines. It also depends on policy 
choices related to climate action, digitalisation and key enabling technologies. 
 

F U N D I N G  D I M E N S I O N S  
 
The intended outcome of this national agenda is not only the implementation of a scientific agenda 
(see focus areas), but also strengthening and making the Dutch computational sciences community 
more cohesive. It is essential to set up a well-functioning platform that remains informed of the possi-
bilities and needs of this community, and that provides strategic and tactical guidance on that basis. 
The sustainability objectives embraced by the government for the middle of this century are central 
to this. The considerable throughput time between initial exploratory research and successful upscaling 
of sustainable technology determines the urgency of the programme. In order to actually contribute 
to the government objectives for 2050, exploratory computational research will have to be started 
before 2025. This requires a significant investment. Despite the diverse nature of the field covered 
by this national agenda, the top-down funding flows can be estimated reasonably well. An order of 
magnitude estimate gives a current dimension of roughly 1000 researchers across academia and 
industry. That equates to a budget of more than 100 million per year, which is a limited amount given 
the very broad nature of computational sciences. The investment required to implement the above 
action points of the agenda would be of the order of magnitude of 10-20%. In other words, with a 
relatively modest investment of 10 to 20 million per year, computational sciences can be a major 
driver of technological developments and innovation for a sustainable future. When this amount is 
paid not only from public funds, but to a large extent by the business community – ideally 30-50% – 
this will result in a healthy focus on scalable sustainability applications.

—  
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