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Chapter 1 - Introduction 

1.1 Working together on important tasks - the core of COB 

The COB network has formulated a long-term vision on tunnels in 2016. What challenges are we facing, what social 

and technological developments are of relevance to the tunnel sector, in relation to which aspects is control desirable 

and possible and how should it be implemented? 

 

When COB was founded over 20 years ago, it was because we had a joint task in the Netherlands: We wanted to be 

able to drill in soft soils to provide inner cities with an underground infrastructure. An integrated programme for 

clients, market parties and knowledge institutes was formulated, based on a combination of fundamental and 

practical research carried out with, for and by projects and people with practical experience. Precompetitive and 

public. We managed to achieve in 15 years what had been impossible before, and the drilling of the North-South 

metro line in Amsterdam was the ultimate achievement.  

This new tunnel programme can also be seen in this light. We cannot yet build, manage or renovate adaptively 

without disturbances or with maximum value creation. But by 2050 this will no longer be a challenge, but a fact of life. 

2050 has therefore been used as an ultimate time reference for a practical programme for the first five years. This 

approach is in line with the formula that the COB network knows and believes to be a success: a combination of 

practical research, involving scientists and market parties, as well as learning processes and implementation in 

projects and sharing of knowledge and experience with and by professionals. That is also how this programme has 

been created. Just under 50 people have actively participated in the process of writing this programme, doing the 

calculations for it and contributing their ideas for it, and nearly 150 people and organisations in the Netherlands and 

abroad are involved in reviewing it. 

 

This programme specifically identifies and translates the challenges we are facing in the Netherlands. This publication 

offers an overview of those challenges and the associated investment needed to give tunnels a significant quality 

boost in all their aspects (social, political, spatial and financial).  

 

This publication is intended for stakeholders throughout the sector and aims to: 

• Actively involve core players in the design and implementation of the programme; 

• Mobilise support and commitment; 

• Raise national and international funding for further development. 

• Include in this program (nearly) all new constructions and tunnel renovation projects.  

• Gradually innovate and learn from tunnel projects. 

 

The ‘Long-term vision on tunnels in the Netherlands' was published in the autumn of 2016 following a comprehensive 

consultation round within and outside the COB network. It identifies a long list of developments that affect the tunnel 

of the future. The full publication can be downloaded from www.cob.nl/langetermijnvisie. In the period from January 

to September 2017, the COB network, together with external experts, translated that vision on tunnels into concrete 

goals and an integrated programme.  What is the best way for the Netherlands to prepare itself for the future 

described in the long-term vision? How does the COB network create focus and how can it help solve common 

challenges? 

 

The result is an ambitious program with four development lines that can only be tackled jointly and where everyone 

benefits: clients, owners, contractors, science and society. The COB network hopes you enjoy reading this document 

and looks forward to engaging in a dialogue with you about its implementation.  

http://www.cob.nl/langetermijnvisie
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1.2 It must and can be done better 

It often happens both during renovation and new-construction projects that the need may arise for additional 

research and additional work – unexpected, unscheduled and unbudgeted. The recent discovery that the concrete in 

four recently built tunnels may be less resistant to extremely large fires than previously thought shows that in some 

areas there are still knowledge gaps as well as insufficient attention to testing and sharing of knowledge and 

experience. But we also see that tunnel owners are beginning to realise more and more that the tunnel being 

tendered for today will probably not meet the requirements of that new era. Tunnels should not put a brake on 

desired developments, such as Smart Mobility. 

 

Will construction, maintenance and renovation of tunnels ever become business as usual? Are we able to initiate 

tunnel projects and work in operation and management with high predictability and maximum availability? The COB 

network is convinced that it can. And not only that. Building and renovating can be done not only with significantly 

fewer disturbances but with more social value too. This can also be achieved in a relatively short period of time. More 

than that, this is a must. The huge renovation task and the large number of new construction projects between now 

and 2025, combined with the strong growth in mobility and urbanisation, demands quick action. Socially and 

financially we cannot afford to burden the traffic network with long term closures due to renovation, with unexpected 

logistical and financial setbacks and with a tunnel network that is unable to move with the challenges that lie ahead. 

But there is a clear dot on the horizon, or, to use a more fitting metaphor, light at the end of the tunnel. The COB 

network moves towards that light following its principle goals: ‘fewer disturbances', 'more value' and 'adaptivity'. This 

programme describes how it does that. 

1.3 The challenge 

The Netherlands is facing major spatial challenges. The predicted population growth (+ 950,000 to 2030) will mainly 

affect the Randstad, resulting in more mobility and additional space constraints. Given the fact that additional space 

constraints in the past led to an increase in underground space use, it is expected that underground space will be 

urgently needed to provide acceptable solutions. For mobility, this means: more tunnels for road, rail and light rail. At 

the same time, there is a huge renovation task. Many tunnels have been built since the mid-1960s, and they will have 

to be renovated in the coming period. 

 

These challenges demand a reorientation of the position of tunnels in their environment and how they are built, 

maintained and managed. The network and the role of tunnels in it is changing, the focus will be on sustainability and 

the demands placed on the reliability, availability and disturbance limitation of tunnels throughout their entire life 

cycle become increasingly higher. In addition, while broad social and technological developments determine the 

context of tunnels, the exact pace and scope of those developments – such as smart mobility and resilient cities – are 

still unknown.  The ability to adapt to these developments, adaptivity, is therefore critical. 
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Chapter 2 - What are we up against?  

The ‘Long-term vision on tunnels in the Netherlands' was published in the autumn of 2016 following a comprehensive 

consultation round within and outside the COB network. It identifies a long list of developments that affect the tunnel 

of the future. As background to the development of concrete tasks, these developments are summarised below. The 

full publication can be downloaded from www.cob.nl/langetermijnvisie. 

Space constraints  

Demographic developments have a direct impact on available space and mobility in our country. Of the expected 

growth of the Dutch population – almost 950,000 people between 2015 and 2030 – almost three-quarters will take 

place in the larger municipalities (100,000 or more additional inhabitants). 

Underground space use, in this case tunnels, helps create new available space above ground and thus improves the 

quality of the living environment. We have observed in recent years that tunnels are no longer seen as separate 

objects, but as part of a larger system with bigger ambitions, such as A2 Maastricht, Spoorzone Delft and Zuidasdok. 

Tunnels in urban areas perform more functions. In addition to making cities more accessible, where the functionality, 

availability and safety of tunnels represent three crucial pillars, the quality of life becomes the fourth pillar in the 

decision-making process regarding the construction of new tunnels or the renovation of existing tunnels. 

 

As space constraints predominantly play a role in urban areas, cities and urban partnerships – be it in combination 

with private parties or not – will increasingly become clients in the construction of new tunnels. The government will 

be playing that role in new tunnel projects relatively less often. 

Mobility pressure 

Additional mobility pressure arises in cities because a relatively large part of the transport time is spent inside cities. 

Apart from the autonomous growth of car mobility, there has also been an increase in small-scale freight transport, as 

more and more purchases are made on the Internet. In cities especially, this increase creates extra congestion, CO2 

and particulate matter emissions. Electrical transport slightly solves these problems but creates new ones instead, 

such as a possible risk of batteries catching fire. Better utilisation of underground space and the utilisation of space 

around and on motorways will be necessary to make and maintain the habitability and economic viability of cities. The 

new fuels and modes of transport will create additional safety challenges. Not only in tunnels, but within the entire 

urban system. It is no longer just a concern for tunnel safety, but for the integral safety within the city. 

Smart mobility 

Vehicle control will change over the years. Initially, drivers will receive support in performing their driving tasks but, 

over time, inbuilt systems in cars will fully take over. This development will lead to smart road systems/networks. For 

self-driving vehicles to be able to distinguish between different objects, nearby objects will have to share information 

in some cases. However, it is wrong to think that all the required intelligence will be inside the vehicle. The 

expectation is that some intelligence in this area will also have to be placed inside tunnels, although it is still too early 

to say in what area that will be. It is also expected that there will be a transitional period during which several systems 

will co-exist. During the transitional period, in addition to the current safety systems, the tunnels will also have to be 

equipped GPS and communication systems, just like cars. 

 

In addition, the role of the tunnel user (the motorist) will become increasingly important. We cannot predict to what 

degree new technology will be accepted. We will have to learn to understand how to influence the user's perception 

and how people and technology will interplay. 
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Big data 

Tunnels will become part of smart cities, where all kinds of objects collect data. Analysis of that data provides 

opportunities to improve flow and safety in tunnels, save energy and improve services. But there are risks too. For 

example, information systems can be hacked. Attention to privacy and cybersecurity is therefore a must. 

 

Technology is developing so fast that, within a relatively short period, there will be numerous applications that we 

cannot even envisage at the moment. We do not yet have an idea of the duration of that transitional phase. 

Moreover, it is not self-evident that the potential benefits of big data will actually ever be achieved. There may 

develop a friction between central and individual optimisation.  

 

There is a trend towards considering the human factor in big data development. We are not able to fully control that 

factor, but we will have to understand and learn to influence it more. As for the acceptance of the use of big data, we 

do not only deal with professional decision-making, construction and maintenance, but also with 

operators/administrators and tunnel users. 

 

As technology options increase, users' expectations grow too, both in terms of ambition and tempo. They expect that 

traffic flow disturbances will be considered as avoidable in the future. It is no longer the user who has to adapt to the 

network, but the network has to adapt to the user. Safety systems will move from prevention through signalling to 

prevention through prediction, whereby road systems, including tunnels, will be proactively communicating with road 

users and vice versa. These developments speed up the process from thinking in terms of objects to thinking in terms 

of systems. 

Less tolerance for disturbances 

Reducing and even eliminating disturbances will eventually become the norm. The impact that major infrastructural 

projects, especially in cities, still have on the quality of life and the availability will no longer be acceptable in the 

increasingly busy cities. This applies to both construction and management, maintenance and renovation. The impact 

of a tunnel closure is felt in an increasingly wider area, often affecting the entire region. 

Integrated policy and the Environmental Planning Act 

The government abdicates more and more control to citizens and the market. This trend can be seen in the legislation 

and the organisation of government agencies. We also see that the transition from fossil fuels to renewable energy 

sources and international climate agreements directly affect all decision-making on infrastructure, including tunnels. 

 

As a result of the introduction of the Environmental Planning Act, the PBL Netherlands Environmental Assessment 

Agency published a policy letter in 2016, in which we can recognise the same integrated approach as the one the COB 

favours for the long-term vision on tunnels: ‘The Environmental Planning Act calls for coherence and breadth in the 

National Environmental Vision, and the wide-ranging policy area of the physical living environment also needs 

direction.’  

 

Meanwhile, we see a broad internal discussion at Rijkswaterstaat about the role of the organisation in an ever faster 

changing, more complex environment. 'Working from our purpose' is the red thread in the Rijkswaterstaat publication 

‘Horizon 2020'.  

 

Integrated planning takes centre-stage in the new Environmental Planning Act. This will cause tunnels in the (urban) 

environment to be seen less and less as separate objects and increasingly as part of a larger (infra and spatial) system. 

This requires a firmer and different positioning of tunnels. The motives for building tunnels have diversified over time. 

This diversification process is still ongoing. The first tunnels in the Netherlands were seen as isolated objects in a 

transport corridor constructed for the purpose of crossing a waterway or improving the flow of traffic. Meanwhile, 

more reasons have emerged for building tunnels, such as connecting city areas, allowing for new aboveground 

functions and enhancing the living environment. These social tasks play a part in the replacement and renovation 

tasks for the coming decades and, therefore, affect the construction and renovation of tunnels. 
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Once we consider tunnels as part of a complex environment, the process of design, construction and management 

changes. Tunnel projects become integral, complex tasks with a multifunctional, multidisciplinary, multi-actor and 

sometimes multimodal character. The number of factors that have to be taken into account grows exponentially. And 

this complexity demands new competences. 

Zero energy network and energy transition 

The government, provinces and cities have announced bold ambitions. The fact that road tunnels are ‘energy guzzlers' 

means that a relatively high energy reduction is possible. The Ministry of Infrastructure and the Environment already 

noted in 2014 that tunnels are responsible for the increase in energy consumption by infrastructure since 2012, which 

will continue to increase until 2020. Of the total energy consumption for Rijkswaterstaat's primary processes, tunnels 

are already responsible for 16% (22.7 GWh/year). With the construction of several new tunnels, that share will 

increase further in the coming years. The main point here is not the cost-effectiveness of energy consumption, but 

that it constitutes a highly undesirable development within the context of RWS's policy aimed at having an energy-

neutral network by 2030. In addition, the energy transition also has an impact on tunnels, for example, because 

tunnels can be used to link new networks or for energy storage. 

Climate adaptation  

The government wants to protect the Netherlands against high tides, ensure adequate freshwater, combat soil 

subsidence and prevent flooding caused by heavy rainfall, now and in the future. The Netherlands must be organised 

in such a way as to become climate-proof. The Netherlands must anticipate the effects of climate change, including 

rising sea levels, changing rainfall patterns and heat stress in cities.  

 

The current climate adaptation policy creates a major challenge for tunnels. How can tunnels be kept dry during 

increasingly heavy rain storms, when large volumes of precipitation fall in a short period of time? Can (some) tunnels 

act as temporary water storage facilities to prevent flooding in cities? And what measures are needed to ensure that 

tunnels can remain available in times of flooding? In view of the tendency in the water safety policy to assume more 

self-reliance and evacuation of people from endangered areas, these are important questions. Evacuation routes from 

urban areas often go through tunnels that overflow rapidly during a flood. Climate adaptation also raises specific 

technical questions. Developments in the field of renewable energy sources can affect the environment surrounding 

tunnels and specifically its underground part. For example, thermal energy storage in the soil causes stronger 

fluctuations in groundwater levels. The risk of tunnels lifting can therefore increase.  

 

What are we up against:  

Space constraints, mobility pressure, smart mobility, big data, changing government, empowered citizens, the energy 

transition and climate adaptation are the most important developments we are facing. COB’s 2016 investigation has 

produced a vision about the tunnel of the future. This programme translates that vision into three goals and a 

corresponding action programme.  
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Chapter 3 - Three goals: fewer 
disturbances, more value and 
adaptivity 

According to the vision that was launched jointly at the end of 2016: 

 

The tunnel of the future is a smart object constituting one whole with its environment, the city and the 

traffic network. It is built and renovated without causing disturbances and provides maximum 

availability during its lifetime. The tunnel adds value above and below ground, promotes flow, is safe, 

and is valued in its form and function by users, owners, citizens and other stakeholders. Decisions are 

based on a balanced assessment of four factors – functionality, safety, availability and quality of life. 

Tunnels contribute to a climate-neutral and circular Netherlands. The COB network has adaptive and 

integral thinking in its blood and allows room for new technical and social developments. 

 

In the past months, the COB network has translated that vision into concrete goals and an integrated 

programme. 

Goal 1: Adaptivity 

The programme focuses on the joint development of intrinsically adaptive tools and processes. Adaptivity is seen 

here as an integrated goal, which stands above the other two goals.  

 

The COB network is convinced that the design, construction, management and renovation of tunnels must be 

done adaptively. The unpredictability and speed of social and technological developments demand an adaptive 

attitude (as a competence), an adaptive process (as a method) and adaptive solutions/products (as a result). This 

means that the tunnel of the future is an adaptive tunnel, both during its creation and utilisation phases and at 

the end of its life. The tunnel's adaptability is not limited to (the material usage of) the tunnel including all 

installations, but also includes the multifunctional use of the tunnel and adaptability in time (differences 

between day and night or winter and summer) depending on user needs. 

 

Standardisation can contribute to smart and effective adaptability now and in the future. As long as 

standardisation does not result in uniformization, standardisation will not act as a brake on innovation. That 

balance must be looked at properly. 

Goal 2: Fewer disturbances 

What is the definition of fewer disturbances in the context of this programme? 

• Increase network availability. This can be made possible by building and renovating faster, making 

tunnels ready for opening faster, having to close a tunnel less frequently for renovation and scheduled 

and unscheduled maintenance. 

• Increase   

This can be made possible by preventing delays in execution, reducing failure costs and avoiding any 

unplanned costs in construction, renovation and management. 

Goal 3: More value 

In addition, there are opportunities for the Netherlands to add more value to tunnels by, together with the 

environment and all stakeholders, looking closely at the functions of the tunnel, the (potential) benefits and 

beneficiaries and the flexibility in functions in the construction and renovation process.  
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What is the definition of more value in the context of this programme? 

• Add quality to the (urban) network 

• Future-oriented building 

• Thinking, designing, building and renovating from a system-based vision that focuses on the environment, 

integral safety and sustainability. 

Three goals, four development lines, nineteen tasks 

The COB network has been very consistent in formulating the tasks to shape the three goals. The 50 people who 

worked in different groups, the signals we received from platforms, new construction projects and renovation 

projects, from participants and through other national and international contacts all seemed to point in the same 

direction. There is a lot of interplay between the four development lines. Simultaneous implementation, spread over 

the next five years, provides an integrated approach, monitored by COB. This approach must ensure that the 

objectives can also be realised effectively and that there are no sub-optimisations with a limited impact.  

The four defined development lines 

 

1. Adaptive installations  

We need adaptive installations that allow us to make changes without compromising the safety or availability of the 

tunnel. At the moment, any change in the installations or the control and operation of an existing tunnel immediately 

impacts the availability and, if this is a new tunnel, it may also affect the obtaining of the opening permit. That is an 

undesirable situation. Tunnels are built at locations where traffic must flow continuously. From an economic point of 

view, the availability of tunnels is a must. Adaptive installations have been developed in five coherent tasks. See 

chapter 4 for further details. 

 

2. Different civil construction and renovation 

 At first glance, there seems to be a contradiction in terms between adaptivity and civil structures. The notion of ‘cast 

in concrete’ appears to clash with the notion of adaptivity. It is, however, the civil structure itself that generates 

disturbances during the construction and long-term shut-down during renovation. Civil structures in particular can 

make value creation possible through flexible use, sustainability and beauty. To create fewer disturbances and more 

value, civil construction and renovation must be done differently, more adaptively. Different civil construction and 

renovation has been developed in four more or less independent tasks. See chapter 5 for further details. 

 

3. Digital tunnel twin 

The digital tunnel twin is a very effective tool for designing, building, commissioning, managing, renovating and 

adapting the tunnel better, faster, with fewer disturbances and more value. Within the framework of the long-term 

vision, the digital tunnel twin includes all developments in the field of virtualisation, operating interface, modelling, 

simulation, gaming and information provision for the tunnel system. The digital tunnel twin has been developed in 

eight coherent tasks. See chapter 6 for further details. 

 

4. The tunnel as a valuable part of its environment 

By looking at the environment (system thinking instead of object thinking), we actively investigate whether a tunnel 

project (newbuild or renovation) can serve more interests, not just the mobility one. A timely, comprehensive 

inventory of the interests of all stakeholders can contribute to fewer disturbances and more value. Taking other 

interests into account may reduce the (experience of) disturbances and increase the added value for the city or 

region. In addition, the current funding and financing structure is object-oriented and does not take beneficiaries 

outside the object into account. These parties benefit from the tunnel without paying for it. By identifying and 

integrating these beneficiaries into the project, the tunnel also better fits the needs of the environment and creates 

new possibilities for funding. The tunnel as a valuable part of its environment has been developed in two more or less 

independent tasks. See chapter 7 for further details. 
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Explanation of the structure of the development lines 

In the following chapters, the development lines and the tasks within them are always described in accordance with 

the same format: 

• Explanation of the problems, the desired future image and the need for this (what does it produce in terms 

of fewer disturbances, more value and more adaptivity).  

• The concrete tasks for the relevant development line. 

• First steps for the first five years of the programme. What should happen first, what's next and how much 

will we achieve by 2022? This part has of course already been described in detail. 

• Long-term ambitions: Where will we be in 10, 20 or 30 years’ time? What is our vision for 2050? 
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Chapter 4 - Development line 1:  
adaptive installations 

4.1 Explanation  

At the moment, any change in the installations or the control and operation of an existing tunnel 

immediately impacts the availability and, if this is a new tunnel, it may also affect the obtaining of the 

opening permit. That is an undesirable situation. Tunnels are built at locations where traffic must flow 

continuously. From an economic point of view, the availability of tunnels is a must. We need adaptive 

installations that allow us to make changes without compromising, permanently or temporarily, the safety 

or availability of the tunnel. 

 

Tunnels should, just like smart home appliances (home automation, think of smart thermostats and 

lighting), be equipped with plug-and-play installations that allow automatic updates, quick replacement and 

just-in-time replacement. Installations that are so intelligent that they can anticipate the need of the 

moment. This requires intelligent systems developed from a control and availability perspective. 

 

The first point of attention for installations is to change installations in light of evolved views on safety and 

tunnel usage. The civil structure of a tunnel functions as an underpass. The tunnel's installations ensure that 

the tunnel is safe and comfortable. The perception of what safety and comfort consist of changes 

continuously over a tunnel's lifespan. One hundred years ago (the lifespan of a tunnel) traffic looked 

completely different to nowadays. We also thought differently about safety. By way of illustration: When 

the Maastunnel was opened in 1942, a tunnel keeper walked around in the tunnel even though there was 

no ventilation there. For a long time, there was also no official speed limit in tunnels, resulting in 72 

fatalities in 1956. Nowadays, fortunately, we find these kinds of situations unacceptable. And in 25 years’ 

time, we will probably find the current state of affairs unbelievable. As the oldest tunnel in the Netherlands, 

the Maastunnel shows that, although there has been little change in the tunnel in civil engineering terms 

over the past 75 years, its use and installations have been constantly changing.  

 

Even though it is not exactly known when and how, there will be a shift which will upgrade and downgrade 

installations in tunnels or even make them completely redundant. Will we get smart tunnels in combination 

with smart mobility, or will the tunnel become less intelligent, allowing us to remove installations? Tunnels 

must not be a barrier to such developments. After all, the Netherlands benefits from a smooth, operational 

and safe mobility system. 

 

In addition to adjustments in installations due to changes in the safety level or use of the tunnel, there is 

also an attention point with respect to maintenance. Installations (or parts thereof) have a much shorter 

lifespan than the civil structure. Electrical components need to be replaced regularly, preferably before they 

fail causing a function failure. Or, systems need to be replaced because there are no spare parts available 

anymore. It should be possible to do all that without compromising tunnel availability. The current choice 

for redundant execution can thus be implemented less heavily, which contributes to the reduction of CO2, 

both in terms of energy use and material use. 

 

The fourth point of attention for installations comes from a broader social perspective. Society demands 

that objects should be recyclable and that their carbon footprint should be zero For tunnels, this represents 

a major challenge. There are currently installations which contain many environmentally-harmful raw 

materials, and tunnels are energy guzzlers when in use because of the installations.  
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4.2 The first steps: 2018-2023 

In five years, we will be able to replace installations in tunnels in the Netherlands without losing the existing 

functionality. We will also be able to exchange the installations without the need for more tunnel closures than those 

already scheduled for regular maintenance.  

The first tunnels will be delivered with mainly cradle-to-cradle installations. Installations account only for half of the 

current energy consumption. 

We have test centres where subsystems can be certified. Integrated functionality is developed beforehand and 

verified via a digital twin of the tunnel, so that it is known in advance that a change or newbuild will work properly. 

Depending on the speed of the implementation of the digital tunnel twin, the development line will link adaptive 

installations to and in the twin. As soon as more tunnels provide data, system parts-level performance can also be 

compared.  

Artificial intelligence for tunnels will have less priority during the first four years. However, developments must be 

closely monitored, not just within the infra domain but definitely outside it too. 

 

 

This development line is divided (for the time being) into five concrete tasks, which are explained in more detail below. 

 

1. Modularity for installations 

2. Cradle-to-Cradle for installations 

3. Linking installations to a digital tunnel twin 

4. Artificial intelligence for tunnels 

5. Legal, statutory and policy implications 

Task 1: Modularity for installations 

Modularity for installations (plug & play) will quickly lead to fewer disturbances due to a much greater availability. Work 

will need to be done on standard structures for technical installations within tunnels. These structures will utilise the 

current, more functionality-oriented structure and allow the tunnel to support more modularity at the level of sub-

installations. The structure of those sub-installations must, of course, be designed for safety and digital resilience. The 

functionality of subsystems can then be clearly defined, also in relation to each other. This enables optimisation in 

subsystems without endangering the functionality of the tunnel. 

Modularity also involves the development of methods and systems that make it possible for existing tunnel installations 

in need of renovation/replacement to receive an upgrade without long tunnel closures. 

Action: Find support for integrated approaches by client, contractor and knowledge institutes 

Many parties are involved in changes in tunnels, especially when establishing appropriate standards and releasing the 

tunnel for traffic after changes or new construction. The National Tunnel Standards, urban tunnel standards and the 

methods and regulations as set out in the WARVW and RARVW (additional regulations for safety in road tunnels act) 

already provide a solid framework for this. The parties must be brought together to jointly develop an integrated 

approach. This is linked to the I strategy (information provision and industrial automation) as currently rolled out by most 

clients (more standardisation, block construction, etc.). 

Action: Examine and determine possibilities for modularity  

The stakeholders will jointly investigate how the modularity of installations can be created. Research points include:  

• Establish default interfaces for subsystems. 

• Set up a test centre to verify the functionality of installation parts prior to installation. 

• Simulate changes beforehand via the digital tunnel twin of each tunnel. 

• Develop methodologies that help guarantee the integrated functionality of the tunnel when a subsystem is 

changed. 

• Certification of modules or subsystems. 
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Action: Develop methods for faster changes within existing tunnels 

Installations will also need to be modified in existing tunnels without modular construction. For this purpose, methods 

should be established to support the market in modifying installations with a minimum tunnel closure. Examples of 

research points are: 

• Establishing equity declarations for installation parts, which may reduce verification time when applied. 

• Define an approach whereby part of the verification can take place earlier. 

• Put together a book with examples of changes in existing tunnels made without additional closures. 

Action: Apply adaptive installations in new construction projects and renovations 

The activities of the first three action plans will have to lead to the actual application of adaptive installations in 

existing and new tunnels. Owners, managers and market parties involved in these tunnel projects will have to jointly 

discuss a logical rollout where project-to-project learning and small-step innovations are used as guiding principles. 

Task 2: Cradle-to-Cradle for installations 

This task relates to circular construction. The short lifetime of installations, in relation to the current contractual forms 

of the construction and renovation of tunnels, impedes choices for circular construction. It helps the market when the 

opportunities for circular installations are clearly defined, and contractual space is created so that they can be used. 

This often works well with a reduction of the CO2 footprint. 

Action: Determine methods 

It will be determined how installation parts can be used with a cradle-to-cradle principle. Attention will also be paid to 

how it can be integrated into current contracts, so that a reference work can be created to support the forthcoming 

tenders of tunnels (such as COB’s Growing Book: Energiereductie en Renoveren kun je leren). 

Task 3: Link to the tunnel twin of installations  

Installations must share their information, actions and results in the tunnel with the digital tunnel twin, so that 

changes can be identified and tested.  

Action: Define default interfaces from the installations 

Establish an expert group with people from the market, government and science that will decide on a definition and 

specification of standard interfaces for digital tunnel twins, also in relation to the yet to be established national test 

centre currently being discussed by RWS. 

Task4: Artificial intelligence for tunnels  

The use of artificial intelligence (AI) must be tested, especially in combination with safety. This also includes a legal 

component. Who is responsible if an error causes a dangerous situation in a tunnel? AI is already used more and more 

at subsystem level. It must be determined how AI can be linked to a central level (i.e. for the entire infrastructure) and 

regulated by law, with an important focus on digital resilience. 

Action: Monitor developments in AI 

This will be organised and shared by the experts within the COB, including through the Cyber Security Working Group, 

and, if appropriate, knowledge of these developments will be shared within the industry. The first AI results are 

expected in subsystems already in five years. This includes recognising situations on camera systems, and recognising 

specific situations on SOS/SDS systems (low speed and stationary vehicles).  

Task 5: Legal, statutory and policy implications 

The long-term perspective is not as far away as we often think. Many of the goals are already achieved in other 

market segments. The difficulty lies not only in developing new systems, but also in the process of changing 
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perceptions in safety, reusability and legal liability and translating that perception into legal, statutory and policy 

frameworks. And those developments need to keep pace with other trends, such as other forms of energy for cars, 

self-propelled cars, other transport methods (e.g. drones) and more underground construction in urban areas. 

 

Action: Provide knowledge 

The stakeholders envision a role for the COB network as a mature interlocutor and provider of knowledge, 

experiences and considerations with parties such as the Dutch Ministry of Infrastructure and the Environment, the 

Mobility Programme, the Safety Regions, etc.  

4.3 Long-term ambitions (until 2050) 

Somewhere in the first 10 years, a new task will be created. Vehicles will become ever more intelligent and self-driving 

to a larger extent. In addition, the use of the road network is expected to change, driven by the move to the cities that 

is already taking place. The result of the changes is that the installations that are required in tunnels will change. The 

big issue here is not what the installations should do but how the transition between the existing situation and the 

new situation can be carried out safely and efficiently. 

By 2050, technical installations will have the intelligence to respond independently to sudden changes in the 

conditions in the tunnel or in the tunnel’s environment. The tunnel will be self-managing and fully integrated in its 

environment in terms of functionality and taking action. Risk-based design (intrinsically safe) reduces the dependence 

of security systems (just like the maintenance task) and increases the availability of the entire system.  

Technical installations will be highly available by 20501. They will proactively provide a high level of safety, ensure full 

tunnel availability in terms of functionality and have maximum digital resilience. The systems will be adaptive and self-

healing. If necessary, the tunnel itself will request maintenance for its installations/systems in order to guarantee 

continued functionality. 

The environmental impact is minimal, with a very low CO2 burden which can easily be compensated. In addition, 

installations are realised fully cradle-to-cradle. As a result, each tunnel can be built and maintained with a zero carbon 

footprint. 

The digital tunnel twin (see relevant development line) provides the framework and incentives needed to grow from 

object improvement (installations in individual tunnels) to system improvement (the tunnel becomes a smarter part of 

the network) with the aim of maximising the user support and making the tunnel intrinsically safer. Lessons learned 

can be easily implemented in other tunnels. 

Specific modularity ambitions for installations 

In 10 years, the impact on full availability of each solution of a subsystem can be predicted. The subsystems are much 

more intelligent, and can also predict failures autonomously, detect deviating situations and are standardised in such 

a way that conversion of subsystems causes no or much less inconvenience. 

In 20 years, the subsystems will be structured in such a way that they will not generate any unavailability within 

tunnels. All vulnerable system parts will then be accessible for maintenance, and the system parts that cannot be 

reached without closure will have a lifespan that requires no maintenance. The subsystems in tunnels will probably 

also have more common ground with the environment at the time, thus ensuring complete functionality across the 

entire road network. 

Specific cradle-to-cradle ambitions for installations 

In 10 years, the use of cradle-to-cradle installations will have become standard. The standard CO2 footprint of the use 

of tunnels has reduced to zero due to the use of alternative energy sources. 

                                                                 
1 Definition used in the National Tunnel Standard. Tunnels below that category must meet additional requirements. 

Also see LTS System Specification 3.4.1 and 3.4.2 
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In 20 years, we will use much fewer installations in tunnels as a result of changed modes of transport. Tunnel 

installation parts will by then become very energy efficient. A tunnel will then be a part of a larger system, and the 

cradle-to-cradle principle will increasingly be developed at the level of a local area. 

Specific ambitions for linking digital tunnel twins 

When sufficient tunnels have undergone this development, somewhere between five and ten years from now, tunnels 

can be compared for performance. The installations have standard interfaces, so they can easily be integrated into 

existing (and new) tunnels, without leading to large-scale testing or the probability of mismatched functionality. By 

continuously comparing the performance of system parts from tunnels, best practices become commonplace fast and 

the innovation force from the industry or the world of knowledge will develop faster. 

Specific artificial intelligence ambitions for tunnels 

In 10 years, dangerous situations in tunnels will not just be monitored, as is already the case, but AI will also be 

present to predict dangerous situations. These predictions will in the first years be submitted to the traffic controller 

first. As a result, together with the situations that occurred in other tunnels, the AI learns and becomes better. 

One problem that arises here is that the behaviour of intelligent cars in the tunnel is much more predictable and safer 

than that of the cars that are still operated manually. 

Around this time, the first conclusions concerning AI and safety will have been drawn. The corresponding legal 

framework, also directed from other domains, will by then be clear. 

In 20 years, AI in tunnels will be linked to AI that is by then present in the vehicles that use the tunnel. This gives a 

much better picture of the situation in the tunnel, which means that human intervention is almost superfluous. 

In 30 years, tunnels will be seen as self-governing objects moving along with the use of the traffic link at the moment.  

Specific ambitions for legal, statutory and policy implications 

This is a continuous process of aligning and assessing, and of providing policy-makers with knowledge and 

experiences. For a detailed description of a system proposed by us, we refer to Annex 2. 

 

 

 

  



 

Pagina 18 van 46 

 

Chapter 5 - Development line 2:  
different civil construction and 
renovation 

5.1 Explanation and tasks 

Looking at the ambitions as described in the long-term vision on tunnels for the Netherlands, there initially appears to 

be a contradiction in terms between adaptivity and civil construction. The notion of ‘cast in concrete’ appears to clash 

with the notion of adaptivity. It is, however, the civil structure itself that generates disturbances during the 

construction and long-term shut down during renovation and also influences value creation through flexible use, 

sustainability and beauty. To create fewer disturbances and more value, civil construction and renovation will have to 

be done differently, more adaptively in the Netherlands.  

 

Four tasks have been formulated for this development line, each contributing to the ‘fewer disturbances’ and ‘more 

value’ goals: 

 

• Understanding the lifespan of underground structures must help ensure that tunnels will never have to 

undergo a major renovation.  

• Use of new technologies that cause fewer disturbances and generate more value through improved 

sustainability and a smaller CO2 footprint.  

• More robust structures provide more room for manoeuvre for adaptivity and renovation, and allow the 

attaching and developing of networks under and above ground.  

• Umbrella task: legal, statutory and policy implications 

 

The first three are more or less separate tasks. Therefore, separate explanations have been included, supplemented 

with the 2050 vision and an overview of the short- and long-term steps to be taken. On this page, we briefly explain 

the umbrella task. 

5.2 Umbrella task: legal, statutory and policy implications 

Innovations in the civil tunnel soon affect, for example, the regulations in the Buildings Decree and the RARVW. 

Obviously, the goal is to make the innovations comply with current requirements and laws, but there may be a 

moment when the same law or requirement no longer fits the developed, desired innovation. Then, on the basis of 

good research, a comprehensive program of testing and validation and an extensive discussion with stakeholders, we 

must look at how and whether it is possible to allow such innovations anyway and whether or not stimulation is 

desirable if the social benefits are high enough to warrant that.  

Action: Provide knowledge 

The stakeholders envision a role for the COB network as a mature interlocutor and provider of knowledge, experience 

and insights for parties such as the Dutch Ministry of Infrastructure and the Environment, the Mobility Programme, 

Safety Regions, etc.  
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5.3 Civil task 1: insight into lifespan of underground structures 

Many road tunnels date from the 1960s and 1970s. These tunnels are now over 50 years old. The Maastunnel is the 

mater familias among them and will undergo a large-scale renovation in 2017-2018, closing down for two years. 

Tunnel closures have a major social and economic impact. Tunnels are often part of an intensively used road network. 

Therefore, the shorter the duration of shut-down for renovation or maintenance, the better. Moreover, the 

renovation of all tunnels requires major investment. It is desirable to have a good idea of the required short-term 

adjustments and the work that can be postponed, which would help determine the scope of renovations and allow 

the tunnel owners to move towards actual long-term asset management. But how do you determine what needs to 

happen? How do you determine the current state of (parts of) the structure and how do you monitor them with 

minimal disturbance for the users? What activities should be requested from the executive parties? Can the 

renovation be done in parts and if so, which parts? And how can the renovation have the least possible impact on 

availability? 

 

Until recently, less attention was paid to the civil structure. After all, tunnels are seen as robust concrete structures. 

Maintenance mainly consists of replacing asphalt and repairing (visual) damage to the concrete. However, 

unscheduled maintenance, (serious) failures and unexpected incidents are more and more common. It is known that 

the guiding principles of tunnels under construction were not always correct. We thought that tunnels, once 

constructed, would remain in place, but they do not. Materials have proven to be less suitable than previously thought 

and the environment in which tunnels operate has not been stable. Deepening waterways, the installation of 

windmills, expanding cities, changes in the traffic volume, all this influences the lifespan of tunnels. But we do not 

know how and to what extent.  

 

The monitoring and inspection of tunnels still depend on robust and static structures that are not affected by their 

environment and are accompanied by temporary impediments to users and, therefore, are far apart. This means we 

have an incomplete picture of the behaviour of tunnels in changing circumstances and limited knowledge of the actual 

lifespan. As a result, tunnel owners struggle to determine the scope of their renovation, the available budget and the 

fact that the available time simply is not sufficient for the necessary renovations.  

 

We see the following problems: 

• There is little fundamental and practical knowledge about the actual lifespan of the structure, for example 

the ageing of the concrete, joints, transitions and foundations. 

• There is little fundamental and practical knowledge about the relationship between the physical environment 

of the tunnel (soil, groundwater, changing river depths and widths, construction of other structures such as 

dykes and windmills) and the expected lifespan. 

• There is little fundamental and practical knowledge about the relationship between changing traffic volumes, 

network densification and urbanisation on the one hand and the lifespan of the tunnel structure on the 

other. 

• Current monitoring and inspection efforts do not give a clear picture of the behaviour of the tunnel due to 

changing circumstances. 

• Current monitoring and renovation strategies must (out of necessity) be implemented inside the tunnel tubes 

and create disturbances for users. 

• The mutual relationship between the above aspects and the inventory of potentially unknown risks has never 

been investigated because tunnels were too young, and the risks were therefore underestimated, whereas 

the need for such research is considered to be high. 

5.3.1 The first steps: 2018-2023 

In five years, we will be able to conduct inspections in the Netherlands based on validated means and methods that 

provide insight into the actual lifespan of tunnels. The scope of renovations is determined on the basis of structured 

and more factual knowledge-based considerations.  
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Action: Understand the actual lifespan of underground structures. 

Based on a decomposition on paper of various types of tunnels, analyse the knowledge about the actual lifespan, 

failure mechanisms, inspection technology, monitoring strategies, management mechanisms and their effectiveness. 

This will give us direction: What must be done first, what can wait? The result is a long-term (research and) 

implementation programme with the aim of never having to renovate tunnels again (read: as little as possible). Based 

on this fundamental and practical knowledge, tunnel owners and administrators will be able to take a fact-based 

decision for managing their asset. By combining this information, we will also understand hidden strengths and hidden 

lifespan and will be able to limit large-scale renovations to a minimum. 

Action: Create an action plan for good inspections 

Current inspection methods for tunnels are correct but do not include all aspects that should be considered when 

determining the scope of a renovation and the ways to control civil engineering risks. At the same time, inspections 

provide a great opportunity to gain more insight, provided that they are conducted correctly. The COB network aims 

to develop a guideline/handbook that would help the tunnel owner conduct a proper inspection based on state-of-

the-art technology, where that information does not focus on a snapshot, but much more on continuous monitoring 

and just-in-time renovation of parts. The information per tunnel must also be shared and interpreted in a central 

system, as is already the case with national tunnels in the field of installations. Relationship with COINS (Constructive 

Objects and Integration and processes and Systems) and ILS (basic information delivery specification) must be 

guaranteed. 

Action: Roll-out of a definition of the actual lifespan in renovation projects and construction projects 

The Kiltunnel and the Heinenoordtunnel (after the Eerste Coentunnel, the Velsertunnel and Maastunnel) are the first 

in a long row of renovation projects. A start can be made in these two projects with analyses as required for actions 1 

and 2. The starting point will be that the practical projects themselves will be ‘helped’ to get the correct scope of the 

renovation, to use the appropriate monitoring strategies, to review and validate the insights, and to take stock of, 

explore any solutions or have them implemented or investigated. Graduates and PhD students will be recruited for 

this work. 

 

By repeating this process systematically for all tunnels to be renovated, a complete picture of the actual lifespan of 

tunnels will be created over the next 10 years. The Netherlands will thus have an adequate and smart system to 

deliver well-founded statements on that subject and we will have solutions which demonstrably work and contribute 

to the actual lifespan. 

5.3.2 Long-term ambitions (until 2050) 

In 10 years, we will be able to assess in the Netherlands the lifespan of tunnels permanently and without invasive 

action. We will have developed an expert model to make informed statements about the desired scope of renovation 

and how to carry it out with minimal impact on availability. 

In 20 years, we will be able to solve the most common failure mechanisms with proven effective measures that also 

actively help extend the lifespan of the underground structure. 

In 30 years, we will be able to detect failure mechanisms at such an early stage that the required interventions will be 

smaller and cheaper and will have a minimal impact on tunnel availability. 

In 40 years, all tunnels will have been built and renovated with self-repairing materials, and all of the old materials will 

be fitted with sensors that allow quick intervention. 

By 2050, major maintenance of the structure won’t be needed any longer. The structure of each tunnel, as part of 

daily management and normal maintenance, will be reliable and available. 
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5.4 Civil task 2: new civilian technology that causes fewer disturbances 

The use of new civilian technology is necessary because the current technology causes too many disturbances and 

adds too little value. Think of the Noord/Zuid metro line or the Spoorzone Delft, where children are born and finish 

primary school with a construction site in their area. That can and must be changed. Think of:  

 

• Prefab/modular construction 

• Robotization 

• Drilling tunnels without a construction pit 

• Renovating tunnels in one night 

• Tunnel-in-tunnel construction 

• New materials, including synthetic materials 

• New synthetic materials  

 

Prefab and modular construction means we are working towards standard elements for the entire sector. This makes 

use of the least disturbing technology possible because the market has a greater certainty of recouping that 

investment. This method offers significant advantages to clients because it ensures greater sustainability and 

reliability of the elements with a stable quality that can be controlled more effectively. The disturbances from 

construction work are significantly reduced because the on-site construction period is much shorter. It is very 

important that the clients should want and prescribe standardisation. Within this development line, we should look 

not only at the standard dimensions, but at standardisation of the interfaces too.  

 

Robotization reduces on-site disturbances because the construction process that is carried out without people is more 

efficient and has a smaller margin of error. This includes an automated production line ('tunnel line') and 3D printing. 

Robotization will require much fundamental research, for example, into new materials suitable for this purpose. The 

question is when robots will be able compete with people in terms of costs. The COB network can explore how this 

development can be positively influenced. 

 

New materials must make the above innovations possible. Think of steel and synthetic fibres as a replacement for 

traditional reinforcement, composites as a replacement for concrete, as well as hybrid structures. We also must look 

for (new) materials that, while maintaining the desired strength, fire resistance, stiffness, and waterproofness, will 

improve the sustainability characteristics and reduce the carbon footprint of the structure. New materials and 

construction methods not specifically developed for underground construction but which are promising will have to 

be included in a research programme. 

 

Other construction methods must be developed that would eliminate the need for deep pits for tunnel construction 

in the urban environment. The logistics challenges of tunnel construction mainly concern transport movements. The 

new construction methods, as outlined in the other development lines, may reduce or minimise transport 

movements, but as they require a long development time, it is important to develop short-term solutions to this 

problem, partly because transport movements also cause major disturbances in the immediate vicinity and the region 

of the tunnel project. Can we learn from other sectors (such as supplying inner cities) or use big data to utilise time 

slots better? 

Think of the implementation of a mechanised tunnel process on surface level and the complete underground 

expansion of smaller mechanised pilot tunnels to the desired diameter. When tunnels are renovated, we will need to 

find ways to implement construction by scaling up technologies from the smaller infrastructure (such as relining2) 

faster. 

                                                                 
2 Relining is a method used in the small infrastructure, such as sewerage, where the existing pipeline is renovated 

using a new pipeline or lining. 
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5.4.1 The first steps: 2018-2023 

In five years, a research program will be underway to study new technology and materials and to test them for use in 

the underground. The first results will be applied in a proof-of-concept tunnel. 

Action: Selection of new materials and technology 

This determines which materials and technology may be considered for underground use. One can think of a series of 

workshops in collaboration with national and international technical universities. Subsequently, agreements can be 

made regarding graduation assignments, PhD students as well as designers. 

Action: Stimulate/start R&D research into standard details 

Researching the possibility of applying standard details to various tunnel nodes (in comparison with standard 

details of artworks). This can be applied both to in-situ poured sections (first phase) or (more challenging) to 

constructions assembled from prefab elements (second phase). Underpasses can also be part of this, for example, 

for rail and cycle tunnels that can greatly benefit economically from standard elements. 

Action: Proof-of-Concept Tunnel 

The whole market is working on a tunnel that can serve as a pilot project for the results of R&D research. For 

example, for applying new technology, materials or designs. 

Action: Designers develop integral concepts  

New technology, robotization, new materials, new synthetic materials, prefabricated and modular construction 

lead to new design. Design resulting from the inherent characteristics of materials and technology. This involves 

both (new) materials and technology as well as the integration of installations, including lighting (think of lighting 

that is durable, functional under all circumstances, safe and enjoyable). Designers and technicians will work hand 

in hand here. Results include integrated building methods with an intrinsic beauty. Dutch Design at its best.  

5.4.2 Long-term ambitions (until 2050) 

In 10 years, we will be able to assemble the first proof-of-concept modular tunnel with prefab items that will all 

have been produced off-site. The second proof-of-concept tunnel will be implemented using new technology 

and/or new materials. 

In 20 years, we will be able to assemble several tunnel types modularly using standardised prefab elements, 

whereby the connection between the components would be implemented in accordance with standard details. 

In 30 years, we will be able to construct tunnels with a fully automated production line. Thanks to new technology 

and materials, tunnels will become 10-15% cheaper by 2050. In addition, faster construction reduces the cost of 

traffic measures and economic damage. In relative terms, these costs are significantly higher than the cost of new 

technologies and can become a major factor in renovation projects in particular. Together, new technologies 

minimise or eliminate disturbances during construction or renovation and reduce the project's carbon footprint.  

5.5 Civil task 3: more robust structures  

There is a need for more robust structures with a wider and flexible inner shell that have more space for adaptivity 

and renovation and which are suitable for attaching and developing networks under and above ground.  

 

A more robust structure is one that is stronger than strictly required and bigger than strictly necessary for its 

primary function. As a result, the structure allows for the possibility to be used later in another way and for a 

different support function and for a different (extra) use of the aboveground space. Robust also means that the 

structure can accommodate possible renovations without compromised availability. A more robust exterior 

structure creates more flexibility in the inner shell. This makes it suitable for playing with the indoor areas. 

Consider shifts of centre walls, openings in inner walls or add or remove the intermediate floor. A more robust 
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structure is also more suitable for creating links and developing networks or for serving such functions as water 

storage. 

 

The innovation is not so much in the structure itself (we can already build robust structures), but in the extent that 

this is feasible in an economically viable way. Who is willing to pay for extra robustness and when are the 

additional costs acceptable to either the owner or other stakeholders? In this development line, we want to 

outline what these possible expectations and wishes are (scenario analyses – for example, do we need more or 

less space for installations?), who benefits from robust structures (for example, who has the money left for the 

space on a tunnel roof?). The second cost-benefit analysis is about reducing disturbances and the associated costs. 

How much more expensive is the construction of additional free space compared to the cost of renovation? 

5.5.1 The first steps: 2018-2023 

 

In five years, we will have defined standard dimensions and modules. In addition, in the case of new constructions, 

the following question is always asked: 'Does extra capacity provide more value?' 

Action: Expand current COB project ‘Value of underground construction’ with what-if scenario 

Ex-post research is currently being done on the unknown benefits of completed projects. This includes the 

development of an assessment framework (social cost-benefit analysis – SCBA), research into what-if scenarios and 

arriving at a SCBA+ for new projects. 

Action: Establish a working group on standardisation of the size of the structure gauge of tunnels 

The biggest challenge in this seems to be in finding consensus among various clients about standardisation of the 

desired adaptivity. We can think of the development of several possible standard option packages to choose from. The 

structure gauge can be divided in: 

 

Width: 

• Function of several lanes, emergency lane. This seems quite simple, but the difficulty lies in the visual range 

in bends, for example. This requires specialists in road design. 

• Desired extra width for low-obstruction or obstruction-free renovation. 

• Desired additional width for future adaptivity (for example, width for future additional separation between 

reduced number of lanes for road traffic and a new bicycle highway lane.) 

Height: 

• Structure gauge for traffic is already almost a standard requirement. The challenge here lies in the thickness 

of the road surface construction (including relationship with superelevation) and free height for TTI 

(components and maintenance). This involves road design specialists and TTI/maintenance specialists. 

• Desired additional height for low-obstruction (e. g. no lorries allowed temporarily) or obstruction-free 

renovation. 

• Desired additional height for future adaptivity (e. g. sufficient height to make it suitable in the future as an 

escape route in floods). 

Action: Start cost-benefit analyses with a civil-economic working group 

1. On the one hand, make clear what types of robustness/adaptivity the civil design can offer and the costs 

involved. On the other hand, make clear what planned adaptivity is desirable and what economic 

investment costs are acceptable. 

2. In relation to the Insight into the actual lifespan of installations task, make it clear which regular 

maintenance work is still to be expected by 2050, analyse the robustness needed to perform this without 

disturbances, and make an economic assessment (life cycle analysis) whether investment in the 

construction of a tunnel offsets subsequent savings. 
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5.5.2 Long-term ambitions (until 2050) 

In 10 years, we will be able to start with a standardised section in the development of new tunnels to which a choice 

of standard 'robustness' option packages can be added, based on the desired adaptivity determined by an SCBA. The 

renovation of existing tunnels requires, as a standard, a scenario analysis of the robustness of the structure and the 

possibilities of adaptivity. 

By 2050, all tunnel structures will be suitable for adaptive and multiple use. All renovated tunnels will be suitable for 

adaptive and multiple use as much as possible. The business case can be made for this. 
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Chapter 6 - Development line 3: 
digital tunnel twin 

6.1 Explanation 

The digital tunnel twin is a very effective tool for designing, building, commissioning, managing, renovating and 

adapting the physical tunnel better, faster, with fewer disturbances and more value. Within the framework of the 

programme, the digital tunnel twin includes all developments in the field of virtualisation, operating interface, 

modelling, simulation, gaming and information provision for the tunnel system. Digital tunnelling is used and 

developed in all phases and has its added value in every phase and for each stakeholder.  

6.1.2 Added value 

During the planning and tender phase: 

• The digital tunnel twin helps improve the quality of the communication and interaction with all stakeholders 

in tunnel projects. Because the dialogue is conducted on the basis of real dynamic image experience of the 

project, differences in perspectives become clear and there is more room for interactive planning and 

research.  

• The digital tunnel twin can be used to investigate multifunctional use of space or sustainability optimisations. 

• Candidates can make an offer faster and more effectively, with more emphasis on their own distinctive 

factors. 

 

During the construction and renovation phase 

• We can actually build and renovate integrated tunnels. By adding during the design phase such functionalities 

as modelling and simulation, we create clarity in system, traffic and human behaviour, as well as in such 

aspects as smoke control and camera images. 

• We can test civilian change proposals early on 

• Failure costs are reduced 

• We can open tunnels faster and give a better position to human behaviour. By adding gaming functionality 

we also make it possible to test and tighten scenarios, as well as to educate, train and practice without the 

tunnel being physically available. The gaming functionality also has a positive effect on incident handling, as 

emergency services familiarise themselves with the specific characteristics of the tunnel and can practice 

their responses (in a virtual environment) before the tunnel is build. 

• Thanks to the use of the digital tunnel twin, the (operating) processes and system behaviour can be made 

transparent and suitable for coordination already at the early stages of the project. This allows early 

verification of the control software, even before installation work is carried out at the project location. 

Tunnel managers, road traffic controllers and tunnel operators can be involved early in the process through 

the digital tunnel twin, which makes it possible to include their feedback in the final design phase. Competent 

authorities, safety officers and emergency services are offered insight into (tunnel) processes and can 

respond to and anticipate them. It is also possible to compare the system model with models of other 

projects or with a reference model. This allows the quality and completeness to be tested, which also 

contributes significantly to the acceptance. 

• The use of a digital tunnel reduces testing at the project location. The on-site work has been reduced to 

assembly, commissioning and verification of performance requirements. The validation of processes and 

system behaviour takes place at an earlier stage. The regular alignment with the competent authorities, 

emergency services, tunnel managers and safety officers can take place early on. There is better mutual 

understanding. 



 

Pagina 26 van 46 

 

• Adding sensors to the field components3 allows us to make these components more intelligent and capable 

of reporting malfunctions, so that they can be replaced preventively. This increases the availability of the 

total system. 

 

During the management phase 

• We can respond more effectively to disasters because emergency services have access to the specific 

features of that tunnel and the disaster already en route to the tunnel. 

• We can predict better how assets will behave and which parts they need based on aggregated data from all 

tunnels (national tunnels, non-national tunnels, etc.) through big data and lifespan models. 

• If maintenance and operating instructions and the current status and maintenance data have been included 

in the model, the digital tunnel will also be of great value in the operating phase: 

o New road traffic controllers/tunnel operators can be trained without the physical tunnel. 

o Exercises involving emergency services can be conducted regularly without disturbing the flow of 

traffic. 

o Upgrades, downgrades, cyber security and new developments, insights and requirements can be 

tested in a safe and identical environment before implementation. 

o New procedures, scenarios, etc. can be tested together with the competent authorities, safety 

officers and emergency services without compromising the actual tunnel and its availability and 

safety (safe area to experiment). 

• If deployed widely and based on lifespan models and collected data from all tunnels (national and non-

national tunnels): 

o Better prediction of tunnel area behaviour and optimisation of required maintenance. 

o The asset management budget can be planned better. 

o The scope of projects can be determined and controlled better. 

• We can test upgrades, downgrades, cybersecurity, etc. in a safe, identical environment. 

• We can adapt tunnels to new insights, new requirements, new developments, such as smart mobility, smart 

grids, etc., without compromising the actual tunnel and its availability and safety (safe area to experiment); 

• We can challenge suppliers through the development of plug-in systems, not only in ICT and installations, but 

also in civil engineering adaptations. By standardising the control software, suppliers only need to provide 

plug-ins for project-specific components. 

• Knowledge and experience are shared faster and guaranteed better. 

• Models can be improved through a permanent inflow of data/information so that the predictive value will 

increase continuously. 

• The digital tunnel twin is suitable for use by the automotive industry to prepare tunnels for self-driving cars 

and vice versa. 

6.1.2 What does the digital tunnel twin look like? 

The digital tunnel twin is the sum and consolidation of what is already being used in modelling and simulation 

technologies to achieve tunnel virtualisation. The basic idea is that, in order to achieve the best result at the lowest 

cost, the digital tunnel twin starts immediately at the inception of the connection to be realised, after which the 3D 

BIM model is used along the whole route, adapted and expanded with all the functionalities and aspects of a tunnel. 

This way the model will be expanded further in each subsequent project phase. The digital tunnel twin is thus an 

essential tool for effecting fewer disturbances, more value and adaptivity over the entire life cycle. 

 

Because this proposed integration can already deliver many benefits in the short term, the digital tunnel twin 

development line has already been developed further than other development lines. For the reader who wants all the 

information about this development, we refer to the COB’s website (www.cob.nl/digitaletunneltweeling).  

 

                                                                 
3 Field components are sensors and actors: sensors (of temperature, humidity, pressure, etc.), servomotors and valves 

(air, water, etc.) 



 

Pagina 27 van 46 

 

The starting point of digital tunnel twin is the visualisation in 3D-BIM, which grows to 6D-BIM using logical interfaces 

and modular construction (see picture in Annex 3). In five years, the digital tunnel twin will offer more functionality 

than 6D-BIM, as functional and system models and simulation and gaming functionality will be added. The digital 

tunnel twin is a copy of the true tunnel (visual, operation, system, environment and user behaviour). In the digital 

tunnel twin, everything looks like in the real tunnel and everything also works the same.  

 

After their development, the functionalities will be distributed over the design tunnel system, the education, training 

and practice tunnel system, the operational tunnel system and the test tunnel system, see the schedule below.  

 

 
 

This development line will, of course, not be ready by 2030, but by then the digital tunnel twin can be introduced as a 

concept everywhere and be used for the next 20 years to optimise and simplify the use of technological developments 

that either do not exist yet or are in their infancy (such as artificial intelligence and robotization).  

 

Part of the vision is also the way in which the digital tunnel twin is established in projects. The project-specific part of 

digital tunnel twin is formulated by the market in relation to the request of the client (BPQR4). This ensures that 

market parties can continue to differentiate themselves. In their bids, candidates can offer project-specific added 

value (the 'plus' package). This also creates a framework within which market forces lead to the development and 

improvement of digital tunnel twin. By making the digital tunnel part of the competition based on added value on the 

one hand and costs on the other hand, smart technologies will be applied. This fits in with RWS' IA strategy. 

6.2 The first steps: 2018-2023 

In five years, the digital tunnel twin will function in one model, in which the test environment, visualisations and 

simulation engine will be applied. Testing and validation will take place almost completely in the digital tunnel twin 

and will be accepted by the competent authority and other stakeholders. Emergency services will use the digital twin 

to practice. The digital tunnel twin will be used to optimise the design during both the construction and renovation, 

                                                                 
4 BPQR: Best Price Quality Ratio 
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add value (e. g. sustainability), reducing the construction time or generating support. The digital tunnel twin will be 

easily transferred from execution to management. 

 

The digital tunnel twin fits into the current developments within the COB. Specific research on deploying a digital 

tunnel twin in the test phase of a project is currently being conducted. Tunnels (both in new construction and 

renovation) need to open faster, and the idea is that the biggest time gain can be achieved by having the test phase 

take place in the virtual/digital environment. Tunnels can then be opened earlier by three months and potentially 

even more. This development can give a great impetus to (the support for) the introduction of digital tunnel twin. In 

addition, explorations are currently being carried out for four action plans: 

Action: Arrange for roll-out of the digital tunnel twin in new construction projects 

Establish core group of directors of both clients and contractors of large projects. They will inform, stimulate and help 

each other to develop their own digital tunnel twins together with their building partners and their network. An 

important precondition for this is that the results can be integrated to build a network of tunnel twins. 

Action: Arrange for roll-out of the digital tunnel twin in renovation projects 

Use the approach as applied to the Velsertunnel as a basis for working on a blueprint for (the ambition for) a digital 

tunnel twin of the Heinenoordtunnel, possibly combined with/tested in the Kiltunnel or the Piet Heintunnel. 

Action: Schedule, create enthusiasm, explore the task 

A development in which government, market and science will believe and participate in actively on a national and 

international scale. It is important to show that this is a development that Rijkswaterstaat and other clients want and 

that the other stakeholders are very much needed for this. The market has a great responsibility not only to be willing 

to be vulnerable in the area of sharing knowledge and experience, but also to be critical of the maturity of the various 

components that are currently being applied. ‘What does not yet work and why is that?,’ might be a better question 

than ‘What can it do now?.’ In this process, the COB will have to invite new players and partners (both nationally and 

internationally) to join the network. 

Action: Fill in white spots and introduce cohesion to knowledge questions 

When developing the various tasks, white spots and knowledge and organisation questions will arise automatically. 

Think of the task of managing (the information from) the digital tunnel twins, applications that are needed but not yet 

available, applications that are being applied but which have some issues resulting in things not going so smoothly. 

Action: Provide knowledge for legal, statutory and policy implications 

Many of the digital tunnel goals are already achieved in other market segments such as the process industry, 

aerospace, etc. The difficulty lies not only in developing new systems, but also in the process of changing perceptions 

in safety, reusability and legal liability and translating that perception into legal, statutory and policy frameworks. The 

stakeholders envision a role for the COB network as a mature interlocutor and provider of knowledge, experiences 

and considerations with parties such as the RWS (CIV/GPO/WVL), the Ministry of Infrastructure and the Environment, 

the Mobility Programme, Safety Regions, etc.  

6.3 Long-term ambitions (until 2050) 

The figure below visualises the ambitions for the digital tunnel twin until 2030. For this development line, the vision 

will already be achieved by 2030, given the availability of and experience with the required technology in other 

markets, including aviation, the military and industry.  
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On the vertical axis, two aspects are indicated: 

• Standardisation: a prerequisite for the further development of a simulated environment. 

• Model detailing: the degree of detail of a simulated (sub) system. 

 

The lower horizontal axis shows three instruments: 

• Test environment 

• Visualisation: the behaviour of the digital tunnel twin is displayed visually with integrated and/or 

separate instruments linked to the simulation/game engine. 

• Simulation engine: the heart of the simulation. This system performs the simulations using the 

models and scenarios as input. 

 

The upper horizontal axis indicates maturity: from as-is to the standard model. 

 

The left vertical axis is about the degree of standardisation and detailing of the model, while the lower horizontal axis 

is about the instruments. Within the boundaries of the yellow lines, each aspect ‘experiences’ growth in maturity at 

different speeds (from as-is to the end-goal of a standardised model).  

  



 

Pagina 30 van 46 

 

Chapter 7 - Development line 4: 
the tunnel as a valuable part of 
its environment 

7.1 Explanation 

The realisation of an object never stands on its own but is part of the development of an area. A shift from object 

thinking to environmental and system thinking can be seen on national, regional and urban levels.  

Under the denominator of environmental thinking, active research is needed: can a tunnel project (construction or 

renovation) serve more interests than just mobility? Taking other interests into account may reduce the (experience 

of) disturbances and increase the added value for the city or region. The predictions of urban compaction and the 

enormous growth of mobility (National Market and Capacity Analysis by the Ministry of Infrastructure and the 

Environment, see also Chapter 2) lead to such complex tasks that system-level issues such as safety, availability and 

sustainability must be looked at. Only when all objects (buildings, tunnels, bridges, etc.) and (traffic) networks work 

well together, integrated safety is created, comprehensive assessments are made and there will be fewer 

disturbances and more value.  

 

The choice that the government makes to be able to anticipate better and faster in rapidly changing circumstances 

with the ‘Faster and better’ programme and the new Environmental Planning Act is an important task for tunnels. To 

achieve this, the government is working to increase the flexibility in decision-making and implementation processes. 

This process has been going on for some time and will have more and more impact. For infrastructure projects, the 

Environmental Planning Act, which, from its focus on flexibility and co-creation, imposes a different responsibility on 

the market, will have a major impact.  

 

The mentioned complexity is also visible in the evaluation of interests. Every intervention in a city does not only have 

a major impact on the immediate environment, but also affects the interests of a large number of people and 

agencies. One example is that the acceptance of the development of underground space can be facilitated by realising 

solutions that are not only clean in an ecological sense but also bring intrinsic quality to the design. An iconic design 

will be adopted faster by the environment, and more inconveniences (for example, maintenance) will be accepted 

from a beautiful product than a solution that only has functionality as its starting point.  

 

Value creation is also possible by initiating initiatives bottom-up, by thinking about the local environment and the 

function of a tunnel, where the (wishes of) the environment or social issues and urgencies are the starting point. As a 

consequence, several parties reap the benefits of the tunnel and will also be considered to help finance the product. 

Ultimately, this can result in multi-ownership of the underground space. This is not limited to new tunnels, but also to 

the renovation of existing tunnels. The system-based approach and multiple use of space with multi-ownership 

requires different organisational forms and funding opportunities for the project (from initiative to management) than 

for the object-oriented monofunctional approach.  

7.2 The first steps of 2018 - 2023 

In five years, we will have gained experience of applying the integral view of tunnel projects and we will have a 

process approach that ensures that the opportunities for the environment are used. We will have gained experience 

with several practical cases in urban areas with the jump from object safety to integrated safety. Comprehensive 

assessments are made with regards to aspects such as beauty, sustainability, health and safety being in balance with 

availability and affordability. Developments around resilient cities will be involved in this. 
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Action: Develop toolbox for underground added value 

In the area of adding value to tunnels, the COB wants to develop an ‘Underground added value’ catalogue of 

measures in cooperation with Deltares and others.  

 

The current COB project ‘Value of Underground Construction’ will make an initial analysis of the unknown 

benefits of projects already completed (five or more years ago). This ex-post research will be the basis for 

both the catalogue of measures and a Social Cost-Benefit Assessment or New Business Model. The greatest 

gain (in terms of value added) can be achieved during the planning phase. Examples of elements that can add 

value include (temporary) water storage, heating systems, transport possibilities, underground storage, 

cables and pipelines, etc. The COB compiles an ‘Underground added value’ catalogue of measures, in analogy 

with the catalogue of measures the COB has put together for energy reduction in tunnels, in accordance with 

Ambitieweb GWW and based on the results of the ex-post research being conducted in 2017/2018. The 

catalogue provides suggestions for how to add more value to tunnels in the future. The catalogue of 

measures gives handrails from four angles: 

 

• Process measures (this also includes legislation) 

• Technical measures 

• Contract measures 

• Practical projects 

 

In addition, the catalogue of measures lists examples of projects in which opportunities to add value to 

projects have been created successfully. Examples of missed opportunities are also included and an 

evaluative sentence indicates how to avoid missing opportunities in the future. 

Action: Join SCBA+/New Business Model discussions 

In order to be able to consider social benefits in the decision-making process joining the current instrument, 

the SCBA, is the obvious thing to do. In order to make the SCBA as an instrument suitable for calculating 

underground benefits, an update is required to an SCBA+. Several studies have already been initiated for this 

purpose and this development must be continued. An alternative route is to join the development of New 

Business Models, which take multi-ownership more into account and are already further developed in 

aboveground projects. 

Action: Develop a broadly accepted (economic) model to value all benefits. 

It is important that organisational and financial models are available that fit the tunnel of the future. This 

requires innovation and adaptivity in the funding and financing models. There must, however, be agreement 

on what (potential) benefits there are and how they can be considered in a model.  

In addition, contracting parties can use contracts to drive technical innovations and underground use of 

space. The market can then add value during the procurement procedure by means of EMVI criteria. 

The COB wants to work on this new model in cooperation with universities, economists, the Dutch Ministry of 

Economic Affairs and other knowledge programmes such as Platform 31 and NGInfra.  

Action: Make ‘Duurzaam GWW’ more suitable for underground construction 

The COB wants to carry out an analysis of Ambitieweb and other instruments of the Duurzaam GWW+ 

covenant. The questions that arise are: is the covenant binding enough (not too non-committal) and is it 

applicable to underground infrastructure, or can it be broadened? The COB strives to add the use of the 

underground to Ambitieweb. 

Action: Participate in implementation of Environmental Planning Act  

The COB aims to provide the professional stakeholders and non-professional interested parties with the right 

tools so that they can properly assess the best use of the underground space and discuss topics such as 

system security, sustainability and intrinsic quality and provide them with the right knowledge and 
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inspiration. An inspirational document called ‘Underground Construction and the Environmental Planning 

Act’ will be produced first. 

The COB wants to focus on the ongoing projects of resilient cities (including Amsterdam with Google), The 

Hague and Rotterdam via a European network. The toolbox for underground added value is hereby used as 

an instrument and will expand by giving master classes and showcasing best practices. We thus need to 

create greater urgency in decision-making processes on aspects such as intrinsic and integrated safety, 

intrinsic beauty, system thinking and sustainability.  

7.3 Long-term ambitions (until 2050) 

By 2030, some practical cases will have gained experience with tunnels where the social returns are equal to or higher 

than the costs. The instrument developed to determine the (unknown) values and give due weight to in the SCBA+ or 

New Business Models has been applied, evaluated and tightened in these practical cases for the first time. 

 With some practical cases, experience has been gained with utilising the underground space for more (social and 

spatial) tasks: 3D ambient thinking is a necessity and present everywhere. The energy transition is in full swing. Spatial 

planning initiators have been given instruments to make their spatial interventions sustainable and value-creating. 

These instruments will be evaluated and sharpened. 

By 2050, only tunnels will be built or renovated where the returns exceed the financial costs in value. The tunnel will 

then be seen as part of its environment and the system in which it functions and it becomes an inseparable part of it. 

It is clear that all relevant stakeholders will be involved at an early stage. 

By 2050, all stakeholders will be involved, known and heard at an early stage of a (potential) tunnel project and all 

parties involved in spatial development, both above ground and underground, environmentalists who can utilise the 

underground space the tunnels offer to the maximum. The environment will be central to the assessments made in 

the renovation and construction of tunnels. Other authorities and initiators will, of course, be involved in the planning 

process of tunnels and administrators will cooperate in the planning and decision-making process in such a way that it 

is self-evident that comprehensive assessments will be made.  

It will be mandatory to explore of which systems the tunnel can become a part and what interests can play a role in a 

project. This is probably primarily a traffic system. However, the tunnel can also become a part of other systems, such 

as underground cable and pipeline infrastructure, (temporary) water storage, underground storage, transport 

systems, ecological structures, etc., and contribute to the quality of the aboveground urban structure. In the decision-

making a comprehensive assessment will be made in which optimal solutions will be looked into: sub-goals and 

interests will be subordinated to this. Aspects such as beauty, sustainability, health and safety will be involved in this 

assessment. Legislation and regulations impose this system thinking and ensure facilitation. Tendering forms are 

tuned to the system thinking. 
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Chapter 8 - Governance of the programme 

In this chapter we describe the organisation, financing, management and control of the programme. Of course, this is 

also part of the exploration and is open to suggestions from the core players.  

8.1 Steering group 

A program as outlined in this document can only be performed successfully if there is support and commitment 

among the core players, the interests of these core players are weighed and if those core players know that they can 

influence the content and output of that programme. The core players are: 

 

• The participant groups/financiers within the COB: more than 60 clients, contractors and knowledge institutes. 

• The signatories of the Tunnel Covenant, as signed in 2011 and which laid the foundations for the new 

professional sector, are: UNETO-VNI, Bouwend Nederland, NLingenieurs and Rijkswaterstaat. 

• Ministry of Infrastructure and the Environment 

• Ministry of Economic Affairs 

 

To safeguard the influence of the core players, the COB network proposes to set up a steering group consisting of 

(representatives of) the above core players. This steering group could be formed by the existing programme board of 

the COB or its representatives. 

8.2 Decision-making on funding and content 

The steering group will receive a comprehensive programme for 2018-2022 in early spring 2018, including its 

associated budget, based on the formula outlined below. The steering group will meet annually and decide on the 

course and the budget for the coming years with the help of a progress report and an (adapted) annual plan. Because 

2018 will be the start-up year, it is a consideration to now seek commitment to content for the entire programme 

(until the end of 2023) but only to give commitment to funding for the first year after which, in the summer or at the 

end of that first year, commitment can be given to the other years.  

8.3 Implementation of development lines 

Each development line gets its own coordinator and each task a project manager and various work package leaders. 

These working foremen and forewomen are from the COB network. Each development line will also get its own 

working professor for the link with science and a contact person from the steering group for coaching/sparring. If the 

coordinator is someone from the market, the contact from the steering group will be a client and vice versa. 

 

The professors linked to the development line meet once a year under the leadership of an independent scientist. This 

science council provides the link with other (international) programmes.  

 

The COB office will also be responsible for the organisation, coordination, communication and accountability of the 

programme and ensure overall alignment with the partners.  

8.4 Embedding in COB’s platform structure 

The COB has been working with platforms since its foundation. Platforms are secure meeting places where 

professionals with the same orientation meet to discuss, explore issues, share knowledge and experiences and start 
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up projects. This tunnel program affects various platforms.  The platforms are used to test and supplement the 

content of the programme at appropriate times and to provide it with input from the wider network. 

We also think that the developments we are facing ask for a different set-up of the existing platforms: 

 

Now Then (proposal) 

Tunnel Safety Platform Safety, Management and Authority Platform 

 Construction and Renovation Projects Platform 

Administration and Maintenance Platform Conservation Platform 

Non-National Tunnels Platform NRT Platform 

Added Value Underground Platform Added Value Underground Platform 

 

The redesign of the platforms is a responsibility of the participants themselves, but given the interrelationships 

between their scope and those of this programme, it is important to schedule this reorientation.  

8.5 Internationalisation 

One of the objectives of this programme is to make use of international knowledge. The COB wants international 

cooperation on content and is convinced that this international knowledge will make the objectives of the programme 

achievable faster.  

In addition, international cooperation is a prerequisite for applying for European research money. The COB assumes 

that in the first period we can apply for European research money for at least three development lines. It is not yet 

known which European research programmes the COB programme fits in with, but this will be part of the research in 

the first year (2018). 

The last goal of internationalisation is to improve the export position of Dutch businesses as experts in the mentioned 

development areas. The participation of the Ministry of Economic Affairs and exploring the connection to 

international missions is one of the possibilities. 

8.6 Dependence on others 

With the new tunnel law and the new tunnel standards there is now agreement on the main frameworks. But to make 

technological innovations possible it is important that administrative, legal and policy complexities do not prevent that 

innovation.  

The COB network sees room for optimisation and flexibility now and in the future, and a role for the COB network as a 

mature interlocutor and supplier of knowledge, experiences and considerations. If we think adaptively, we can ensure 

that there is maximum room for responding to new or changing circumstances, insights, expectations, and technical 

and social developments. Think of taking measures to adjust the quality and safety levels, prevent disturbances or 

reduce costs. It is important to realise that social needs and tasks can change over time and other wishes can arise 

regarding the use of the tunnel.  

 

Where exactly the customisation and flexibility of the conditional frameworks are needed, will follow from the nature 

of the innovations. There are essentially two possibilities: planned adaptation and adaptive planning. In both cases, 

the goal is to rise above compliance with today's conventional rules with yesterday's technology. See Annex 2 for a 

detailed explanation. 

8.7 Budget 

The described development lines call for long-term funding because we are talking about long-term goals. It will, of 

course, still take time to arrive at a more detailed elaboration, but we estimate that we are talking about a required 

7.95 million euro budget for the first five years, including an investment for the first year of 2 million euros. The 
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distribution key of the required budget across the various stakeholders will be part of the discussions in the coming 

months. 

 

This investment would significantly increase the opportunity to obtain European and national knowledge and 

innovation budgets, creating a ‘knowledge multiplier’.  

 

The COB acts as a central director and facilitator in this programme with the aim of returning at least 85% of the 

budget received to its national and international participants. 

8.8 Budget of complete programme for 2018-2022 

Aspect 

Estimated budget (€ x 103)  
2018 2019 2020 2021 2022 subtotal  

               
Adaptive installations 350 350 300 150 100 1250  
               
Different civil construction and 

renovation 450 500 450 400 350 2150  
               
Digital tunnel twin 500 350 250 200 200 1500  
               
Tunnel as a valuable part 200 150 100 100 100 650  
               
General activities              
-     Process guidance 200 200 200 200 200 1000  
-     Programmatic conditions 50 50 50 50 50 250  
-     Stimulation of innovation 25 25 25 25 25 125  
-     Internationalisation 25 25 25 25 25 125  
-     Knowledge development 25 25 25 25 25 125  
-     Subtotal of general activities 325 325 325 325 325 1625  
               
Subtotal 1825 1675 1425 1175 1075 7175  
Unforeseen (+/- 10%) 160 170 150 130 120 720  
Total 1985 1845 1575 1305 1195 7895  

8.9 Business case 

An investment of 7.9 million euros in knowledge development can only be justified if the proceeds of that investment 

will at least be the same and when a business case can be made. A number of COB experts has made several 

calculations on the basis of the planning of Rijkswaterstaat and the key figures used in this sector. The construction 

and renovation tasks of non-national tunnels have not yet been taken into account, but in principle the same numbers 

apply.  

 

This programme provides a much higher predictability in both construction and renovation projects and thus lower 

failure costs and delays.  

In summary, this programme will yield € 9.5 million in the first period (2018 to 2022). 

 In the period thereafter, revenue totals € 41 million and over 15 years € 91 million. See Annex 1 for the explanation, 

substantiation and detailed cost savings. 
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This has already taken into account the investments that need to be made per tunnel project as well as the 

establishment of a test centre such as RWS envisages and which does not fall within the scope of this programme.  

 

The investment required for the second, third and subsequent programmes until 2050 has not yet been budgeted. 

This is mainly due to our expectation that during that period, much development and research will be needed in the 

field of different civil construction and renovation through the (still unknown) gaps in our knowledge of the actual 

lifespan, new technology and materials and higher profits. In view of the fact that the revenue in the period from 5 to 

10 and 10 to 15 years is also higher than the cost, it seems appropriate to take into account a growing budget for 

knowledge development. We expect that in the second programme, a lot of additional profits will be generated by the 

participation of another kind of beneficiaries who will be willing to pay for currently unknown benefits.  
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Annex 1 Savings through the programme  

These tables provide an estimate of the cost/benefit of the long-term vision on tunnels (LTV). Various experts from 

the tunnel world have contributed to this estimate. The estimate was made by comparing the current situation with a 

situation where the scenario outlined here has been introduced. This for in 5, 10 and 15 years. Amounts are per 

tunnel, per year. 

 

The number of construction/renovation tunnels in 5, 10 and 15 years is based on the current RWS planning (7 

construction and 24 renovation projects). 

 

Below you can find a summary of the starting points for the future scenario. The key figures per year and per tunnel 

are listed under ‘Substantiation’. The table ‘LTV cost-savings’ contains the costs/benefits over the various periods. 

Starting points for future scenarios. 

1. The LTV is the basis for this document. 

2. These are the costs/benefits for tunnel owners and society.  

Not included are the additional benefits for stakeholders, contractors, etc. 

3. The current contract form with which the current (maintenance) work is carried out is not taken into account. 

4. In the current situation a tunnel is closed once a year for 7 days. 

5. Forty additional people and extra training costs in the field of AM are needed to consolidate the 

improvement. After 5 years, these costs will decrease again. Because AM also leads to a reduction of 

activities (see knowledge of other domains), only training costs are included here. 

6. Realisation of national testing centre. 

Substantiation  

 

Savings per year per road tunnel during the utilisation phase after introduction of the long-term vision on tunnels. 

KPI Explanation of KPI Savings (qualitative) 
Costs/ 

Benefits 
Explanation of calculation 

Availability This concerns the 

unscheduled failure of a 

lane or tunnel as a 

whole.  

No unexpected 

failure of a tunnel 

(tube). No extra 

queues as a result. 

Assumption: 1 time 

a year one tunnel 

fully (unscheduled!) 

unavailable for 1 

week. Costs 

calculated on the 

basis of hours lost 

for motorists 

 € 

1,004,400  

Data current situation per road tunnel 

(RWS figures): 

- 5 days * 4 hour peak hour; 

- 5 days * 20 hours non-peak hour; 

- 2 days * 24 hours non-peak hour; 

- 1 lane closure per hour during peak hour: 

€ 81,000 (see 2010 report); 

- 1 lane closure per hour during non-peak 

hour: € 16,200 (see 2010 report); 

- tunnel has 6 lanes 

Total per tunnel € 4,017,600 

Savings compared to current situation 

25% after introduction of LTV. 
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The number of hours a 

tunnel/network is 

available. Availability is 

reduced by 

scheduled/unscheduled 

maintenance, 

malfunctions and 

incidents 

Higher availability 

through, for 

example, savings 

from digital twin 

simulations.  

 € 105,000  Starting points per tunnel 

- tunnel has six lanes; 

- Hours lost for motorists at night: 7; 

- 1 scheduled lane closure at night: € 500 

Assumption: Reduction of maintenance 

slots at night (5 per tunnel). 

Savings per tunnel after introduction of 

LTV € 105,500 

Maintainability Maintenance Optimisation of 

maintenance by 

introduction of LTV 

 € 55,000  Maintenance costs per tunnel amount to 

approximately € 550,000 per year. 

Savings on maintenance costs after 

introduction of LTV 10% 

test centre Maintenance  € -

20,833.33  

Maintenance and operating costs for test 

centre 

Safety Physical health 

(bruises/broken 

legs/fatalities) 

No improvement, 

but the 

introduction of the 

LTV prevents 

deterioration. 

    

Social safety How safe do I make it? 

From graffiti to access 

to prohibited spaces. 

No improvement, 

but the 

introduction of the 

LTV prevents 

deterioration. 

    

Health Long-term effects on 

health of those 

indirectly involved 

No improvement, 

but the 

introduction of the 

LTV prevents 

deterioration. 

    

Environment Impact on the flora and 

fauna 

Reduction of 

energy use through 

more economical 

installations and 

other applications 

of eg lighting 

values. 

 € 60,000  Per tunnel: 250,000 euros per year.  

Saving of 25%. 

Savings per tunnel after introduction of 

LTV € 60,000 

Savings per year per tunnel during the utilisation phase after 

introduction of the long-term vision on tunnels   

 € 

1,203,566.

67    
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Saving for any construction and renovation project after introduction of long-term vision on tunnels (renovation every 

15 years) 

KPI 
Explanation 

of KPI 
Savings (qualitative) Costs/Benefits Explanation of calculation 

Money Savings in 

construction 

Shorter lead time of 

project: 

- Reduction in staff 

deployment. 

- Reduction of 

construction costs. 

- Reduction of 

financing costs 

 € 3,600,000  Shorter lead time per project 

- Personnel costs: 50 FTE per week at an 

average of € 75 = € 150,000/wk 

- Construction site costs: € 100,000/wk 

- Financing costs € 50x106 at 5% = € 50,000/wk 

Subtotal per project € 300,000/wk 

Starting point 3 months (12 weeks) shorter lead 

time. 

Savings in 

renovation 

projects 

Shorter lead time of 

project: better 

division of renovation 

tasks  

 € 3,000,000  Average cost of renovation (TTI) € 10,000,000 

Savings through introduction of LTV 

(standardised systems and standardised V&V) 

is set at 30%.  

Building of 

test centre 

   € -96,774.19  Investment for building of test centre € 

3,000,000 Divide this over 31 tunnel projects. 

Savings 

 

Total savings 5 years after introduction of long-term vision on tunnels 

KPI Explanation of KPI Savings (qualitative) Costs/Benefits Explanation of calculation 

Money Savings in 

construction and 

renovation after 

introduction of LTV 

Savings in construction 

and renovation projects 

 € 10,200,000  Savings in construction and renovation 

after introduction of LTV per road 

tunnel 

- 2 construction projects 

- 1 renovation project 

Savings in use phase 

of projects by 

introducing LTV 

Savings in construction 

and renovation projects 

 € 3,008,916.67  5-year savings during use phase after 

introduction LTV in 3 road tunnels 

(considering duration of 5 years 50% 

savings entered) 

Building of tunnel 

twin 

   € -3,000,000  € 1,000,000 per tunnel, 3 road tunnels. 

test centre    € -2,790,322.58  Costs of test centre calculated over 3 

tunnels + management 

Direct costs  Deployment of more 

staff and training 

 € -400,000  Training of staff, project organisation, 

tunnel owner, new approach of asset 

management: 40 people at € 10,000  

Politics/re

putation 

Reputation damage 

(local to national) 

Calmer management.  € 2,500,000  Cannot be assessed. Estimation: € 

500k/year; 

Total savings 5 years after introduction of long-term vision 

on tunnels 

 € 9,518,594.09    
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Total savings 10 years after introduction of long-term vision on tunnels 

KPI Explanation of KPI Savings (qualitative) Costs/Benefits Explanation of calculation 

Money Savings in 

construction and 

renovation after 

introduction of LTV 

Savings in 

construction and 

renovation projects 

 € 48,000,000  Savings in construction and renovation 

after introduction of LTV per road tunnel 

- 5 construction projects 

- 10 renovation projects 

Savings in use phase 

of projects by 

introducing LTV 

Savings in 

construction and 

renovation projects 

 € 7,823,183.33  10-year savings during use phase after 

introduction of LTV in 15 road tunnels 

(considering duration of 10 years 65% 

savings entered) 

Building of tunnel 

twin 

   € -12,000,000  15 road tunnel projects. 

- 5 yrs 100% (3 projects, 3 x € 1,000,000) 

- 5-10 years 75% (additional 12 projects x € 

1,000,000 x 0.75) 

Total € 12,000,000 

test centre    € -6,451,612.90  Costs of test centre calculated over 15 

tunnels + management 

Direct costs  Deployment of more 

staff and training 

 € -600,000  Asset management update, assuming that 

AM is more standard after 5 years. 

Politics/re

putation 

Reputation damage 

(local to national) 

Calmer 

management. 

 € 5,000,000  Cannot be assessed. Estimation: € 

500k/year; 

Total savings 10 years after introduction of long-term 

vision on tunnels 

 € 41,771,570.43    

     

Total savings 15 years after introduction of long-term vision on tunnels 

KPI Explanation of KPI Savings (qualitative) Costs/Benefits Explanation of calculation 

Money Savings in 

construction and 

renovation after 

introduction of LTV 

Savings in 

construction and 

renovation projects 

 € 97,200,000  Savings in construction and renovation 

after introduction of LTV per road tunnel 

- 7 construction projects 

- 24 renovation projects 

Savings in use phase 

of projects by 

introducing LTV 

Savings in 

construction and 

renovation projects 

 € 14,442,800  15-year savings during use phase after 

introduction of LTV in 24 road tunnels 

(considering duration of 15 years 80% 

savings entered) 

Building of tunnel 

twin 

   € -20,000,000  31 road tunnel projects. 

- 5 yrs 100% (3 projects, 3 x € 1,000,000) 

- 5-10 years 75% (additional 12 projects x € 

1,000,000 x 0.75) 

- 10-15 years 50% (additional 16 projects x 

€ 1,000,000 x 0.50) 

Total € 20,000,000 

test centre    € -7,500,000  Costs of test centre calculated over 31 

tunnels + management 

Direct costs  Deployment of more 

staff and training 

 € -600,000  Total additional asset management 

training at RWS over 15 years. 

Politics/re

putation 

Reputation damage 

(local to national) 

Calmer 

management. 

 € 7,500,000  Cannot be assessed. Estimation: € 

500k/year; 

Total savings 15 years after introduction of long-term 

vision on tunnels 

 € 91,042,800    
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Annex 2  Planned adaptation and adaptive 
planning 

Planned adaptation (developed by MIT, already applied to, among others, the Delta Programme) assumes an 

uncertain future whereby we agree in advance when policies and legislation and regulations are fixed for a set period 

and the period between them is used to reduce uncertainties and to regulate risks.  

 

Adaptive planning gives tunnel owners and managers the opportunity to adjust the asset management strategy based 

on monitoring if the monitoring results (both within the tunnels and for example the traffic system) ask for it.  

 

This combination of planning systems gives all stakeholders ample space to act adaptively and innovatively and 

provides enough calm in the tunnel world, making the special position of these vital objects less and less special.  

Planned adaptation 

The evaluation of the WARVW scheduled for 2017/2018 (article 6a in the law on tunnels, paragraph 3) is an 

opportunity to establish a process of planned adaptation. The existing stakeholder group could be expanded for this in 

2017/2018 with experts from the COB network. Under the leadership of the Ministry of Infrastructure and the 

Environment, this group evaluates the RARVW and the experiences of the past five years and will result in two 

products: 

1. Identification and description of low-hanging fruit (small errors in earlier versions, minor changes that 

have already been demonstrated to work in ongoing projects, etc.). 

2. Identification of uncertainties/tasks for the next five years and determining related research questions. 

 

By the end of 2018, the RARVW and the law will be ‘frozen’ again for the next five years and the next evaluation will 

be scheduled for 2025. In the second cycle, the evaluation of that part of the Environmental Planning Act (Building 

Decree) that concerns tunnels will be carried out.  
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Adaptive planning 

For the content of adaptive planning, we start from the development of the digital tunnel twin (see Chapter 6), which 

will be the basis and the platform for this. The digital tunnel twin will have to provide what we are going to monitor 

exactly, at what an intervention must be made and how that intervention process will be defined. As the digital tunnel 

twin is a growth model, adaptive planning will also need to become a growth model, with potentially in the first years 

not only information coming from the digital tunnel twin, but, for example, also from traffic control centres and other 

sources. 
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Annex 3  What is 6D BIM? 

 

3D BIM (Building Information Model) is the best-known BIM level. This concerns the three-dimensional 

digital model of the project. 4D-BIM adds planning data, 5D-BIM adds cost information and 6D-BIM 

lifecycle information to support management and maintenance. 

The 6D model is usually handed over when a construction project is completed and is intended to 

support administrators in the operation and maintenance of the project. 

This as-built BIM model is filled with relevant building component data such as product data and details, 

maintenance/manuals, tailored sheet specifications, photos, warranty data and links to online product 

sources, manufacturer information, contacts, etc. 
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Annex 4  People involved 

The work programme is the result of an interactive process. Experts from inside and outside the COB network have 

provided important contributions through conversations, meetings and review rounds.  

 

 

Willem Arnoldussen Rijkswaterstaat GPO 

Fedor Baart Deltares 

Mari Baauw Royal HaskoningDHV 

Alexander Bakker Rijkswaterstaat GPO 

Ron Beem Rijkswaterstaat GPO 

Ron Beij Brandweer Amsterdam-Amstelland 

Beikes Sogeti Nederland B.V. 

Brenda Berkhout Witteveen + Bos 

Lidwien Besselink Triple Bridge B.V. 

Jan Beumer Movares 

Adam Bezuijen Deltares 

Agnieszka Bigaj-van Vliet TNO 

Harry Bijl Harry Bijl Communicatie 

Paul Bleijenberg Dura Vermeer 

Thomas Bles Deltares 

Pieter Blokland Rijkswaterstaat GPO 

van Bodegom-Woudsma Rijkswaterstaat GPO 

Edith Boonsma COB 

Johan Bosch Rijkswaterstaat GPO 

René van den Bosch PROMAT B.V. 

Kees Both PROMAT B.V. 

Fred Bouwmeester Rijkswaterstaat 

Arie Bras Wegschap Tunnel Dordtse Kil 

Helmut Breedeveld Rijkswaterstaat GPO 

Jordy van Breen ProRail 

Klaas van Breugel TU Delft 

Roland Broekhuizen Motion Consult 

Wout Broere TU Delft 

Aad van den Burg Rijkswaterstaat 

Mirjam Cauvern COB/Triple Bridge  

Ferdinand Cornelisssen Altran Netherlands B.V. 

Jan van Dalen DaeD Ingenieurs 

Harry Dekker Rijkswaterstaat GPO 

Ruud Derksen Rijkswaterstaat GPO 

Rients Dijkstra Maxwan architects and urbanists 

René Dorleijn Movares 

Ewald van Dorst Rijkswaterstaat Dienst WNN 

Ellen van Eijk COB 

Reinout van Elst Sogeti Nederland B.V. 
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Harry Engwirda Croonwolter&dros 

Franc Fouchier Soltegro 

Kenneth Gavin TU Delft 

Leen van Gelder COB/Soltegro 

Mark Goudzwaard Rijkswaterstaat 

Ronald Gram COB/Covalent 

Robbert de Groot Mobilis TBI infra 

Harry de Haan Elumint 

Harry Halman Soltegro 

Jaap Heijboer Rijkswaterstaat GPO 

Soer van Herk Rijkswaterstaat West-Nederland Zuid 

Merten Hinsenveld COB 

Remco Hoeboer Mobilis TBI infra 

Eric Hof Antea Group 

Erik Holleboom Strypes Nederland 

Joost Icke Deltares 

Paul Janssen Gemeente Den Haag/Ponton 

Gerard Janssen Sogeti Nederland B.V. 

Joost Joustra Gemeente Den Haag 

Jasper Kimstra Kimpro BV 

Alex Kirstein Aannemingsbedrijf K. Dekker BV 

Dick van Klaveren Rijkswaterstaat GPO 

Richard de Klerk Rijkswaterstaat GPO 

Reiniervan der Klooster  Rijkswaterstaat 

Marie-José Knape Besix Nederland bv 

Frans de Kock Rijkswaterstaat Dienst WNN 

Peter Kole 

Ministry of Infrastructure and the 

Environment 

Alexander van der Kolk Soltegro 

Jeroen Koolen ProRail 

Marc Kooremans Projectorganisatie Zuidasdok 

Mandy Korff Deltares 

Ton de Korte Rijkswaterstaat GPO 

Jacco Kroese Movares 

Rene Krouwel Movares 

Pieter Kuyck Sweco Nederland B.V. 

Harry Lammeretz Rijkswaterstaat GPO 

Paul van Laviere Gemeente Den Haag 

Leo Leeuw Nebest B.V. 

Sandra van der Linden-IJsselstijn Rijkswaterstaat West-Nederland Zuid 

Mello Lindner Sweco Nederland B.V. 

Patrick Maessen Rijkswaterstaat GPO 

Hans Mortier DIMCO bv 

Johan Naber Rijkswaterstaat GPO 

Gerland Nagtegaal Rijkswaterstaat GPO 

Chris Naus Rijkswaterstaat GPO 
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Arjan Neef Covalent 

Diderick Oerlemans Covalent 

André Ploeg Rijkswaterstaat GPO 

Chris Poulissen NP Bridging 

Cormac Reale TU Delft 

Kristina Reinders TU Delft 

Maarten van Riel Movares 

Maarten van Riel COB/Movares 

Caro Rietman COB 

Han Roebers Rijkswaterstaat GPO 

Ron Rosenbrand BetterWords Tekst & Vertaling 

Paul van Rossum Gemeente Amsterdam 

Dik Rouwenhorst Rijkswaterstaat GPO 

Roel Scholten NedMobiel 

Gert-Jan Schotmeijer Deltares 

Gijsbert Schuur COB/Antea Group 

Frank Simmerman Rijkswaterstaat GPO 

Jan Slager Rijkswaterstaat GPO 

Evert Sonke ARCADIS Nederland BV 

Rob Souw Rijkswaterstaat GPO 

Jan van Steirteghem BESIX S.A. 

Bernhard Thieme Rijkswaterstaat 

Peter Tol Rijkswaterstaat West-Nederland Zuid 

Marco Vermeulen Siemens Nederland NV 

Remco Verschoor Rijkswaterstaat 

Arjan Verweij COB/Sweco 

Joris Vijverberg Rijkswaterstaat GPO 

Joost Visschedijk ARCADIS Nederland BV 

Joyce Vreede Rijkswaterstaat 

Frank de Vries Covalent 

Gerard Waayer BAM Infra 

Frank van der Wal PROMAT B.V. 

Arno Weiss Rijkswaterstaat West-Nederland 

Willem van de Wetering Rijkswaterstaat GPO 

Esther Wever TU Delft 

Dave de Wilde Rijkswaterstaat VWM 

Pim Willemsen Altran Netherlands B.V. 

Herman Winkels Rijkswaterstaat GPO 

Jacco van der Worp Van der Worp Infra Consult B.V. 

Sallo van der Woude Van Hattum en Blankevoort 

Kenneth Wyns BESIX S.A. 

  
 

 

 

 


