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Report of the Expert Meeting and Workshop on  
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Introduction 
New energy carriers (also known as NEC) for road transport, such as battery electric cars, and fuel 
cell cars, entail new risks for the safety of tunnels and underground parking lots. In order to get an 
idea of the magnitude of these risks are and how they can be controlled, research is needed, 
preferably in a European context. That is the most important outcome of the two-day 
international Workshop on NEC in Road Tunnels that took place in Utrecht on 20 and 21 and was 
organized by KPT, ITA-COSUF and PIARC. 
 
The first day of the conference consisted of an Expert Meeting on invitation during which the most 
urgent research needs for the near future were discussed. The second day was a public workshop 
with several sessions concerning respectively safe operation of tunnels and other underground 
transport facilities, the perspective of the emergency services, research activities and research, 
available instruments and future needs. The day ended with a panel discussion. 
 
Coherent research agenda 
Kees Both of ETEX/Promat provides the first 
contemplative presentation. He explains how the 
large tunnel fires in the nineties led to a coherent 
European research agenda at the beginning of this 
century, including large scale fire tests to gain 
fundamental insight into the effects and 
consequences of tunnel fires. Ultimately, this research 
led to new European and national regulations and a 
substantial improvement of tunnel safety worldwide. 
 
According to Both, that does not mean that we can sit 
and wait. Tunnel safety requires constant attention, partly because the conditions are constantly 
changing. For instance, the growing numbers of NEC vehicles, or the concept of self-reliance that 
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may come under pressure due to the aging population. He therefore argues for clarifying the 
consequences of doing nothing (how many fatalities in a tunnel fire), setting challenging targets 
(e.g. reopening of a tunnel one day after a strong tunnel fire), working together, the debate on 
tunnel safety within the EU, lobbying at the European Parliament and developing a concept 
research agenda. 
 
Automatic pilot 

Adriaan Heino of Centraal Beheer Achmea Insurance also 
gives a more contemplative lecture. The title of his 
presentation is 'Why smart people do stupid things'. He 
explains this from a traffic safety perspective. At first, he 
sketches the Dutch 'traffic (un)safety iceberg' with more 
than 600 road traffic fatalities, the more than 20,000 
seriously injured and the serious damage of many billions 
of euros. Below the waterline he draws the much larger 
share of minor damages (like a scratch in the paintwork) 
and the enormous amount of near-accidents. According to 
Heino, these different accident categories all have the 
same cause: not being fully concentrated on the driving 
tasks. For example, research has shown that motorists 
drive the 'autopilot' most of the time. That is not bad 
while driving on a familiar route, when it is not too 
crowded and the traffic situation predictable and being 
able to quickly switch to an alert, fully concentrated 
attitude when something changes. If there is distraction or 

fatigue this switch does not work and one of the categories of the traffic (un)safety iceberg arises. 
 
According to Heino, several lessons can be learned from this. The first is that, it concerns tunnels 
or open road, you can not only learn from serious incidents, but also from the many small and 
near-incidents. Another lesson is that with all the risk-reducing measures you want to consider, 
you must recognize that people do a lot on autopilot. This means, for example, that when entering 
a tunnel they do not notice the warning signs, do not notice the emergency doors, and so on. 
People are creatures of habit and do not react conform the expert’s expectations. For example, in 
a tunnel fire people do not always flee, but rather take a picture with their phone. After all, an 
important new habit is sharing special events with your social network. The final lesson is that 
knowledge of behavior is very important if you want to encourage people to a certain type of 
action. 
 
Renovation of Schiphol tunnels 
The next speaker is Kees Uijl, manager of the Kaagbaan and Buitenvelderttunnel at Schiphol. Until 
recently, these tunnels did not contain tunnel safety installations in accordance with the Dutch 
Tunnel Act. In order to ensure both tunnels to be compliant with this Act, they have been 
gradually renovated in recent years, with simultaneous operation during the works. This was 
chosen because of the high availability requirements. The Kaagbaan tunnel is used for freight 
transport, kerosene transport, baggage transport and taxis, while the Buitenveldert tunnel is used 
for public transport, the catering of the aircraft, local traffic, bicycles and mopeds. After the 
renovation, the last tunnel was appointed a category E admission regime, which means that 
vehicles with hazardous substances cannot pass through. 
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During the renovation it was decided to replace the traditional buses with emission-free electric 
buses. Therefore, it had to be examined whether the operation of these buses had consequences 
for tunnel safety. Research done by the Institute for Safety showed that safety cannot be 
guaranteed with buses with a fuel cell and hydrogen tanks and with buses on CNG. The additional 
risks of electric buses with batteries are negligible. The latter have risks comparable with 
conventional diesel buses. However, in the event of fire toxic substances can be released from the 
batteries and the heat development can be bigger. 
 
Extra protection in the vehicles 
The biggest risk is thermal runaway. This failure of the batteries can occur during charging or due 
to mechanical damage to the batteries. Since the charging of the buses does not take place in the 
tunnel, this risk is not relevant for tunnel safety. To prevent the risk of damage, additional 
protection has been provided around the battery packs in the form of an extra box containing oil. 
This oil makes it possible to cool and heat the batteries. In addition, a battery condition monitoring 
system has been installed on the buses. The battery packs are mounted on the roof of the buses 
so that the fire brigade can cool them relatively easily in the event of a fire. Furthermore, all 
drivers of the electric buses receive training on how to react in case of an incident, on the 
technology of the bus and on the situation in the tunnel. Since April 2018 hundred electric buses 
have been operating at Schiphol every day without serious incidents. According to Uijl the proof 
that the risks are limited. 
 
New risks 
Peter Sturm from the Austrian Institut für Verbrennungskraftmaschinen und Thermodynamik (TU 
Graz) is less convinced that the risks are small. He emphasizes that little is known about incidents 
involving NEC vehicles and certainly not about buses and trucks that require heavier battery packs 
or larger gas tanks than passenger cars. NEC lead to new risks for the safety of tunnels and 
emergency services. In Austria, there is a test tunnel available to carry out real tests. 
 
In the case of battery electric vehicles, Sturm confirms that thermal runaway is a clear risk. 
Poisonous gases such as hydrogen fluoride and heavy metals may be released, even before there 
is a fire. A thermal runaway can occur during charging, due to an external factor such as fire in the 
area, or due to mechanical damage. The risk of mechanical damage is considerable according to 
Sturm. For example, crash tests show that batteries are damaged quite quickly. For vehicles with a 
fuel cell, the biggest risk is the hydrogen storage tank, which has a pressure of approximately 700 
bar. If it leaks or if its pressure relief valve opens, a jet flame can arise that is tens of meters long. 
And the chance that escaping hydrogen catches fire is great, because hydrogen can ignite at a 
concentration between 4 and 76%. In vehicles with LPG and CNG, the uncontrolled escape of 
certain gases is the greatest risk, as this can lead to a large explosion. 
 
Consequences for tunnel safety 
These risks have clear consequences for tunnel safety. For example, there are no sensors in 
tunnels to detect the toxic gases release during a thermal runaway. Since these gases are also 
released in a tunnel incident before ignition of the fire, the forced ventilation must be switched on 
immediately when a battery electric vehicle is involved. A problem here is how to recognize a NEC 
vehicle in an incident. For example, in case of a collision of a battery electric car, poisonous gases 
and heavy metals can be released from the battery, and the fire can only occur 10-15 minutes 
afterwards. And for collisions of vehicles with a fuel cell, a jet flame and explosion hazard must be 
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considered. Another point of attention is the fact that battery packs are much more difficult to 
extinguish than burning vehicles on conventional fuels. This may lead to the conclusion that the 
amount of available extinguishing water in tunnels has to be increased. 
 
Method in case of incidents 
Hans Spobeck from the Institute for Safety explains how safety in Dutch tunnels is regulated. He 
also explains how the method for incident management is largely standardized and managed from 
24/7 manned traffic control centers. He observes that the introduction of NEC has not yet been 
considered in the regulations and the working methods. Manuals with intervention instructions 
are already available for LPG vehicles, and are absent but much needed for incidents involving NEC 
vehicles 
 
The possible incident scenarios involving NEC vehicles are known, but the consequences for the 
safety in tunnels are hardly known. For example, how can you control a battery fire in a tunnel, 
which toxic gases are released, in what quantities and at what speed? And what does such a fire 
mean for the safety concept of tunnels, the construction, the self-reliance of people in the tunnel 
and the working methods of the emergency services? According to Spobeck, much research is still 
needed to answer these kinds of questions. He therefore wonders whether safety has been 
adequately considered in the development of the NEC. 
 
Threats 

Haukur Ingason from the Research 
Institutes of Sweden talks about the 
dangers of emergency services in case of 
calamities with NEC vehicles. This includes 
BLEVE with fireballs, gas cloud explosions, 
jet flames, gas tank ruptures with fireballs 
and normal fires with small jet flames. Gas 
cloud explosions are the biggest risk of 
these hazards, but jet flames can also be 
very dangerous in confined spaces. The 

good news, according to Ingason, is that the heat generated by the above-mentioned phenomena 
is not very different from that of traditional transport fuels. In addition, safety measures are 
available, tunnels will not collapse as a result of these phenomena and mitigating measures can 
reduce the effects of the hazards. Governments are also beginning to understand the complexity of 
these phenomena and emergency services are looking for relevant information. 
 
In addition to the good news, there is also bad news. For example, the number of NEC vehicles is 
increasing, and it is extremely difficult to identify these vehicles in the event of an emergency. 
Furthermore, there will be a difficult discussion about the increase in the necessary extinguishing 
water, there are no new strategies for tackling calamities in tunnels and new problems arise after 
tunnel fires, such as pollution with heavy metals after a battery fire. Moreover, there are still many 
uncertainties, the number of misconceptions about disasters with NEC vehicles is increasing. In 
addition, Ingason expects underground parking lots to become a serious problem for a growing 
number of NEC vehicles. 
 
Challenges for emergency services  
The arrival of NEC vehicles creates various challenges for emergency services. For example, they 
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must consider a different timeline compared with conventional fires, which creates uncertainties 
during the emergency relief and / or fire-fighting. Furthermore, the cooling of gas tanks and 
accumulators is associated with uncertainties and the risk of re-combustion is present in battery 
fires. Harmful hydrogen fluorides can also be released at battery edges. And since the necessary 
oxygen for the fire comes from the battery itself, the batteries do not have to be extinguished. 
 
According to Ingason, the general knowledge about risks in emergency services is often limited and 
it is a difficult decision for them not to enter a tunnel unaware of possible released gases. That is 
why he argues for more cooperation and communication between researchers on the one hand 
and governments and emergency services on the other and for better education. In addition, 
standard fires must be redefined, because in the near future there will be a mix of traditional and 
NEC vehicles. Ingason is convinced that we will ultimately solve most problems, but that this will 
take some time. 
 
Structured research 
Frank Leismann of STUVA discusses the SUVEREN project on the use of NEC. Trigger for this 
research project was that more and more NEC vehicles are coming, while little is known about the 
risks and consequences of NEC and the current regulations are still based entirely on conventional 
energy carriers. 
 
The research is based on a structured approach. It identifies the risks of NEC, such as a thermal 
runaway of an electric car battery, elaborates different scenarios - for example, when charging an 
electric car, thermal runaway is created in which the battery catches fire - it then examines a 
number of case studies, think of six cars in an underground car park, including two electric ones, in 
which an electric car is caught in fire by thermal runaway. 
 
Practice tests 
For these case studies, the researchers model the parking lot, the battery fire including the 
distribution of heat, smoke and toxic gases, and the evacuation of the garage. Based on the results 
of these model calculations, they examine which measures are possible to limit the consequences 
of the calamity under study and to what extent these contribute to more safety. In order to 
validate the models, the researchers carried out full-scale practical tests in the spring of 2019, 
including lithium-ion batteries of 30 and 40 kWh. Various mitigating measures such as a water mist 
system were also tested. 
 
The ultimate goal is to develop methods to determine the risks and consequences of NEC in 
underground spaces, to develop recommendations for the design and equipment of these spaces, 
based on the risks of NEC vehicles and to make an overview of mitigating measures, such as 
automatic extinguishing systems and gas sensors. Furthermore, training programs for designers 
and operators of underground space will be made and the research results will be used for new 
regulations and standards 
 
Risks of battery fires 
The presentation by Urs Welte of the Swiss engineering firm Amstein-Walthert also concerns the 
risks of battery fires in underground infrastructure. Together with other parties, the engineering 
firm has investigated the hypothesis that electric vehicles pose a greater risk to tunnels and other 
underground infrastructure than conventional energy carriers. To this end, tests were carried out in 
a test tunnel with battery fires, both caused by mechanical damage and external heating. A striking 
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result of these tests is the high concentration of heavy metals (cobalt, lithium and manganese) that 
is released in addition to the toxic hydrogen fluoride. These substances cause serious 
contamination after a battery fire, which will be a problem especially in underground parking lots. 
A charging location in a parking lot - where the smoke can spread throughout the lot - is therefore 
not desirable. 
 
The tests show that the temperature at a battery pack is so high that the vehicle itself will also 
catch fire. At the same time it is clear that the current design requirements for tunnels are 
satisfactory and do not need to be adapted. Perhaps that should happen with other underground 
infrastructure such as parking lots. Furthermore, it must be considered that battery packs cannot 
be extinguished. This means that a lot of water must be available for cooling the fire and the 
environment. 
 
Dangers of fire and explosions 
Ying Zhen Li from the Swedish RISE has also researched the dangers of fire and explosions in NEC 
vehicles in tunnels and did some practical tests. He looked at pool fires, jet fires, fireballs and 
flashing flames, gas tank rupture, BLEVE, and gas cloud explosions. In conventional vehicles, pool 
fires are the most severe fire scenario. In LPG vehicles jet fires in combination with BLEVE with 
fireballs and gas cloud explosions, in CNG vehicles jet fires, tank ruptures with fireballs and gas 
cloud explosions, and in battery electric vehicles normal fires with small jet flames and gas cloud 
explosions. 
Li has examined the consequences of all these different types of fires and explosions. An important 
conclusion is that the energy released by gas cloud explosions for all fuels is about the same, but 
the different fuels have different fire hazards. Another conclusion is that the consequences of a 
tank rupture with a BLEVE are relatively limited to 50 meters from the source. The consequences 
of a gas cloud explosion in a tunnel are very serious and unacceptable for tunnel users. 
 
Additional risks NEC vehicles 
Benjamin Truchot of INERIS and Christoph Wilmann of CETU have also investigated the extra risk 
for tunnel users of NEC vehicles in tunnels. In doing so, they looked at calamities in which a NEC 
vehicle is the source and calamities in which a NEC vehicle, for example, is caught in fire by another 
incident. They have looked at, among other things, NEC vehicles with a gas tank with LPG, CNG or 
hydrogen. These vehicles can cause three new phenomena, jet flames, a gas cloud explosion and a 
tearing tank followed by an explosion with pressure waves. 
 
Their research shows that the consequences of this vary considerably. For example, jet flames 
hardly create a larger area of influence than conventional fires. Gas cloud explosions of CNG 
vehicles have a lot of consequences, with fatalities 25 meters ahead and behind the vehicle and 
with hydrogen up to fifty meters on both sides of the vehicle, which in practice amounts to 15 to 
30 victims. The rupture of a CNG or hydrogen tank also has major consequences, including the 
subsequent gas cloud explosion. With an LPG vehcile, the consequences are enormous due to the 
occurrence of a BLEVE. 
 
If a NEC vehicle catches fire due to a fire spread in a tunnel, the number of additional victims in a 
100 MW fire increases by at least 50 people. At 200 MW there are no extra victims in this case, 
because people have already died by the primary fire. Truchot and Wilmann share these results 
with car producers and other stakeholders so that they can take these risks into account when 
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making their choices. Furthermore, they consider it useful to enter the discussion about 
acceptable risks. 
 
Retrieve funds 
The meeting was concluded with a panel discussion led by Götz Vollmann from the Ruhr-
Universität Bochum and (ITA COSUF). Kees Both, Peter Sturm, Benjamin Truchot and Urs Welte 
participate in this discussion. Vollmann states that one of the goals of the meeting is to raise 
(European) funds for a broad research program on NEC vehicles and tunnel safety. By starting up 
such a program quickly, the new risks can be anticipated as quickly as possible, and hopefully 
victims and high social costs can be prevented by failure of essential infrastructure. 
 

 
Vollmann asked Sturms whether forced ventilation is enough to prevent gas explosions with 
hydrogen, for example. According to Sturms, this is not the case, in order to keep the 
concentration of hydrogen low in leaks, a very high ventilation rate is required, which is extremely 
detrimental to escape possibilities. He does, however, think that other ventilation strategies are 
preferable, such as switching on the ventilation in the event of an accident, even if there is no fire, 
as toxic gases may be released from batteries of electric vehicles. 
 
Heterogeneous traffic composition 
The general conclusion is that in the coming decades a heterogeneous composition of traffic with 
both conventional vehicles and NEC vehicles must be assumed. Welte indicates that he has serious 
reservations about electric vehicles on batteries, for example because of the harmful substances 
that are released in the event of a fire and the origin of the raw materials such as Cobalt from 
Congo. He thinks that these vehicles are needed for the time being until real sustainable options 
are available and is concerned that the arrival of electric cars on batteries seriously impedes the 
further development of combustion engines, while combustion engines that require 1 liter of fuel 
consumption per 100 kilometers must be possible. 
 
The participants conclude that the lack of data on the probability of occurrence of the various 
calamities of NEC vehicles is a major problem. Both suggests looking for smart ways to collect this 
data. In addition, consultation with producers seems to be useful, for example with producers of 
gas tanks to discuss the location of the pressure relief valve. In addition, they all state that a great 
deal of attention must be paid to the awareness that NEC entail new risks and are not necessarily 
safe. 
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When asked what the most important research subject is, Welte responds to the pollution of 
parking lots after a battery fire, Sturm mentions the identification of vehicle type case of incidents, 
Both mentions the thermal load of fires with NEC vehicles on the tunnel construction and Truchot 
the chance of occurrence of incidents with different NEC vehicles. 
 
KPT 
The Knowledge Platform for Tunnel Safety (KPT) is the one-stop shop for questions about tunnel 
safety in the Netherlands. The platform shares existing Dutch and foreign knowledge of tunnel 
safety in a low-threshold and proactive way with all persons and organizations professionally 
involved with tunnels and tunnel safety. The KPT is independent, works in a transparent manner 
and is interconnected between knowledge institutions, users and sources of knowledge. 
 
ITA-COSUF  
ITA COSUF is the Centre of Excellence for world-wide exchange of information and know-how 
regarding operational safety and security of underground facilities. 
 
PIARC  
The World Road Association-PIARC was established in 1909. It brings together the road 
administrations of 122 governments and has members -individuals, companies, authorities and 
organizations- in over 140 countries. Within PIARC the Road Tunnel Operations Committee is 
focused on tunnel safety. 


