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ABSTRACT

Key words: electric vehicle, lithium-ion battery, ventilation, indoor

parking space
1. Origin of research :

As the market share of electric vehicles (EVs) gradually increases and
indoor parking spaces become available for installing EV charging
facilities, there is a growing need to improve the comfort and convenience
of the driving environment for the people in the country. Consequently, it
1s imperative to widely deploy charging stations for electric vehicles at
their parking locations. However, underground parking spaces have unique
characteristics, as they are relatively enclosed and have complex pathways.
In the unfortunate event of a battery-related fire, the dense smoke can
disorient individuals, leading to poor visibility, communication difficulties,
and challenges in providing oxygen supply. This adds to the complexity
and danger of rescue operations [4]. Given the difficulty in extinguishing
EV fires, it is necessary to adjust or enhance the existing passive and active
fire safety measures and equipment in indoor parking spaces, providing the

necessary environmental safety conditions for rescue operations.

In 2017, the Executive Yuan announced a three-stage development
goal for electric vehicles (EVs) by 2030, aiming for comprehensive use of
electric buses and government vehicles, a ban on gasoline motorcycles by
2035, and a ban on gasoline cars by 2040. While promoting the
electrification of transportation can help mitigate the severe issues of
global warming and air pollution associated with traditional vehicles, the
source of power for electric vehicles, lithium-ion batteries, presents
significant safety concerns. Lithium-ion battery fires exhibit distinct

combustion characteristics and firefighting properties from regular fires.
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Using conventional firefighting methods for lithium-ion battery fires can
put rescue personnel at risk. Therefore, addressing and resolving the safety
concerns related to battery fires is an urgent and critical issue. This research
team focuses on studying fire safety strategies for indoor parking spaces

for electric transport vehicles and charging station facilities.

2. Research Methods and Process

In 2022, a fire incident involving an electric vehicle occurred in an
underground parking garage in Netherlands. It was observed that even a
electric vehicle caught fire and burned uncontrollably. This highlights the
potential for significant hazards when multiple electric vehicles catch fire
and burn for an extended period in indoor parking spaces. These incidents
expose safety concerns associated with parking electric vehicles indoors.
Given the architectural characteristics of our country, where parking spaces
are often located on underground levels, disaster preparedness and rescue
strategies for electric vehicles and charging stations in underground
parking areas require careful evaluation and are more complex compared

to outdoor or ground-level scenarios.

Underground parking spaces typically have limited external openings,
making them relatively enclosed environments. Fires in electric vehicles
can reach temperatures of up to 800-1000°C. Therefore, in the event of an
electric vehicle fire, the release of high-temperature flames and a large
volume of high-temperature smoke (containing toxic and flammable gases)
not only endangers the structural integrity of the building but also poses
difficulties and dangers for evacuating occupants and firefighting

personnel if the building layout is complex.

As we move towards achieving the goal of carbon neutrality in the

future by promoting the electrification of transportation, the quantity and
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distribution of electric vehicles and charging stations will increase
significantly. It is essential to conduct a comprehensive investigation and
statistical analysis of the types of electric vehicles and charging stations
currently in use, their installation spaces, mounting methods, usage, and

management practices in our country.

Furthermore, given the challenging nature of extinguishing electric
vehicle fires, it is essential to assess whether the existing foam and other
water-spraying fire suppression systems, as required by law for indoor
parking spaces, can effectively cool down battery modules. Additionally, it
1s important to consider whether indoor ventilation systems can help
remove high-temperature toxic smoke produced by battery fires. Systems
for smoke control in the parking areas for electric vehicles should also be
considered. The comprehensive integration of active and passive fire safety
measures in indoor parking spaces is necessary to strengthen initial
emergency response and ensure the safety of firefighting personnel during
disasters. The outcomes of this research can serve as a reference for
relevant authorities in managing fire safety for electric vehicles and

charging station systems.

3. Important Founds :

(1) Recommendations for the Location and Planning of Electric Vehicle
Spaces and Charging Stations in Indoor Parking Spaces of Buildings

are as follows:
A. Location of Electric Vehicle Spaces and Charging Stations:

Partial causes of electric vehicle fires are related to charging
incidents or accidents that lead to thermal runaway of lithium-ion
batteries within the vehicle. Since rescuing lithium-ion battery

fires in underground parking spaces is challenging, it is advisable
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to position electric vehicle charging stations primarily on the
ground level or in underground levels near the vehicle entrances
and exits, within the range of indoor and outdoor fire hydrants.
This ensures easy access to a large quantity of water for

firefighting operations.
B. Fire Compartmentation:

If a building combines parking areas with other uses, it is
necessary to create fire compartmentation with at least a one-hour
fire resistance rating between parking spaces and other usage
areas. This minimizes the potential damage that other usage areas
may incur from fires and dense smoke. For fire compartmentation
structures in underground spaces, the fire resistance performance

should be at least two hours.

(2) Recommendations for the Installation of Active and Passive Fire
Safety Measures for Indoor Electric Vehicle Parking Spaces and

Charging Stations are as follows:

A. Recommend installing thermal imaging temperature alert

devices:

Equip thermal imaging temperature alert devices in the electric
vehicle charging and parking area to monitor charging stations
and electric vehicles, facilitating the early detection of thermal

runaway in lithium-ion batteries.

B. In the early stages of a fire, the operation of air conditioning and
ventilation equipment in underground parking spaces should be
coordinated with firefighting and rescue personnel, following

their instructions based on the actual situation, to control the
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operation of equipment switches at different stages:

The air conditioning and ventilation equipment installed in
underground parking spaces is intended for general ventilation
and air exchange, rather than being specialized smoke exhaust
devices for use during fires. Based on the site conditions
established in this study, actual smoke flow experiments and
computer simulations indicate that the activation of air
conditioning and ventilation equipment in the early stages of a
fire may lead to the rapid spread of thick smoke, hindering
visibility and causing difficulties in evacuation for personnel. In
the later stages of the fire (or after all personnel have evacuated
from the underground levels), the relatively enclosed layout of the
underground parking space may result in a gradual increase in
temperature as the fire progresses. To prevent high temperatures
from causing damage to rescue personnel and building structures,
it may be necessary to activate air conditioning and ventilation
equipment at this point to reduce temperature (a primary factor)
and eliminate smoke. Therefore, it is recommended to coordinate
with firefighting and rescue personnel, following their
instructions based on the actual situation, to control the operation
of air conditioning and ventilation equipment switches at

different stages.

Recommended to install dedicated exhaust ventilation equipment

for charging station areas:

Lithium-ion battery fires can burn for an extended period (several
hours) and release toxic gases. Battery malfunctions and fire
incidents can also lead to the release of flammable gases. If such

incidents occur in enclosed areas, such as buildings, flammable
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gases may accumulate and pose an explosion risk. Installing
smoke exhaust systems effectively eliminates toxic gases and
helps reduce the concentration of flammable gases below their

combustion limits.
Install automatic fire suppression systems:

Closed parking spaces should be equipped with automatic fire
suppression systems. These systems can effectively control the
spread of the fire, but it's important to note that burning electric
vehicle batteries, protected by the vehicle's structure, may not be
completely extinguished and may still require firefighting

personnel to handle the situation.

E. Enhance Shelter and Evacuation Facilities:

® Strengthen guidance in underground parking spaces for
evacuation routes (e.g., adding evacuation direction indicator
lights, audio-visual exit signs, and additional shelter floor
plans in parking areas), ensuring that safety stairs' fire doors

remain closed and maintain smoke shielding capabilities.

® For buildings with underground parking spaces for electric
vehicles and charging stations, it is recommended to install

emergency elevators and specially designed safety stairs.

4. main recommendations -

Suggest 1

Immediately feasible suggestions: Feasibility Study on the Application of

Technologies for Electric Vehicle Fire Control in Underground Parking

Organizers: Institute of Architecture, Ministry of the Interior
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Co-organizer: Fire Department of the Ministry of the Interior

In response to the promotion of net-zero carbon emission policies, the
development of the electric vehicle industry is a crucial administrative goal
for the future. Given Taiwan's limited space and dense population, a
significant number of electric vehicles are expected to be parked in
underground parking spaces in the future. The effectiveness of the current
automatic water sprinkler systems in providing adequate protection
becomes a critical factor in determining the safety of these underground
parking spaces. Additionally, the impact of regional smoke extraction on
smoke flow during a fire will affect personnel evacuation. Therefore, there
i1s a need to conduct research on relevant application technologies for
controlling electric vehicle fires in underground parking lots to enhance

fire safety.
Suggest 2

Mid-to-long-term suggestion : planning a dedicated area for electric

vehicle charging and setting up special smoke exhaust equipment. °

Organizers: National Land Management Agency, Ministry of the Interior

Co-organizer: Institute of Architecture, Ministry of the Interior

Considering the potential for large numbers of electric vehicles and
charging stations to be parked in underground parking spaces of future
buildings, the current Building Technical Regulations under Article 96,
Section 1, Subsection 2 state: "2. For buildings accessing levels from the
6th to the 14th floor or levels from the 2nd underground floor, safety stairs
shall be provided; for buildings accessing levels from the 15th floor or the
3rd underground floor, outdoor safety stairs or special safety stairs shall be
provided. However, for each floor of buildings with levels from the 15th

floor or the 3rd underground floor and a floor area not exceeding 100
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square meters, outdoor safety stairs or special safety stairs may be replaced
with regular safety stairs." It is recommended to adjust this regulation to
read: "2. For buildings accessing levels from the 6th to the 14th floor or
levels from the 2nd underground floor, safety stairs shall be provided; for
buildings accessing levels from the 15th floor or the 3rd underground floor,
outdoor safety stairs or special safety stairs shall be provided. However, for
each floor of buildings with levels from the 15th floor or the 3rd
underground floor and without electric vehicle parking and charging
stations and with a floor area not exceeding 100 square meters, outdoor
safety stairs or special safety stairs may be replaced with regular safety

stairs."
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