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Executive Summary 
This report provides a comprehensive review of the current status of fire safety codes and standards applicable 

to Battery Electric Bus (BEB) facilities, specifically focusing on storage and repair garages. As Canada transitions 

toward net-zero emissions, BEBs have become a critical component of transit infrastructure, yet they introduce 

unique fire safety challenges that are not fully addressed by existing prescriptive codes.  

Currently, no single code or standard entirely defines fire safety requirements for BEB facilities. The National 

Building Code of Canada (NBCC) and The National Fire Protection Association (NFPA) standards do not 

specifically address the risks associated with charging and storing high-capacity (400–1000 kWh) electric bus 

batteries 

This report discusses fire safety codes and standards relevant to the following: 

- Design Methods and Process 

- Fire Safety Design Objectives of BEB Facilities  

- BEB facility Hazard Identification 

- Fire Scenario Characterization for BEB Facility Design 

- Fire safety engineering analysis to develop mitigation measures 

o Detection 

o Suppression  

o Fire Separation and Resistance  

o Smoke control  

o Firefighting 

- OPERATION/Fire Safety plan  
The report also briefly discusses the standards governing BEB design and operation. Finally, gaps in vehicle and 

facility requirements standards (such as detection, suppression, and fire resistance) are highlighted. 
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1 Introduction 
 

Over the last decade, the number of electric vehicles (EV) has significantly increased, where EVs are becoming 

more common, especially in Europe and China [1]. Passenger EVs and battery-electric buses (BEBs) are key 

components in Canada’s net-zero emissions plan [2]. However, recent incidents and research have shown that 

EVs, and by extension BEBs, pose a different set of fire safety problems that may be inadequately addressed in 

current codes and standards [3–6]. One of the unique risks of EVs compared to internal combustion engine 

vehicles (ICEVs) is the additional risk from the lithium-ion battery (LIB). LIBs can undergo a process whereby the 

battery can overheat, leading to a significant increase of the battery temperature if this heat can not be dissipated, 

in a process, called thermal runaway. When thermal runaway is not controlled, the battery can emit smoke, 

sparks and ignites in the right condition [5], which could pose high risks to garage facilities housing BEBs. Thus, 

exploration of current codes and standards with regards to BEB parking facilities is critical for the protection of 

life and property.  

1.1 Objectives and Scope 
This review is to understand and document the status of applicable codes and standards pertaining to the fire 

safety design of storage facilities for battery-electric buses (BEBs). Ultimately, this review is to collect information 

to be used in the development of fire safety design guidelines for BEB facilities, which is planned as the next 

step. In this regard, the authors provide not only the collected information from codes and standards, but also 

relevant notes in various places in the report. 

This report examines the National Building Code of Canada (NBCC), National Fire Protection Association (NFPA) 

standards, and relevant guidelines highlighting key fire safety design requirements related to BEB open and 

enclosed parking structures, and by extension, repair garage. The focus of this review is the fire safety design of 

BEB facilities, rather than BEB operation or road safety. Also, electrical safety requirements applicable to the 

individual elements of the BEB battery, and the charging facilities are not within the scope of this review.  

This report discusses fire safety codes and standards relevant to the following: 

- Design Methods and Process 

- Fire Safety Design Objectives of BEB Facilities  

- BEB facility Hazard Identification 

- Fire Scenario Characterization for BEB Facility Design 

- Fire safety engineering analysis to develop mitigation measures 

o Detection 

o Suppression  

o Fire Separation and Resistance  

o Smoke control  

o Firefighting 

- OPERATION/Fire Safety plan  

 
Appendix A-1 provides a summary of key NFPA standards, and Appendix A-2 provides an inventory of vehicle 

related codes and standards. 

1.2 Codes and standards landscape 
The codes and standards BEBs in Canada form a complex and evolving regulatory landscape. Codes are 

intended to be legal requirements, typically have a well-defined scope of application and are administered and 

enforced by legal jurisdictions or regulatory authorities. Examples include the building code or the fire code. They 
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are intended to be exclusive within their scope of authority; while there may be variants of codes for different 

jurisdictions, only one would apply to a given project.  

Standards, on the other hand, represent attempts to harmonize best practice between projects. They are typically 

developed on a voluntary basis, often through organizations specializing in standards development. These 

organizations will usually ensure that their developed standards do not conflict with each other, however, 

standards may compliment or compete with those put out by other organizations. Occasionally, standards may 

be incorporated by reference into legislation, at that point adherence becomes a legal requirement, however they 

can still be used on a voluntary basis in other jurisdictions.  

Terminology can vary – for example, the Canadian Motor Vehicle Safety Standards (CMVSS) are regulatory 

requirements set out in Canada’s Motor Vehicle Safety Act, and therefore would be considered codes within the 

discussion above. 

1.3 Summary of key organizations 
The codes and standards discussed in this report are developed by a wide variety of organizations, with some of 

the key ones summarized below. 

The National Building Code of Canada and the National Fire Code of Canada are two significant model codes 

governing building design and fire safety in Canada. They are both developed by the Canadian Commission on 

Building and Fire Codes, and published by the National Research Council of Canada. Variants of both codes 

have been widely adopted across Canada in numerous jurisdictions. The other major codes of national 

application are the Canadian Motor Vehicle Safety Standards (CMVSS). These are developed by Transport 

Canada, enacted under the Motor Vehicle Safety Act, and are closely related to the US Federal Motor Vehicle 

Safety Standards (FMVSS). 

Within Canada, the Standards Council of Canada (SCC) plays a coordinating role, accrediting standards 

development organizations, such as CSA Group and ULC, to ensure that the developed standards meet the 

highest standards of transparency and consensus. They also represent Canada at the International Organization 

for Standardization (ISO) and the International Electrotechnical Commission (IEC), coordinating Canadian 

participation in developing international standards.  

In the United States, the National Fire Protection Association (NFPA) produces standards related to fire safety 

in buildings, transportation, and industrial environments. Their standards are frequently used in Canada and 

referenced in legislation, including reference in the national codes cited above. The Society of Automotive 

Engineers (SAE) International focuses on ground vehicle and aerospace standards and are widely cited in motor 

vehicle legislation in Canada, including the CMVSS. 

 

2 Fire Safety Codes and Standards Pertaining to BEB 
Garage Facility Design 

2.1 Design Methods and Process 
Currently, there is no code or standard clearly and entirely laying out fire safety design requirements particularly 

for BEB facilities. The current National Building Code Canada (NBCC) does not specifically address bus facilities 

nor EV parking/charging facilities. Furthermore, Similarly, there is no standard specifically addressing BEB and 

BEB facilities in the National Fire Protection Association (NFPA). To address this, the NFPA has an on-going 

research project ‘Lithium-ion Battery Transit Bus Fire Prevention and Risk Management’ [7] with funding from 
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the National Academy of Sciences (NAS), Transportation Research Board (TRB), Transit Cooperative Research 

Program (TCRP), which is expected to foster development of a new guide for fire prevention and risk 

management of BEBs, including recommended practices for original equipment manufacturers, battery 

companies, transit agency facilities, and vehicle maintenance. While its scope does not specifically address BEB 

facilities, the Canadian Standards Association (CSA) Group recently developed a standard for EV maintenance 

and storage facilities. 

In the absence of clear fire safety codes/standards, BEB facilities can be designed, in a performance-based 

approach1 or in combination of performance-based and prescriptive approach2. It is important to note that the 

emerging fire risks from new materials and technologies, particularly LIBs and BEB, were not considered in the 

development of the existing prescriptive codes, so, adherence to the prescriptive codes does not ensure meeting 

the lowest acceptable risk. Industry best practices could be referenced but they do not provide code-compliant 

results [8]. In this regard, the performance-based approach is suggested by the US Federal Transit Administration 

Guidebook for Deploying Battery Electric Buses [9] and Safety and Security Certification of Electric Bus Fleets – 

Industry Best Practices [8].  

The performance-based approach described in the Society of Fire Protection Engineers (SFPE) Engineering 

Guide to Performance-Based Fire Protection [10] and NFPA 551 [11] follows the following general steps: 

1. Define design objectives 

2. Identify hazards  

3. Characterize design fire scenarios  

4. Fire safety engineering analysis to develop mitigation measures and performance criteria of fire 

protection systems, including the below: 

• Detection 

• Suppression 

• Fire resistance 

• Smoke control 

• Firefighting 

5. Evaluation and selection of mitigation design options 

 
As shown in the performance-based design process above, fire safety engineering analysis is a key step to find 

an optimum mitigation solution by comparing various performance results that are estimated from mitigation 

design options, considering various design parameters. As such, defining performance goals and performance 

criteria is also critical in the performance-based design. Fire safety engineering analysis methods often used are 

computational fire modelling, analytical analysis, and fire testing. A selection of the methods should be included 

in the project plan. It should be noted that some fire protection systems require performance-based design 

validated through full-scale testing. 

 

 

1 When innovative materials and technologies are involved, which are not addressed in the codes or standards, 

the building is designed to achieve acceptable performances through fire safety engineering (FSE) analysis, 

which is to identify design solutions to mitigate the new risks introduced. 

2 A prescriptive fire protection design method adopts the established design criteria and accepted solutions 

outlined in building codes, for example, minimum fire resistance ratings of structural assemblies, and prescribed 

sprinkler water spray density for the corresponding occupancy. Being compliant with these relevant prescribed 

measures in the codes and standards, the building is deemed safe, meeting their objectives accordingly; thus, 

generally no fire risk assessment is carried out.     
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In project planning, involving the Authority Having Jurisdiction (AHJ) would ensure the acceptance of the 

performance-design approach, the design objectives and performance criteria, and fire safety engineering 

analysis methods. General guidance to the performance-based approach are provided in the SFPE Engineering 

Guide to Performance-Based Fire Protection [10] and NFPA 551 [11]. The Handbook for Transit Safety and 

Security Certification [12] also provides resources and processes for safety and security performance in the 

design and construction of transit projects. 

Following the steps above, the present report provides applicable information discussed in relevant NBCC codes, 

NFPA standards and guidelines. Thus, it should be noted that this report only collects/documents relevant 

provisional information but does not provide any guidance for BEB facilities.  

Electrical safety requirements that apply to the individual elements of the BEB battery and the charging facilities 

are not within the scope of this review. More information on electrical safety requirements concerning vehicles 

and charging infrastructure can be found in the series of the Canadian Electrical Codes [13],  International 

guidelines of the International Electrotechnical Commission (IEC), the International Organization for 

Standardization (e.g., ISO 15118) as well as reports from the International Energy Agency (IEA)[14]. 

2.2 Fire Safety Design Objectives of BEB Facilities 
First and foremost, the design goals and performance objectives should be developed based on good 

understanding of the life safety and property protection objectives set by the local building code. In Canada, the 

compliance with the fire protection requirements of the National Fire Code of Canada (NFCC), NBCC and other 

applicable local codes (e.g., environmental laws, occupational health and safety codes) is required for new 

construction and renovation projects. NFCC and NBCC codes also apply to the design and construction of new 

buildings and retrofits, change of use and demolition of existing buildings. In particular, fire protection is a 

continuous risk management process for a building to identify and minimize fire risks and reduce the costs and 

consequences of harmful or damaging incidents arising from fires. For industrial storage buildings including 

vehicle parking and repair garages, NBCC and NFCC provide the objectives and functional statements of its fire 

safety provisions, as follows: 

• Fire safety of a person in or adjacent to the building or facility  

• Fire protection of the building or facility 

• NBCC and NFCC states that “the term “person” refers to any individual in or adjacent to the building or 

facility, including the occupants, the public, and emergency responders including firefighters when 

performing their duties. Certain technical requirements in the National Model Codes are intended to 

address the safety of emergency responders, including firefighters, when performing their duties” (A-

2.2.1.1). 

• Implicitly, the fire safety requirements in NFCC address “minimizing the impact of effluent on adjoining 

property and the environment”.   

 
In application to BEB facilities, the design objectives of fire safety and fire protection of the building in NBCC and 

NFCC should be met at least, which cover protecting personnel, bus fleet, and infrastructure. Thus, the key fire 

safety design objectives should focus on fire mitigation with the objectives specific to the charging and storage 

areas in a BEB facility [8].  

Furthermore, the design goals and performance objectives should be developed reflecting the operational 

conditions and goals, specific to a BEB facility, such as: 

• A threshold service interruption 

• A threshold facility damage acceptable to continue operation 

• A threshold impact of fire effluent on adjoining property and the environment. 
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In summary, to meet these fire safety objectives (i.e., the business continuity, environmental impact, life safety 

and property protection), fire protection design options are developed in a performance-based design approach. 

In evaluating the design options, some level of fire risk assessment is generally incorporated in the process. Fire 

risk assessment involves analysis of hazards and likelihood, in which the level of risk posed to the life and 

property is projected. Then, it is evaluated against the design goals/thresholds set in the performance-based fire 

safety design.  

While the performance criteria can be varied depending on the hazard analysis results of each facility, the US 

Federal Transit Administration Guidebook for Deploying Battery Electric Buses [9] suggests to include the 

following objectives at a minimum: 

• Sprinkler design or alternative suppression protection,  

• Fleet storage configuration with either physical or mechanical separation,  

• Safety interfaces including emergency stop capabilities” 

2.3 BEB Facility Hazard Identification  
BEBs currently deployed in Canada, including 40-ft and 60-ft models, have achieved battery capacities of up to 

800 kWh and are progressing toward 1 MWh systems. Nickel–manganese–cobalt (NMC) chemistry remains the 

dominant battery technology owing to its high energy density and suitability for extended service range [15]. 

Figure 1 shows battery capacities of different BEBs, and manufacturers are now ramping up capacity even 

further.  Standards relevant to EV batteries include IEC 62660 [16], ISO 12405 [17], J2929 [18] and UL/ULC 

2580 [19]. Currently, many countries including Canada do not have regulatory restrictions on battery capacities 

and types. However, in China, BEB battery types are dominated by LFP (Lithium Iron Phosphate), and public 

transit buses including BEB are economically incentivized to be retried or refurbished at approx.  to eight years3. 

 

Figure 1. BEB bus battery capacity 

When designing BEB facilities, it's important to consider the BEB types including battery configuration.  Although 

it is not in the scope, this document shares brief key requirements regarding both vehicles and their batteries.  

BEB batteries could be placed on the floor and/or back of the BEB, yet often go on the roof for transit buses. This 

differs from light-duty EVs, where batteries are typically located along the floor pan. As a result, thermal runaway 

behaviour, including heat propagation, venting and fire dynamics, impact on the garage celling are expected to 

differ significantly. At present, there is no widely adopted regulatory requirements at the bus body or structural 

 

 

3 This is accordingly to a new policy issued in 2025 by the Ministry of Transport, National Development and 
Reform Commission, and Ministry of Finance in China 
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level that prescribes fire resistance performance requirements for roof, wall or floor assemblies (i.e., the ability of 

an assembly to resist high temperature fire exposure for a specific duration as a means of separating the 

passenger compartment from battery-related fires). In the US and Europe, bus fire safety requirements for interior 

components are primarily governed by material‑level standards (e.g., FMVSS 302 [20] in the US and UNECE 

Regulation No. 118 [21] in the EU) and do not currently mandate time‑based fire‑resistance testing of bus body, 

roof, wall, or floor assemblies. It should be noted that NFPA 130 [22] standard for fixed guideway transit and 

passenger rail systems includes a relevant floor assembly test requirement to assess the rail car floor’s resistance 

to the fire underneath.  

For engine compartment protection of general buses, UN Regulation No. 107 - Rev.7 [23] mandates automatic 

fire suppression systems in new buses (over 22 passengers) for enhanced safety. This regulation may extend to 

BEB battery enclosures needing automatic fire suppression systems, based on protocols such as SP Method 

4912 [24]. While Canada does not officially adopt UN Regulations, they are recognised in the EU, UK, and other 

countries. 

As such, in BEBs, the battery module containment itself must be strong enough to resist pressure, heat, and fire 

developed during battery failures, as well as to withstand impacts from crashes [17–19,25]. Furthermore, while 

these modules are required to safely vent gases if a battery failure occurs [26],  SAE J3325 [27] provides design 

guidance for vent selection and integration but no mandatory test requirements. Management of gases and 

venting is addressed in UN GTR 20 [28].  Different risks and operational factors exist for roof-mounted or back-

mounted vs. floor-mounted battery modules, not only for road operation but also for storage/parking and charging. 

BEB facilities are buildings or structures that store, maintain and service buses. The main operational areas and 

functions identified in a transport center are: 

• Bus storage/parking and charging areas 

• Bus maintenance area (repair, inspection, washing, and fueling areas) 

• Garage maintenance area (mechanical and electrical room, offices) 

• Other equipment and warehouse 

 
In the bus storage/parking and charging areas, BEBs are parked usually overnight, and the batteries could be 

also charged using depot charging systems. Most Canadian BEB parking facilities are enclosed garages for 

weather protection and security. Common charging options include overnight AC or DC charging and high-power 

DC opportunity charging, such as overhead pantograph systems, overhead busway plug-in charging, and 

pedestal plug-in chargers, as shown in Figure 2. Charging systems involve high-voltage hazards and require 

emergency stop interfaces, and safe placement as well as spacing clearances to ensure safety. Standards for 

charging systems include IEC61851 and UL 2202 [29,30]. Integration with fire protection systems, including 

facility detection and suppression systems, should also be considered. 

 

Figure 2. Common charging options: from the left, overhead pantograph systems, overhead busway plug-in charging, 
and pedestal plug-in chargers 

Given the potential fire hazards of the batteries, the combustibles/flammables of the buses, and the potential 

electrical hazards coming from the charging operation, bus parking areas are fire risk zones in BEB facilities.  

The bus maintenance area and the garage maintenance area are also fire risk zones in BEB facilities. 
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2.3.1 Hazards related to the Battery on BEBs:  
This is a brief summary of BEB fire hazards. A comprehensive and detailed review of BEB fire hazards can be 

found in the accompanying literature review report. 

• Ignition 

As mentioned in the introduction, a unique risk of EVs is the additional thermal risk from the LIB. EV batteries 

alone are classified as Class 9 (Miscellaneous) dangerous goods as dictated by NFCC B-3.2.7 for indoor storage, 

providing provisions for ignition source restrictions, ambient conditions, housekeeping, storage arrangements 

and separation requirements from other dangerous goods, corrosion protection, fire suppression systems 

requirement, smoke venting, spill control, and fire department access. It is worth-noting that, once the LIB is 

integrated in the vehicle, the EV is not considered as dangerous goods. 

In addition to ignition source restrictions, BEB batteries can undergo thermal runaway, which may lead to a 

significant temperature increase of the battery, and under proper conditions, significant gas is evolved and 

potentially a fire develops. . BEB functions and facilities are susceptible to radio-frequency interference (RFI) and 

electromagnetic interference (EMI). As a result, several unique hazards from the battery are also present. Several 

of these hazards are outlined in Table 1, going into detail of some of these hazards: 

• Initial non-flaming thermal runaway 

During the early stages of thermal runaway, toxic and explosive gases are emitted, including but not limited to 

carbon dioxide, carbon monoxide, flammable gases and hydrogen fluoride4. On the facility level, these gases 

are difficult to detect early and could also pose an explosion risk. 

• Flaming thermal runaway and fire spread 

Failure to control the early stages of thermal runaway can lead to flaming thermal runaway5, resulting in several 

hazards such as rapid flame spread, jet flame, large and high flames, and significant radiative heat emission. 

Additionally, the peak heat release of BEB fires is different from conventionally fueled vehicles. Typical fire 

suppression systems are ineffective in suppressing internal battery pack fires since the reactive cells are sealed 

within a large pack. Furthermore, there is a lack of code basis for the design of sprinkler systems to protect BEB 

fleets. 

• Persistent battery fire and fire containment 

LIB fires tend to propagate quickly. To mitigate these fire conditions, containment of the fire by compartmentation 

can be used. Consideration must be given to the potential effects on parking structures resulting from sustained 

combustion of BEB batteries and the associated potential increase in thermal loads.  

• Firefighting and post-fire cleanup challenges 

 

 

4 HF generation is common to most Li-ion chemistries that use LiPF₆ electrolyte, including LFP and NMC. 

5 Experimental studies show that reducing battery state of charge substantially lowers thermal‑runaway 
heat release, gas generation, and fire severity. At SOC levels at or below approximately 50%, thermal 
runaway may occur without sustained flaming under some conditions; however, ignition and fire have still 
been observed when sufficient external heat flux, confinement, or ignition sources are present. 
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Off-gassing of the toxic vapor clouds may pose a respiratory system exposure hazard and environmental 

contamination hazard. Additionally, no provisions currently exist for managing contaminated runoff water 

generated during suppression of LIB fires. 

Due to the presence of stranded energy, damaged battery packs can spontaneously reignite even after being 

cooled and stabilized. 

Storage of end-of-life battery packs can be hazardous. Storage facilities need to consider heat exposure and fire 

suppression protocol. 

Table 1. List of BEB fire characteristics and related challenges to fire protection system. 

BEB fire characteristics  Challenges to Fire protection systems 

Non-flaming 
thermal runaway  

 

- Toxic and explosive 
gases 
- Difficult detection in 
vehicular facilities 

Detection challenging 
 
 
 

Fire suppression 
challenging 
 

 
 

Fire compartmentation 
challenging 
 
 

 
Firefighting challenging 

 
 
 

Protective gear needed 
 
 
 

Environmental concern 
 

 
 
 

 
 
 

 
 

 
 
 

 

 

Flaming thermal 
runaway, 
Explosive 

 

 
- Jet fire 

Rapid growth 

 

- Rapid flame spread  
- high flame height 
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water 

Toxic smoke  

 

- Environmental 
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2.3.2 Fire Hazard Classification and Regulatory Considerations for BEB 
Facilities 

Understanding the level of fire hazard of these fire risk zones is important since it determines the fire safety 

design requirements, such as construction type, fire resistance rating of structural elements, requirement of 

sprinkler systems and spatial separation requirements.  

Fire and life safety requirements are usually determined by a hazard classification or occupancy classification 

system in prescriptive design approaches. The NBCC classifies the Industrial Occupancy (i.e., a building used 

for processing, repairing, or storing for industrial operation) into three hazards levels: low-hazard (Group F, 
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Division 3)6, medium-hazard (Group F, Division 2)7, and high-hazard (Group F, Division 1)8. Repair garages are 

classified into the medium-hazard (Group F, Division 2), as per A-3.1.2.1.(1), and typical bus storage/parking 

areas can be classified into low-hazard (Group F, Division 3) or medium-hazard (Group F, Division 2), depending 

on the fire load or combustible content per floor area. An averaged energy content of a conventional internal 

combustion engine bus (ICEB)  is ∼48000 MJ, calculated based on the heat release rates over time from the 

reported full-scale fire test data for ICEBs [31–34].  Considering typical BEB battery capacity is in the range of 

400-600 kWh, the total energy content of a single BEB could be in the range of ∼65000 – 83000 MJ, which are 

estimated based on the average energy content per capacity, of 58 kJ/Wh for LFP cells and 43 kJ/Wh for NMC 

cells [35].   

Battery alone storage areas may be classified as high hazard industrial occupancy (Group F, Division 1), when 

they involve sufficient quantities of highly combustible and flammable or explosive materials. In such cases, the 

National Fire Code Canada (NFCC) [36] has provisions for indoor storage of dangerous goods regulated by TC 

SOR/2001-286, “Transportation of Dangerous Goods Regulations (TDGR, 2024)” (3.2.7). While NFCC does not 

provide specific requirements for BEB and BEB batteries, it requires dangerous goods be separated from other 

dangerous goods (e.g., as per its Table 3.2.7.6 or in conformance with the information provided in the Safety 

Data Sheet for the specific dangerous good). Also, it requires the storage area to be sprinklered or protected with 

a special fire suppression system, in conformance with Part 2 and good engineering practice with respect to 

specific dangerous goods. (See Note A-3.2.7.9.(1)). This is applicable to parking facilities if they have battery 

storage compartments. A comprehensive risk assessment is recommended to evaluate fire and explosion 

hazards, and appropriate mitigation measures should be implemented in accordance with applicable codes, 

standards, and industry best practices.  

For fire sprinkler system design, NFPA 13 [37] uses a distinct hazard classification system, specifically tailored 

to determine the appropriate water spray requirements for different hazard levels within sprinkler system design.  

For example, a hazard classification of parking garages was used to be Ordinary Hazard Group 19 yet recently 

changed to Ordinary Hazard Group 210, to address the increased risk posed by modern vehicles. BEB parking 

 

 

6 Low hazard industrial occupancy (Group F, Division 3) is for an industrial building in which the combustible 

content is less than 50 kg/m2 or 1200 MJ/m2 of floor area.  

7 Medium hazard industrial occupancy (Group F, Division 2) is for an industrial building in which the 

combustible content is more than 50 kg/m2 or 1200 MJ/m2 of floor area and not classified as high hazard 

industrial occupancy.  

8 High hazard industrial occupancy (Group F, Division 1) is for an industrial building which contains sufficient 

quantities of highly combustible and flammable or explosive materials that, because of their inherent 

characteristics, constitute a special fire hazard. Some examples are: bulk plants for flammable liquids, bulk 

storage warehouses for hazardous substances, distilleries, flour mills, grain elevators, spray painting 

operations, and waste paper processing plants. 

9 Ordinary hazard group 1 occupancies represent a moderate level of fire severity as the quantity is greater 

than light hazard however combustibility is still low. The definition includes a height limitation for stockpiles of 8 

ft (2.4 m). 

10 Ordinary hazard group 2 occupancies has combustibility of the contents more severe than in ordinary hazard 

group 1. The height of stockpiles is taller than ordinary hazard group 1 for the same combustibility, with a 
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garages can be considered up to Extra Hazard Group 1 or Group 2 occupancies and new BEB garages are 

designed with a water spray density higher than 0.2 gpm/ft2 (8.2- L/min/m2 for 279 m2)11. 

Extra Hazard Group 1 occupancies represent spaces nearing the top level of fire severity which apply to spaces 

with high quantity of combustibles with the potential for rapidly spreading fires. Extra Hazard Group 2 occupancies 

represent the highest hazard classifications and include spaces where the quantity of combustibles is very high, 

spaces that possess substantial amounts of combustible or flammable liquids, and/or spaces where shielding of 

combustibles is extensive.  

2.4 Fire Scenario Characterization for BEB Facility Design  
If bus storage areas and maintenance areas are identified as fire risk zones, fire scenarios would be developed 

for these areas, considering the most likely ignition source and the most likely first item to be involved in the fire. 

The fire scenarios would also consider the location of the fire and the condition in the area (e.g., room dimensions, 

ventilation, boundary materials, and other combustibles around the fire). The SFPE Engineering Guide to 

Performance-Based Fire Protection (SFPE Engineering Guide to Performance-Based Fire Protection, 2nd 

Edition, 2006) and NFPA 551 [11] provide guidance to fire scenario development.  

The US Federal Transit Administration Guidebook for Deploying Battery Electric Buses [9] and Security 

Certification of Electric Bus Fleets – Industry Best Practices [8] provide the following fire scenarios as examples 

of performance-based design:  

“Fire scenarios must consider how Li-Ion batteries contribute to the identified scenario using a typical bus 

configuration. Fire modeling should include the following fire scenarios, at a minimum: 

• BEB starts on fire during charging. All battery systems are the most susceptible to a fire event during 

charging. It is essential that charging equipment manufacturers and BEB vehicle providers offer a Failure 

Mode and Effects Analysis (FMEA) to assist in fire modeling. [8] 

• BEB starts on fire while stored among other buses with different considerations to indoor and outdoor storage 

scenarios. This should determine the extent and speed a fire might spread, including the spread between a 

fleet of densely stored buses as is typical of most agency fleet storage arrangements. [8] 

• BEB fire scenarios should be based on BEB fleet storage in an unenclosed parking garage and an open 

parking lot. [8] 

• A fire starts in the parking garage or parking lot as a result of an outside event such as arson, lightning strike, 

or facility malfunction that then involves a vehicle to ignite.” [8] 

 
In analysing these fire scenarios, computational fire modelling is suggested in [9] and [8]; however, it should be 

noted that simulating these fire scenarios including battery fire dynamics is currently highly challenging,  as there 

is currently no battery fire modelling method available that is fully validated and scalable to BEB fires. Given that 

the characteristics of battery fires and BEB fires are not yet fully understood, it is inevitable to take significant 

approximation and assumptions in the development of BEB fire scenarios.  However, there is no complete 

guidance available yet for BEB design fire scenarios appropriate for fire protection systems including detection 

system, suppression system, smoke control and fire resistance. To analyse the hazards in detail and to find 

 

 

maximum height of 12 ft (3.7 m), however, it maintains the 8-ft (2.4-m) maximum for contents with higher heat 

release rates. 

11 Some new garages are designed with a water spray density of 0.4-0.6 gpm/ft2 (16.3-24.5 L/min/m2) or higher. 
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optimum mitigation solutions, the most likely, yet challenging fire scenarios should be selected, taking into 

account the unique BEB fire characteristics. Thus, BEB fire scenarios that are particularly challenging to early 

detection and suppression, as well as preventing fire spread should be carefully considered and developed. It is 

worth noting that, a fire dynamics simulation tool was developed as part of this project to quantify the 

consequences of a fire related to LIBs in BEBs under different scenarios. The methodology, discussion and 

results are presented in another report. 

2.5 Fire safety engineering analysis to develop mitigation 
measures 

2.5.1 Fire safety engineering tools 
The fire protection system design starts with selecting Design Fire Scenarios, which are supposed to be most 

challenging to fire protection systems and appropriate to evaluate their capabilities. Design and evaluation of the 

fire protection measures in this stage often require quantified performance criteria and the use of engineering 

analysis tools. 

Fire safety engineering analysis tools often used are computational fire modelling, analytical analysis, and fire 

testing, and a combination of the tools should be included in the project plan. It should be noted that some fire 

protection systems (e.g., water mist system) require performance-based design validated through full-scale 

testing. 

• Computational fire modelling is an effective tool to explore a wide range of fire scenarios, yet it requires 

initially accurate material properties and fire behaviour data of fuels (e.g., battery and battery casing 

materials, combustibles and flammables used in the bus and garage structural materials). To obtain 

these material and fire data, small-scale fire tests are needed as inputs for the fire modelling. More 

importantly, the modeling results should be validated against test data for confirming the accuracy and 

reliability. As discussed earlier, there is currently no battery fire modelling method available that is fully 

validated and scalable to BEB battery fires. 

• Fire testing requires thorough plans and expertise to successfully execute testing. While full-scale fire 

tests could be expensive, fire tests provide good representation of actual fire behaviour under controlled 

testing condition. The fire testing should be designed and planned such that it can investigate the 

performance of a certain fire protection system (e.g., detection, suppression, fire resistance, etc.) 

 
The selected design fire scenarios are analyzed to evaluate the performance of different mitigation options and 

detail potential solutions of passive and active fire protection systems.  The selected mitigation design options 

passing the performance criteria are to be finally selected. 

2.5.2 Detection 
For typical enclosed parking garages, the 2023 edition of NFPA 88A [39] does not require automatic fire detection 

and alarm systems in enclosed parking structures that have an approved automatic sprinkler system installed 

throughout, in accordance with NFPA 13 (6.6.2.1). However, where provided, fire detection and alarm systems 

shall conform to NFPA 72 [40] National Fire Alarm and Signaling Code (6.6.1). NBCC requires a single-stage 

system in a Group F, Division 1 occupancy and a 2-stage fire alarm system for other enclosed storage garages 

(3.2.4.3.d). A single stage system provides, when activated, a full evacuation alarm immediately throughout the 

building, whereas a 2-stage system first sounds an alert signal to notify staff to investigate before triggering a full 

evacuation alarm. NFCC refers to the following CAN/ULC standards for testing and maintenance of fire 

alarm/central alarm system: CAN/ULC-S536 [41], “Standard for Inspection and Testing of Fire Alarm Systems”, 

and CAN/ULC-S561 [42], “Standard for Installation and Services for Fire Signal Receiving Centres and Systems” 

for central stations, including their fire protection signalling systems.  
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For open parking garage, the 2023 edition of NFPA 88A [39] does not require fire alarm systems (6.6.3). NBCC 

also does not require a fire alarm system for open-air storage garages up to 22 m high that fall under Article 

3.2.2.92 (3.2.4.1.6) without mixed-use occupancies. Section B-3.3.4 in NFCC for Outdoor Storage of Dangerous 

Goods provides separation, identification, training and safety precautions requirements but no detection system 

requirements. 

BEB enclosed facilities require detection systems as per NBCC, while open BEB garages may also require 

detection system due to the potential hazards of BEB fire. NFPA 855 [43] also requires suitable detection and 

alarm systems in accordance with NFPA 72 protocols for battery storage areas, but its scope is limited to 

stationary energy storage systems and does not cover EVs or parking facilities. The Design Guidelines for Bus 

Transit Systems Using Electric and Hybrid Electric Propulsion as an Alternative Fuel [44] states that “at the very 

minimum, the facility fire protection system should include the following:   

• Smoke and heat detection systems near the charging units. The detection systems should provide both 

audible and visual alarms to personnel in the facility.   

• Heat detection systems near battery storage areas, if they are separate from the charging area.” 

 
The design guidelines [44] also indicate that “any fire detection and suppression systems placed close to the 

battery charging areas must be compatible with electrical fires, guided by NFPA 72”. The design guidelines [44] 

also recommend “an independently powered system of active thermal detection in the battery compartment that 

alerts the driver and/or personnel when the temperature is greater than 180°F”. 

In the US Federal Transit Administration Guidebook for Deploying Battery Electric Buses [9] and Security 

Certification of Electric Bus Fleets – Industry Best Practices [8], interfaces of vehicle fire sensors and charging 

system emergency control systems as well as facility fire safety systems are suggested, as below: 

• Vehicle fire sensors interfaced with charging equipment and other fire life safety systems 

• BEB battery thermal detectors interfaced with building fire alarm systems and battery management 

systems 

• Charging system emergency stops interfaced with BEBs and buildings fire and life safety systems 

• Commissioning and testing of battery and charging safety interlocks on board of the BEB and as part of 

the charging equipment 

• Onboard fire suppression (directly applying extinguishment to the BEB battery modules) systems and 

thermal management systems to ensure battery modules remain cool 

 
Guidance including [9] and [8], for detection, control, and mitigation measures in BEB charging and storage 

environments remains limited, with significant variability in practical implementation, system integration and 

standardization. Since the present review is to assist the future development of fire safety design guideline for 

BEB facilities, the following notes are also provided: 

1. Early fire and smoke detection in enclosed vehicular facilities are in general challenging as those 

facilities are often equipped with ventilation systems for normal operation. Similarly, early detection of a 

non-flaming thermal runaway would be challenging solely with conventional smoke and heat detection 

systems often used in enclosed vehicular facilities. Thus, interconnecting sensors of BEB battery, 

charging equipment, and facility detection systems should be considered. For interconnections between 

fire protection and life safety systems, NFCC refers to CAN/ULC-S1001 [45], “Standard for Integrated 

Systems Testing of Fire Protection and Life Safety Systems”. An “integrated system” means two or more 

fire protection and/or life safety systems that are designed to operate together to achieve an overall fire 

and life safety objective. While the standard does not explicitly address battery monitoring systems or 

similar technologies, it establishes a methodology for verifying and documenting that all interconnections 

and cause-and-effect sequences between such systems operate as intended. It should be noted that 

some forms of cross‑system interfacing described above—particularly vehicle‑level fire detection directly 

interfaced with off‑board charging equipment and building fire alarm systems—are not currently 
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supported or required under existing U.S. product and installation standards and in practice are often 

limited by certification, cybersecurity, and system‑ownership boundaries. 

2. Detection technologies currently available and can be considered; 

• Smoke detector: spot type, ASD (Aspirating smoke detector) 

• Heat detector: spot type, line heat detector 

• Gas detector: Carbon monoxide detector, hydrogen detector 

• Flame detector 

• Thermal imaging cameras and video cameras to identify possible hot spots in BEB; and smoke and 

flame in garage spaces 

• The fire protection system provided in the bus garage should be commensurate with the electrical 

charging activity and battery storage that occur in the maintenance facility. 

 
3. Testing protocols and Performance criteria: No specific testing protocols and performance criterion are 

available for fire detection in BEB facility. In developing detection test protocols for BEB facilities, the 

NFPA – NRC research conducted to develop vehicle fire detection test scenarios for tunnel applications 

[46] could be re-visited, with particular attention to validating non-heat-based detection technologies 

against false alarms from normal operational smoke, transient hot spots and environmental conditions, 

as well as their ability to reliably detect fires involving different battery locations and closely spaced 

vehicles.. The testing method and response time criteria specified in standards (e.g., CAN/ULC-S536) 

should be reviewed.  

4. The term “emergency stop,” as used in some guidance documents, should be interpreted cautiously. In 

many cases, centrally controlled shutdown or commanded stop functions integrated with charging 

management systems provide a more practical, reliable, and proportionate level of protection than true 

hard‑wired emergency stop architectures, which can introduce complexity and reduce system 

availability. 

5. Onboard fire suppression systems intended to directly extinguish battery modules remain an area of 

active research and limited deployment. Their effectiveness, cost, maintenance burden, and applicability 

at the BEB scale are not yet well established, underscoring the need to distinguish between measures 

supported by operational data and those that are primarily conceptual or based on early‑stage studies. 

2.5.3 Suppression 
For general parking garages, the 2023 edition of NFPA 88A [39] requires automatic sprinkler systems in 

accordance with NFPA 13 [37] in all parking structures, and their inspection, testing, and maintenance in 

accordance with NFPA 25 [47]. This mandatory sprinkler system requirement in NFPA 88A applies to both open 

and enclosed garages (Section 6.4.1). NBCC refers to NFPA 13 for the requirements of automatic sprinklers 

systems and also requires sprinkler protection in most medium and high hazard industrial occupancies (Group 

F, Division 2 and 1), but open-air storage garages up to 22 m that fall under Article 3.2.2.92 (Group F, Division 

3) do not need to be sprinklered, as long as there are no other occupancies in the building (Note: this provision 

could be updated at the upcoming revision).12 NBCC and NFCC also refer to NFPA 25 for inspection, testing and 

maintenance of water-based fire protection systems.  

 

 

12 In the case of battery only storages, such as BESS, the NFCC requires for the storage of dangerous goods 

regulated by B-3.2.7.9 be equipped with a sprinkler system or other fire suppression system, throughout the 

building (i.e., not just in the area of dangerous goods storage), if not separated by a fire separation having a fire-

resistance rating of not less than 2 h. The NFCC indicates that “the objective is to control both a fire originating 
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As such, for BEB facilities, presumably for both enclosed and open BEB garages as per the 2023 edition of NFPA 

88A [39], suppression protection is suggested as the minimum fire protection requirement. However, the US 

Federal Transit Administration Guidebook for Deploying Battery Electric Buses [9] and Security Certification of 

Electric Bus Fleets – Industry Best Practices [8] clearly state that there is a lack of industry consensus of fire 

suppression extinguishment of a battery fire (e.g., for more information regarding the concern, see Appendix C 

in [8]). These two documents also acknowledge the following challenges and gaps in fire suppression protection 

design: 

• The lack of code basis for the design of fire suppression systems to protect BEB fleets. 

• Conventional sprinkler systems are largely ineffective in suppressing internal battery pack fires  

• There are no provisions for managing the contamination of suppression water when used to suppress 

Lithium-Ion battery fires. 

 
They suggest possible approaches to the above challenges, such as allowing extreme physical separation 

between BEBs and/or relying on the prescriptive design methods, but overdesigning the sprinkler systems as an 

Extra Hazard Group 1 and Extra Hazard Group 213.  

Since the present review is to assist the future development of fire safety design guideline for BEB facilities, the 

authors provide the following notes: 

1. System objectives can be clarified taking into account the fire characteristics of BEB fires. The objective 

of a water-based fire suppression system is generally described using at least one of these terms: fire 

control, suppression, and extinguishment. Fire control means resisting fire development and holding the 

fire to an area; fire suppression means reducing the heat release rate of the fire by lowering the fuel 

burning rates; and fire extinguishment means putting out the fire. In the case of vehicle fires, as in tunnels 

per NFPA 502, the objective is not extinguishment but fire control since vehicle fires are shielded in 

vehicles and very difficult to be suppressed or extinguished (i.e., for this reason, the system is called 

‘water-based fixed fire fighting system’ rather than fire suppression system).  

In clarifying the system objectives as control/suppression, for the suppression system of BEB facility, it is needed 

to check the compliance to NBCC objectives. The objectives and functional statement of the sprinkler requirement 

for low-hazard (Group F, Division 3), medium-hazard (Group F, Division 2), and high-hazard (Group F, Division 

1) are “Safety” (of a person in or adjacent to the building) and “Fire protection of the building” by limiting the 

severity and effects of fire or explosions; and retarding failure or collapse due to the effects of fire.  

2. Suppression technologies currently available and can be considered; 

• Sprinkler systems: automatic, deluge, dry-pipe, etc. 

• Water-based fire suppression systems consisting of foam14 or fire extinguishing agents appropriate 

for Class C and Class D 

• Water mist systems for area cooling and protection for electrical hazards 

 

 

in a spot remote from the dangerous goods, so that it never threatens the dangerous goods, and a fire involving 

the dangerous goods themselves”. 

13 Extra hazard group 2 occupancies represent the highest hazard classifications and include spaces where the 

quantity of combustibles is very high, spaces that possess substantial amounts of combustible or flammable 

liquids, and/or spaces where shielding of combustibles is extensive. 

14 Foam containing fluorine should not be considered for environmental impacts. 
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• While water mist systems are effective for cooling, their application as total flooding systems in large 

spaces like BEB facilities is challenging, whereas traditional sprinkler systems focus more on fuel 

wetting and may require significantly more water to achieve comparable cooling.   

• Gaseous/aerosol systems15  

• Hybrid systems combining water mist and other gaseous/aerosol systems 

• The fire protection system provided in the bus garage should be commensurate with the electrical 

charging activity and battery storage that occur in the maintenance facility. 

 
3. Testing protocols and Performance criteria: No specific testing protocols and performance criterion are 

available for BEB facilities. However, based on the system objective discussed above, the suppression 

system performance should limit the fire spread from the origin bus to the adjacent buses, while 

controlling the fire and cooling the surrounding (note: controlling the fire might not be possible) with a 

sufficient spray rate for a sufficient duration even to assist firefighting. Currently, suppression testing 

methods are available for stationary batteries in UL 9540A [48]; however, these do not include a 

procedure specifically designed to assess fire suppression effectiveness within BEB garage 

environments. 

4. Spray rate for cooling and limiting fire spread and minimizing impact on the structure: In specifying the 

performance criteria, temperatures on the adjacent buses and temperatures on the ceiling of the 

structure should be considered. To achieve the target cooling performance, a required water spray rate 

needs to be evaluated, usually through fire testing in performance-based design approach. The 

prescriptive design rules could be considered, as in CSA B401.4 [49], which calls for an automatic 

sprinkler system designed and installed in accordance with NFPA 13 [37] for battery storage rooms, 

following the commodity classification updated for battery storage as per FM Global Data Sheet 8-01 

[50]. 

For BEB facilities, [9] and [8] suggest to consider the prescriptive design rules as per NFPA 13 [37] yet  

by overdesigning spray rates. Extra Hazard Group 1 spray density/area is 0.28 gpm/ft2 for 3000 ft2 (11.4 

L/min/m2 for 279 m2), and Extra Hazard Group 2 spray density/area is 0.38 gpm/ft2 for 3000 ft2 (14.7 

L/min/m2 for 279 m2). 

The FM property loss prevention data sheets can be considered. FM Global Data Sheet 3-26 [51] 

recommends a spray density of 0.3 gpm/ft² over 2,500 ft² for Hazard Category 3, which includes parking 

garages. FM Global DS 5-33  [52] also requires the same spray rate of 0.3 gpm/ft2 (12 mm/min) for 

Energy Storage System (ESS) systems, with an additional allowance of 250 gal/min (946 L/min) for hose 

streams. It should be noted that in their testing of a 125 kWh LIB energy storage system utilizing lithium 

nickel oxide/lithium manganese oxide (LNO/LMO) batteries, the fire growth ultimately exceeded the 2500 

ft2 design area. This means that a battery fire can develop too fast which can result in opening sprinkler 

heads more than the number that the water system pressure can support.  

Although NFPA 855 [43] primarily addresses ESS safety, its guidelines can be helpful for BEB garage 

applications. The standard requires that sprinkler systems be designed based on large-scale fire tests 

when ESS units are arranged in groups larger than 50 kWh and separated by more than three feet, 

which is a setup commonly found in BEB garages.   

IFC Section 903.3.1.1.3 [53] also stipulates that an effective spray rate must be determined through 

laboratory testing.  

 

 

15 Gaseous/aerosol systems generally do not have cooling effect.  
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5. Design area and duration: Activation of nozzles beyond the hydraulic limit needs to be checked through 

testing, because battery fires spread fast. The performance criteria/requirements also include a spray 

duration. The minimum duration of a water supply for NFPA 13 extra hazard occupancy is 90 or 120 

minutes. In FM Global DS 5-33 [52], the duration of the water supply is 45 minutes. 

6. System actuation: In considering dry-pipe/pre-action system, the performance criteria should include its 

tolerable time to activate since the battery fire tends to grow very fast from the on-set. 

7. Consideration for tenability: The system performance should maintain the tenability of the area, sufficient 

to allow personnel to escape safely and to allow safe fire rescue and service. 

 
It should be noted that the fire suppression system needs to be designed by experienced professionals, using 

good engineering practice to establish design criteria, such as the type of suppressant to use and the rate of 

application. 

2.5.4 Fire Separation and Resistance  
For general enclosed or open parking garages, the 2023 edition of NFPA 88A [39] requires “parking structures 

located within, immediately below, attached to, or less than 10 ft (3 m) from a building or another occupancy used 

for any other purpose shall be separated by walls, partitions, floors, or floor-ceiling assemblies having fire 

resistance ratings of not less than 2 hours, determined in accordance with ASTM E119, or UL 263” (5.3.1). The 

2-hours fire resistance rating can be reduced to 1 hour, where the parking structure is entirely protected by an 

approved automatic sprinkler system (5.3.2). NBCC requires the medium-hazard (Group F, Division 2) industrial 

building (e.g., enclosed garage) referred to in Sentence 3.2.2.76 (1) be of non-combustible construction and 

sprinkled throughout and floor assemblies with a fire resistance rating not less than 2 h. Other load bearing walls, 

columns and arches shall have a fire resistance rating not less than that required for the supported assembly. 

NFCC requires for the indoor storage of dangerous goods regulated by B-3.2.7.9 be equipped with a sprinkler 

system or other fire suppression system, throughout the building or separated by a fire separation having a fire-

resistance rating of not less than 2 h. For open parking garages, fire-resistance rating requirements in NBCC 

varies depending on the construction type, the area and height of the structure.  

Similarly for Battery Electric Vehicle maintenance and storage facility, CSA B401.4 [49] requires 2-hour fire 

resistance rating for walls and barriers separating rooms or spaces containing battery and hybrid electric vehicles 

(including battery storage rooms) from other uses in the building; if windows are in walls or partitions that separate 

major repair areas from other spaces, they must meet appropriate local building codes and must be self-closing 

or non-opening.  Additionally, ceilings must be non-combustible construction and constructed in accordance with 

appropriate local building code.  

As such, BEB facilities are supposed to be fire-separated from a building or another occupancy, applying the fire 

resistance requirements in local building codes. A numerical fire modelling of BEB and ICEB in a tunnel (with a 

height of 6 m) [54] reported higher temperature estimated on the ceiling from a BEB fire, and that the time-

temperature curves from the BEB fire showed higher temperature for a period longer than 10 minutes, than the 

standard time-temperature curves used in ASTM E119 [55] and ISO 834 [56] standard fire resistance tests. A 

similar finding was reported by Kang et al.[57], who observed that their EV passenger vehicle fire's initial growth 

was rapid, surpassing the standard time-temperature curve of ISO 834 [56] and closely matching the hydrocarbon 

RWS [58] fire curve. 

In addition to the fire separation for the protection of adjoining occupancies and spaces, dividing a large parking 

space into several smaller zones is discussed as an architectural mitigation measure to prevent and slow the fire 

spread in the report published by Netherland Academy for Crisis Management and Fire Services [59], while the 

scope of their report is on general parking garages. The report discussed options of partition walls, sliding doors 

or rolling shutters for the partition, but the report also stated that there could be adverse effects, such as more 

rapid fire spread within a compartmented/separated zone, and potential blocking of firefighting activities.  
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Instead of physical partitioning, extreme storage distances between BEBs are discussed in [9] and [8] as an 

approach to minimize the spread of fire in the event of a fire. They discuss an example, “if BEB storage typically 

calls for buses to be stored with a three-foot separation between each bus, calling for an eight-foot separation 

requires a significant amount of unutilized open space”, and “mitigating the associated hazard of fire spread can 

only be based upon a best-practices approach”. 

2.5.5 Normal Ventilation and Emergency Smoke Control 
For general enclosed parking garages, the 2023 edition of NFPA 88A [39] does not require any emergency 

smoke control systems. But it requires all enclosed parking structures to be ventilated by mechanical system 

capable of providing a minimum of 1 ft3/min per ft2 of floor area (300 L/min of m2 of floor area) during hours of 

normal operation (6.3.1).  NBCC also does not require emergency smoke control systems for low to high hazard 

industrial occupancy (Group F, Divisions 3, 2 and 1). Nonetheless, NFPA 88A requires offices or other similar 

spaces be separated from parking areas by walls or partitions that resist the passage of smoke (5.3.5).  

NFCC provides provisions for indoor storage of dangerous goods (B-3.2.7.10): “Where the collective individual 

storage areas for dangerous goods exceed 10 m2 in a fire compartment, means shall be provided for manual or 

automatic venting of smoke and toxic gases from the storage area under fire conditions.” NFCC also states that 

“venting of smoke and other products of combustion can be achieved by opening roof vents, breaking skylights, 

removing panels or opening windows. Smoke and hot gases should be vented directly to the outdoors.”  

For Battery Electric Vehicle maintenance and storage facility, CSA B401.4 [49] mandates a ventilation of 2 air 

changes per hour16 in repair areas under normal conditions. It does not allow cross-ventilation from parking to 

adjacent spaces, but the opposite is allowed. However, in battery rooms, if forced or natural ventilation is required 

by the building code, there must be a functional test of any associated detection and alarm systems. In addition, 

purge ventilation is required in parking, charging and repair areas. In particular, a minimum purge ventilation rate 

of 2 air changes per hour (ACH) or the required minimum ventilation rates from the local building codes, 

whichever is higher, must be provided. Furthermore, distribution of the purge intakes must be such that toxic and 

flammable gases can be purged from all areas. Finally, there is a 6 m minimum distance requirement between 

the intake and outlets of the purge ventilation systems. 

CSA B401.4 does not have specific emergency smoke control requirements, yet it mentions that any smoke- and 

fire-detection control system must include a rechargeable source of standby power to maintain operation for at 

least 24h in standby mode or 2h in alarm mode. 

For bus garage and parking garages, ASHRAE Standard HVAC Applications Chapter 16 Enclosed Vehicular 

Facilities [60] provides nonemergency ventilation requirements, but no detailed emergency smoke control 

requirement. It mentions that “for parking levels with large interior floor areas, a central emergency smoke 

exhaust system should be considered for removing smoke (in conjunction with other fire emergency systems) or 

vehicle fumes under normal conditions”. There is currently no comprehensive design guidance specific to BEB 

facilities, and neither NFPA 855 [43] nor NFPA 88A [39] mandates emergency smoke control systems for parking 

structures. This highlights a gap in current codes, emphasizing the need for tailored smoke control strategies in 

BEB facilities. 

 

 

16 An air change rate of 2 air changes per hour (ACH) indicates that the total air volume within the space is 
replaced twice per hour, corresponding to one complete air volume exchange approximately every 30 
minutes. 
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However, for BEB facilities, the ASHRAE standard [60] indicates that “current codes and design standards 

developed for conventional fuels may not be valid for alternative-fuel buses. Comprehensive design guidelines 

are not yet available.”  

Since the present review is to assist the future development of fire safety design guideline for BEB facilities, the 

following notes are provided: 

1. In BEB facilities, normal ventilation is required to prevent the accumulation of the gases from batteries 

venting. While its scope does not cover electric vehicle garages, NFPA 855 [43] requires ventilation 

systems in ESS to prevent gas concentrations from exceeding 25% of the lower flammability limit, and 

in some cases, explosion protection must comply with NFPA 68 (deflagration venting) [61] and NFPA 

69 (explosion prevention systems) [62].  

2. Emergency smoke control systems, either mechanical or natural, can be considered in enclosed BEB 

storage garages since they can help slow build-up of the hot smoke ceiling layer (i.e., its radiative heat 

causes fire spread). NFPA 92 Standard for Smoke Control Systems (NFPA 92, 2024) could be further 

reviewed.  

3. Emergency smoke control systems can be considered to be interconnected with smoke/fire detection 

systems, as well as EV charging stations. In this way, normal ventilation can be automatically switched 

to emergency smoke control systems.  

4. Smoke control needs to be designed by professionals since the effectiveness of smoke control depends 

on its capacity, location and strategy. Given that ventilation systems can also cause unwanted fire and 

smoke spread within the indoor garage, detailed engineering analysis including smoke modelling is 

needed.  

2.5.6 Design requirements for emergency response and firefighting 
It should be noted that  electric vehicle (EV) batteries are classified as dangerous goods in Class 9, so where 

necessary, design requirements for fire department access in NFCC B-3.2.7.12 could be considered. “Access to 

at least 2 sides of a building used for the storage of dangerous goods is required so that, if necessary, firefighting 

operations can be set up on the upwind side of the building to minimize the adverse effects of toxic smoke.” 

It is important to involve fire service from the design phases of BEB facility construction project since there are 

lots of difficulties encountered by the fire service in extinguishing battery fires requiring massive amounts of water 

or adopting other means, procedures, and specialized equipment, in particular for fires involving trucks and 

buses. Although emergency response procedures typically include reporting the incident, isolating fire, and 

containing or suppressing the fire, the unique characteristics and rapid escalation of battery fires can make these 

steps difficult to implement effectively in practice. 

In CSA B401.4, an emergency response plan (ERP) must be established. Furthermore, the ERP must be readily 

available to operations and maintenance personnel. The ERP must include a description of reasonably expected 

hazards, procedures to follow when those hazards materialize, procedures for inspection and testing of mitigation 

systems, procedures for inspection/testing before resuming operations, procedures and intervals for training and 

drilling of staff and first responders in following the ERP and the required qualifications for all ERP roles. Any 

incident that involves a battery must trigger an emergency response.  

CSA B401.4 also requires portable fire extinguishers to be provided for the portions of a vehicle maintenance 

facility designated for maintenance, repair, and storage in accordance with regulations, codes and standards 

specified by the authority having jurisdiction. Furthermore, there are some requirements on housekeeping: 

namely that the repair garage must be inspected daily and hazardous conditions removed and firefighting 

equipment must be readily accessible via aisle space that is maintained free of obstructions. Additionally, the fire 

department must have a means to shut down purge fans when both fire and gas-detection systems operate. 

Specifically, when fire-detection or fire-suppression systems actuate, there must be interlocks to shut down the 
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normal HVAC systems; if both the fire system and gas-detection system actuate, the purge ventilation system 

must continue to run (or the purge portion of the HVAC system). Finally, a keylock must be installed in the fire 

panel or control panel to allow the fire department to shut the purge fans off. 

2.5.7 Design requirements for spill and drainage 
It should be considered that EV batteries are classified as dangerous goods in Class 9, so where necessary, spill 

control provision in NFCC B-3.2.7.11 for indoor storage of dangerous goods could be considered, which refers 

to article NFCC B-4.1.6.1. This article provides requirements for spill control and drainage systems, addressing 

drainage of effluent from firefighting operation. The supplementary note of this article indicates that “the fire safety 

plan must ensure that all critical areas, such as buildings, means of egress, fire department access, control 

valves, fire alarm panels, etc., in the path of a potential overflow remain accessible during the fire emergency 

and that the flow of liquid is directed away from such areas. The plan must allow for reliable and immediate 

notification of an emergency, such as by providing an automatic notification system, which will facilitate early 

intervention by the fire department.” Furthermore, it states that “the plan must incorporate measures, including 

design features, that will minimize the impact of effluent on adjoining property and the environment.” 

2.5.8 Quarantine areas  
CSA B401.4 [64] also has requirements for quarantine areas for vehicle and battery monitoring. There are 

minimum separation distances for outdoor quarantine areas; Outdoor quarantine areas must be at least 6 metres 

from property lines, 15 metres from buildings, vehicles, combustibles and ignition sources, and 3 metres from 

exit doors and windows. If separation distances cannot be met, the area needs to be isolated with a 2-hour fire 

rate barrier that extends 0.5 m horizontally and vertically beyond the asset. For indoor quarantine areas, there 

are several provisions that need to be satisfied. Indoor quarantine areas for vehicles and batteries must be 

separated from the rest of the building by a 2-hour fire-rated barrier or an enclosure system, and equipped with 

fire alarm, detection, and sprinkler systems (as per NFPA 13), as well as ventilation to prevent the accumulation 

of explosive mixtures (as per NFPA 69). Emergency personnel must have easy access, entry doors must display 

approved signage indicating restricted access and battery type. Storage of flammable or oxidizing materials 

(except vehicle tanks) is not allowed in the quarantine room. 

 

3 Vehicle and charging system-related standards 

While this report focuses primarily on fire safety at the facility level, understanding the standards governing BEB 

design and operation is essential for assessing the hazards they may present to life and property, both within 

and beyond the facility environment. These standards directly influence the facility-level requirements and 

considerations discussed throughout this report. 

As with all buses, BEB fires can arise from many causes, including those unconnected to the battery or drive 

system. In general, these hazards are addressed by long-standing standards not specific to BEBs, such as 

Canadian Motor Vehicle Safety Standard (CMVSS) 302 – Flammability of Interior Materials, which continue to 

apply. These standards of general application to transit buses are not discussed further in this section. 

3.1 BEB system safety standards 
In Canada, ANSI/CAN/UL/ULC 2580:2022 – Batteries for Use In Electric Vehicles applies to the battery 

assemblies in EVs, and evaluates the ability of those assemblies to withstand mechanical, environmental, and 

electrical abuse and protect persons from any resulting hazards. SAE J2929 – Safety Standard for Electric and 

Hybrid Vehicle Propulsion Battery Systems Utilizing Lithium-based Rechargeable Cells covers similar issues on 

a performance basis for the whole vehicle system, while IEC 62660-3 covers battery cell safety internationally. 
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CSA E62660-2 (a Canadian adaptation of IEC 62660-2) covers reliability and abuse testing for products utilized 

with chargers installed in accordance with CSA C22.1, Canadian Electrical Code, Part I. 

Outside of the battery system, the presence of high-voltages associated with the drivetrain bring risks of electrical 

shocks. The ISO 6469 series of standards specify safety requirements for EVs, including the storage system 

(Part 1), operational safety (Part 2), electrical circuits (Part 3), and post-crash safety (Part 4), ensuring that these 

systems are designed to minimize hazards to occupants and first-responders. ISO-6469-1 was amended in 2022 

to include requirements to manage thermal propagation within battery packs, and is currently in the process of 

being fully redrafted. CMVSS 305 – Electrolyte Spillage and Electrical Shock Protection applies to all bus types, 

although having larger batteries and more extensive usage of high-voltage components increase the importance 

and extent of application of this standard.  

3.2 Vehicle construction and onboard fire suppression 
BEBs introduce high-voltage systems, high-capacity batteries, and associated control systems. Standards that 

address the integration of these systems into bus construction therefore play an important role in managing 

safety. 

As reflected in the literature reviewed, the effectiveness of onboard suppression systems for battery fires is very 

much open to question; unsurprisingly, this resulted in no standards for this application.  

Although not a standard, SAEJ2910 - Recommended Practice for the Design and Test of Hybrid Electric and 

Electric Trucks and Buses for Electrical Safety provides high-level design guidance on ensuring electrical safety 

in a BEB. While there are some prescriptive stipulations (for example, that at least two means of high-voltage 

disconnect be provided for use by emergency personnel), in general it identifies hazards and suggests design 

objectives through which they can be managed. Similarly, SAE J1766 – Recommended Practice for Electric, Fuel 

Cell and Hybrid Electric Vehicle Crash Integrity Testing provides a similarly high-level overview of methods to 

address the various hazards that could arise during a BEB crash, although in many ways this overlaps with the 

area of focus of ISO 6469-4 discussed earlier. As recommended practices, both these documents generally focus 

on the identification of hazards and design objectives rather than functioning as prescriptive codes. The ISO 

6469 series covers many of these same areas, providing vehicle-level safety requirements for electrically-

propelled road vehicles under both standard and post-crash conditions. 

While not directly a vehicle construction standard, ISO 26262 – Road vehicles – Functional Safety indirectly 

addresses fire risks associated with malfunctioning in electrical and electronic systems. 

SAE J3125 - Technical Information Report for Integration of Battery Pack Systems in Bus Electrification provides 

high-level considerations for integration of battery systems in BEBs. While not a standard per-se, it is a useful 

overview of considerations, and references many of the codes and standards referenced elsewhere in this report. 

3.3 Charging and electrical system safety 
While charging technology is fast-moving, charging standards are comparatively well-developed compared to 

the other areas discussed previously in this section. CSA C22.2 NO. 346/UL 2202 – DC charging equipment for 

electric vehicles ensures charging stations and onboard chargers meet safety and compatibility requirements 

with vehicle systems. Similarly, CSA C22.2 NO. 281.1-12/UL 2231 – Standard for safety for personnel protection 

systems for electric vehicle (EV) supply circuits: General requirements reduces the risk to users from accessible 

parts, both on-board and external to the vehicle.  

ISO 17409 – Electrically propelled road vehicles — Conductive power transfer — Safety requirements specifies 

safety requirements for power transfer between road vehicles and external circuits, and can be considered 

complimentary to ISO 6469-3’s addressing of on-board electric safety. This includes standard charging and 
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provisions for bidirectional charging if implemented. SAE J3105 – Electric Vehicle Power Transfer System Using 

Conductive Automated Connection Devices, currently a Recommended Practice, covers testing and performance 

requirements for automated connection devices and is currently being developed as a standard. 

3.4 Emergency response 
The ISO 17840 series are the most relevant standards to BEBs, primarily ISO-17480-2 – Information for first and 

second responders – Part 2: Rescue sheet for buses, coaches and heavy commercial vehicles, ISO-17480-3 – 

Information for first and second responders – Part 3: Emergency response guide template, and especially ISO-

17480-3 – Information for first and second responders – Part 4: Propulsion energy identification. These standards 

provide quick and comprehensive way for communicating vital information in case of emergency. They apply to 

vehicles of any powertrain with specific provisions applicable to BEBs. 

SAE J2990 – Hybrid and EV First and Second Responder Recommended Practice provides high-level guidance 

on actions that can be taken before and following an incident, including adherence to the ISO 17840 standard 

discussed above. 

 

4 Discussion 
 

Table 2 provides a summary of the various fire safety measures and requirements for BEB facilities that were 

reviewed in Section 2.5, organizing them across the different phases of battery related hazard escalation outlined 

in Sections 2.3 and 2.4. While both vehicle level and facility level fire safety measures are mapped to their 

corresponding hazard phases, it should be noted that the primary scope of this review is centred on facility-level 

fire safety measures. Vehicle level considerations are included only briefly to provide context and highlight 

interactions with facility systems, but the main focus remains on the requirements and strategies applicable to 

the facility itself. 

Table 2 highlights gaps in vehicle and facility requirements standards (such as detection, suppression, and fire 

resistance). Symbols (●, ⁉, ⁇) indicate the availability or lack of relevant standards, as well as partial details 

where applicable. This analysis confirms the need for holistic codes and standards that guide the integration of 

fire protection measures throughout all stages of potential incidents. 

Vehicle battery safety during routine parking and charging operations is overseen by battery management and 

monitoring systems, together with integrated charging system safeguards (see Section 2.3 for details including 

key relevant standards). In this phase for facility level, normal ventilation or purge ventilation is required as there 

could be gas emission (see Section 2.5.5 for details including key relevant standards).  

Timely identification of battery failure depends on effective battery monitoring and alarm systems; therefore, it is 

recommended to integrate sensors from BEB batteries, charging equipment, and facility detection systems. 

However, comprehensive guidelines for such integration are not yet available (see Section 2.5.2 for details). 

Facility-level fire detection systems are required to conform to current relevant standards, yet no specific testing 

protocols and performance criterion are available for BEB facility (see Section 2.5.2 for details).  
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Table 2. Fire Safety Measures for BEB Facilities Across different Hazard Stages 

Enclosed BEB facility 
Note: ● standards currently available 

         ⁉ standards currently available, limited details 

         ⁇ standards currently unavailable 

 

 

Normal  
Parking 
Charing 

Onset of 
Failure 

Non-Flaming 
Thermal 
Runaway 

Flaming 
Thermal 
Runaway 

Fire Spread 

Behaviours Gas release Gas venting 

Gas venting 
Heat and pressure 
increase in the 
battery 
containment 

Flame/Jet flame 
Smoke and 
flammable 
gases 

Persistent fire 
Spread to bus 
interior and 
adjacent buses 

Vehicle-Level Protection 

 

● Battery 
management or 
monitoring 
system (BMS) 
● Charging 
system safety 

● Battery thermal monitor/alarm 
(BTM) 
 
⁉ Battery enclosure vent system 
 
 

● Battery 
enclosure fire 
containment  

⁇ Bus battery 
compartment fire 
protection 
 
⁇ Bus interior 
wall/ceiling fire 
resistance 

Facility-Level Protection  

Ventilation 
● Normal 
ventilation/Purge 

    

Detection  
⁉ BMS/BTM 
integrated 
detection  

⁉ Facility smoke 
detection 

  

Suppression    ⁉ Suppression system 

Smoke Control    ⁇ Smoke control 

Fire Resistance     
⁉ Facility 
structural fire 
resistance 

ERP 
Firefight 

● ERP 

● ERP activation 

⁉ Isolate fire after reporting 

● Quarantine 

 

During thermal runaway, temperature and pressure rise inside the battery enclosure. To mitigate, the battery 

system includes a pressure relief vent for flammable/explosive gases, which can turn into a jet flame when the 

conditions meet. However, there is no clear performance requirements and testing protocols available (see 

Section 2.3).  

When a battery thermal runaway escalates to fire, current standards address the battery enclosure integrity 

requirements (see Section 2.3). There is currently no requirement for active systems (e.g., suppression systems) 

and passive systems (e.g., fire resistance vehicle ceiling/wall) at vehicle-level that could contain battery fires and 

prevent their spread to the bus passenger compartment or outside the vehicle body (see Section 2.3). 

As a result, BEB fires may compromise facility fire safety, necessitating the installation of facility-level fire 

suppression systems. However, performance objectives, design guidelines, and testing protocols for these 
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systems have not been established (see Section 2.5.3 for details). Additionally, there are currently no standard 

guidelines available for smoke control (see Section 2.5.5 for details). 

Due to the persistent risk of battery fires, there is a need to update fire resistance requirements. However, no 

testing protocol performance criteria have been updated to account for potentially higher thermal loads, 

explosions, or jet fires. 

While standards exist for ERP and quarantine requirements, the rapid escalation and suppression challenges of 

battery fires often mean that isolating the fire after reporting may not be feasible in practice.  

This review highlights significant gaps in current codes and standards regarding fire safety in battery-electric bus 

(BEB) facilities, especially when considering the full spectrum of hazard evolution.  

 

5 Conclusions 
 

This review provides the status of applicable codes and standards pertaining to fire safety design of storage 

facilities for battery-electric buses (BEBs), which is to support the development of fire safety design guidelines 

for BEB facilities.  

From this review, the following key points are concluded: 

• As there is no code or standard clearly and entirely laying out fire safety design requirements for BEB 

facilities, BEB facility design is likely to follow the performance-based approach, or in combination of 

performance-based and prescriptive approach. 

• In establishing the design goals and performance objectives, guidelines are needed to clearly 

incorporate not only the minimum design objectives set by the local building codes and fire codes, but 

also the objectives and functional needs specific to each BEB facility. To identify such objectives and 

needs, risk analyses could be utilized to identify actual hazards in the facility and to consider impacts on 

the business and environment, and others. 

• Fire scenarios to be used in the design of BEB facility should include the fire characteristics of BEBs, 

which would vary depending on bus models and manufacturers. While the fire scenarios should be 

developed such that they can address the challenges that each fire scenario pose to fire protection 

design, including detection, suppression, smoke control, and fire separation and resistance, there is no 

clear guideline yet available to support the development of fire scenarios.  

• The fire protection systems (e.g., detection, suppression, smoke control, and fire separation and 

resistance) are designed through fire safety engineering analysis. 

• There is still a huge knowledge gap regarding the effectiveness of conventional fire protection systems 

(e.g., detection, suppression, smoke control, and fire separation and resistance) against battery and 

BEB fires. 

• Technical guides are needed to support identifying and quantifying performance criteria. Through the 

fire safety engineering analysis, the fire protection systems are detailed by identifying required specifics 

(e.g., detection time, water spray rates for sprinkler, etc..), which cannot be sufficiently established 

without quantified performance criteria or pass/fail criteria. 

• There is no clear guide yet available for environmental impacts of BEB facility fires. 

Providing design guides is critical since most of fire risk can be designed out during the design phases so that 

the facility risk management in post-construction could be coordinated and competent. 
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Appendix 

Appendix A-1: Summary of key NFPA standards 
NFPA 88A (2023) – Standard for Parking Structures 

- This standard shall cover the construction and protection of, as well as the control of hazards in the 

following: 

o Open and enclosed parking structures 

o Parking systems 

- This standard shall not apply to private garages not exceeding 1000 ft2 (92.9 m2) associated with 

residential buildings. 

- This standard shall not apply to a free-standing, one storey covered structure that is open on at least 

two sides that provides shelter and storage for motor vehicles. 

(NFPA 88A, 1.1, 1.1.1, 1.1.2) 

NFPA 30A (2024) – Code for Motor Fuel Dispensing Facilities and Repair Garages 

- This code shall apply to motor vehicles repair garages. 

(NFPA 30A, 1.1.2) 

NFPA 90A (2024) – Standard for the Installation of Air-Conditioning and Ventilating Systems 

- This standard shall prescribe minimum requirements for safety to life and property from fire. These 

requirements shall be intended to accomplish the following: 

o Restrict the spread of smoke through air duct systems within a building or into a building from 

the outside 

o Restrict the spread of fire through air duct systems from the area of fire origin, whether located 

within the building or outside 

o Maintain the fire-resistive integrity of building components and elements such as floors, 

partitions, roofs, walls, and floor-ceiling or roof-ceiling assemblies affected by the installation of 

air duct systems 

o Minimize the ignition sources and combustibility of the elements of the air duct systems 

o Permit the air duct systems in a building to be used for the additional purpose of emergency 

smoke control 

- This standard shall apply to all systems for the movement of environmental air in structures that serve 

the following: 

o Spaces over 708 m3 (25,000 ft3) in volume 

o Building of Types III, IV, and V construction over three stories in height, regardless of volume 

o Buildings and spaces not covered by other applicable NFPA standards 

o Occupants or processes not covered by other applicable NFPA standards 

(NFPA 90A, 1.2, 1.3) 

NFPA 220 (2024) – Standard on Types of Building Construction 
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- This standard defines types of building construction based on the combustibility and the fire resistance 

rating of a building’s structural elements. Fire walls, non-bearing exterior walls, non-bearing interior 

partitions, fire barrier walls, shaft enclosures, and opening in walls, partitions, floors, and roofs are not 

related to the types of building construction and are regulated by other standards and codes, where 

appropriate.  

- This standard provides definitions for standard types of building construction. 

(NFPA 220, 1.1, 1.2) 

NFPA 101 (2024) – Life Safety Code 

- The Code addresses those construction, protection, and occupancy features necessary to minimize 

danger to life from the effects of fire, including smoke, heat, and toxic gases created during a fire. 

- The Code establishes minimum criteria for the design of egress facilities so as to allow prompt escape 

of occupants from buildings or, where desirable, into safe areas within buildings. 

- The Code addresses other considerations that are essential to life safety in recognition of the fact that 

life safety is more than a matter of egress. The Code also addresses protective features and systems, 

building services, operating features, maintenance activities, and other provisions in the recognition of 

that fact that achieving an acceptable degree of life safety depends on additional safeguards to provide 

adequate egress time or protection for people exposed to fire. 

- The Code also addresses other considerations that provide for occupant protection during emergency 

events involving hazardous materials. 

- The Code does not address the following: 

o General fire prevention or building construction features that are normally a function of fire 

prevention codes and building codes. 

(NFPA 101, 1.1.1-1.1.4, 1.1.9.1) 

NFPA 13 (2025) – Standard for Installation of Sprinkler Systems 

- This standard shall provide the minimum requirements for the design and installation of automatic fire 

sprinkler systems and exposure protection sprinkler systems covered within this standard. 

- This standard is written with the assumption that the sprinkler system shall be designed to protect against 

a single fire originating within the building. 

(NFPA 13, 1.1.1, 1.1.3) 

NFPA 5000 (2024) – Building Construction and Safety Code 

- This Code addresses those construction, protection, and occupancy features necessary to minimize 

danger to life and property. 

- The purpose of the Code is to provide minimum design regulations to safeguard life, health, property, 

and public welfare and to minimize injuries by regulating and controlling the permitting, design, 

construction, quality of materials, use and occupancy, location, and maintenance of all buildings and 

structures within the jurisdiction and certain equipment specifically regulated herein. 

- The provisions of the Code shall apply to construction, alteration, repair, equipment, use and occupancy, 

maintenance, relocation, and demolition of every building or structure, or any appurtenances connected 

or attached to such buildings or structures within the jurisdiction.  

(NFPA 5000, 1.1.1, 1.2, 1.3.1) 

NFPA 92 (2024) – Standard for Smoke Control Systems 
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- This standard shall apply to the design, installation, acceptance testing, operation and ongoing periodic 

testing of smoke control systems. 

- The purpose of this standard shall be to establish requirements for smoke control systems to accomplish 

one or more of the following: 

o Inhibit smoke from entering stairwells, means of egress, smoke refuge areas, elevator shafts, 

or similar areas 

o Maintain a tenable environment in smoke refuge areas and means of egress during the time 

required for evacuation 

o Inhibit the migration of smoke from the smoke zone 

o Provide conditions outside the smoke zone that enable emergency response personnel to 

conduct search and rescue operations and to locate and control the fire 

o Contribute to the protection of life and to the reduction of property loss 

(NFPA 92, 1.1, 1.2) 

CSA B401.4 (2025) – Battery Electric Vehicle (BEV) Maintenance and Storage Facility Code 

- This code applies to the portions of a battery electric and hybrid vehicle maintenance, depot, and support 

facilities where vehicles are charged, stored, maintained, repaired and areas and systems ancillary 

thereto.  If a vehicle being maintained has multiple fuels and one of the fuels is compressed hydrogen 

gas, then the requirements of B401.3 Code would apply. 

- The purpose of this code is to provide reasonable means to manage the risks associated with the 

maintenance, repair, and storage of battery electric and hybrid vehicles. 

Appendix A-2: Inventory of vehicle related codes and 
standards 

SAE J2464 (2021) – Electric and Hybrid Electric Vehicle Rechargeable Energy Storage System 

(RESS) Safety and Abuse Testing 

• Recommended practice intended as a guide toward standard practice and is subject to change to keep 

pace with experience and technical advances.  

• Describes a body of tests which may be used as needed for abuse testing of electric or hybrid electric 

vehicle rechargeable energy storage systems (RESS) to determine the response of such electrical 

energy storage and control systems to conditions or events which are beyond their normal operating 

range. This document does not establish pass/fail criteria. 

• Abuse test procedures intended to cover a broad range of vehicle applications as well as a broad range 

of electrical energy storage devices, including individual RESS cells (batteries or capacitors), modules, 

and packs. 

• RESS includes any type of rechargeable electrical energy storage device, such as batteries and 

capacitors. 

• Does not apply to RESS that uses mechanical devices to store energy (e.g., electro-mechanical 

flywheels) or fuel cells.  

SAE J3125 (2022) – Technical Information Report for Integration of Battery Pack Systems in Bus 

Electrification 

• Under Development 
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• Information report specific to integration of rechargeable energy storage systems (RESS) into 

electrification of buses of all types which comprehends safety, performance, life, etc., utilizing worldwide 

standards and regulations as references in order to maximize existing work. 

• Applies to both purpose-built electric buses and retrofit electrified buses at an original equipment 

manufacturer (OEM). 

• This document does not comprehend retrofitting of buses outside the OEM manufacturing environment. 

SAE J2929 (2011) - Electric and Hybrid Vehicle Propulsion Battery System Safety Standard - Lithium-

based Rechargeable Cells 

• Standard that defines a minimum set of acceptable safety criteria for a lithium-based rechargeable 

battery system to be considered for use in a vehicle propulsion application as an energy storage system 

connected to a high voltage power train. While the objective is a safe battery system when installed into 

a vehicle application, this Standard is primarily focused, wherever possible, on conditions which can be 

evaluated utilizing the battery system alone. 

• Minimum set of criteria, but it is recognized that battery system and vehicle manufacturers may have 

additional requirements for cells, modules, packs and systems in order to assure a safe battery system 

for a given application. 

• A battery system is a completely functional energy storage system consisting of the pack(s) and 

necessary ancillary subsystems for physical support and enclosure, thermal management, and 

electronic control.  

SAE J1766 (2014) - Recommended Practice for Electric, Fuel Cell and Hybrid Electric Vehicle 

Crash Integrity Testing 

• Electric, Fuel Cell and Hybrid vehicles may contain many types of high voltage systems. Adequate 

barriers between occupants and the high voltage systems are necessary to provide protection from 

potentially harmful electric current and materials within the high voltage system that can cause injury to 

occupants of the vehicle during and after a crash. 

• Recommended practice applicable to Electric, Fuel Cell and Hybrid vehicle designs that are comprised 

of at least one vehicle propulsion voltage bus with a nominal operating voltage greater than 60 and less 

than 1,500 VDC, or greater than 30 and less than 1,000 VAC.  

• Addresses post-crash electrical safety, retention of electrical propulsion components and electrolyte 

spillage.  

SAE J2910 (2014) - Recommended Practice for the Design and Test of Hybrid Electric and Electric 

Trucks and Buses for Electrical Safety 

• Covers the aspects of the design and test of Class 4 through 8 electric and hybrid-electric trucks and 

buses for electrical safety. 

• Intended to address the safety concerns of electrical systems in commercial vehicles that employ 

voltages greater than 60 VDC or 30 VAC RMS. IEC 62660-1 (2018) - Secondary lithium-ion cells for the 

propulsion of electric road vehicles - Part 1: Performance testing 

• Specifies performance and life testing of secondary lithium-ion cells used for propulsion of electric 

vehicles including battery electric vehicles (BEV) and hybrid electric vehicles (HEV). 

• Specifies the test procedures to obtain the essential characteristics of lithium-ion cells for vehicle 

propulsion applications regarding capacity, power density, energy density, storage life and cycle life. 
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• Provides the standard test procedures and conditions for testing basic performance characteristics of 

lithium-ion cells for vehicle propulsion applications, which are indispensable for securing a basic level of 

performance and obtaining essential data on cells for various designs of battery systems and battery 

packs.  

IEC 62660-2 (2018) - Secondary Lithium-ion Cells for the Propulsion of Electric Road Vehicles - 

Part 2: Reliability and Abuse Testing 

• Specifies test procedures to observe the reliability and abuse behaviour of secondary lithium-ion cells 

and cell blocks used for propulsion of electric vehicles including battery electric vehicles (BEV) and 

hybrid electric vehicles (HEV). 

• Specifies the standard test procedures and conditions for basic characteristics of lithium-ion cells for use 

in propulsion of battery and hybrid electric vehicles. The tests are indispensable for obtaining essential 

data on reliability and abuse behaviour of lithium-ion cells for use in various designs of battery systems 

and battery packs. 

• Provides standard classification of description of test results to be used for the design of battery systems 

or battery packs.  

IEC 62660-3 (2022) - Secondary Lithium-ion Cells for the Propulsion of Electric Road Vehicles - 

Part 3: Safety Requirements 

• Specifies test procedures and acceptance criteria for safety performance of secondary lithium-ion cells 

and cell blocks used for propulsion of electric vehicles (EV) including battery electric vehicles (BEV) and 

hybrid electric vehicles (HEV). 

• Determines the basic safety performance of cells used in a battery pack and system under intended use 

and reasonably foreseeable misuse or incident, during the normal operation of the EV. The safety 

requirements of the cell in this document are based on the premise that the cells are properly used in a 

battery pack and system within the limits for voltage, current and temperature as specified by the cell 

manufacturer (cell operating region).  

IEC 62133-2 (2017) - Safety requirements for portable sealed secondary cells, and for batteries 

made from them, for use in portable applications - Part 2: Lithium systems 

• Specifies requirements and tests for the safe operation of portable sealed secondary lithium cells and 

batteries containing non-acid electrolyte, under intended use and reasonably foreseeable misuse. 

ISO 12405-4 (2018) - Electrically propelled road vehicles — Test specification for lithium-ion 

traction battery packs and systems - Part 4: Performance testing 

• Specifies test procedures for the basic characteristics of performance, reliability and electrical 

functionality for the battery packs and systems for either high-power or high-energy application. Unless 

otherwise stated, the test applies to both applications. 

• Typical applications for high-power battery packs and systems are hybrid electric vehicles (HEVs) and 

some type of fuel cell vehicles (FCVs). 

• Typical applications for high-energy battery packs and systems are battery electric vehicles (BEVs), 

plug-in hybrid electric vehicles (PHEVs) and some type of fuel cell vehicles (FCVs). 

• Testing on cell level is specified in IEC 62660 series.  

ISO 6469-1 (2019) - Electrically propelled road vehicles — Safety specifications - Part 1: 

Rechargeable energy storage system (RESS) 
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• Specifies safety requirements for rechargeable energy storage systems (RESS) of electrically propelled 

road vehicles for the protection of persons. 

• It does not provide the comprehensive safety information for the manufacturing, maintenance and repair 

personnel. 

• Requirements for motorcycles and mopeds are specified in ISO 13063 and ISO 18243. 

• Additional safety requirements can apply for RESS that can be recharged by means different from 

supplying electric energy (e.g. redox flow battery).  

ISO 6469-3 (2021) - Electrically propelled road vehicles — Safety specifications - Part 3: Electrical 

safety 

• Specifies electrical safety requirements for voltage class B electric circuits of electric propulsion systems 

and conductively connected auxiliary electric systems of electrically propelled road vehicles. 

• Specifies electrical safety requirements for protection of persons against electric shock and thermal 

incidents. 

• Does not provide comprehensive safety information for manufacturing, maintenance and repair 

personnel. 

• Electrical safety requirements for post-crash are described in ISO 6469-4. 

• Electrical safety requirements for conductive connections of electrically propelled road vehicles to an 

external electric power supply are described in ISO 17409. 

• Specific electrical safety requirements for magnetic field wireless power transfer between an external 

electric power supply and an electrically propelled vehicle are described in ISO 19363. 

• Electrical safety requirements for motorcycles and mopeds are described in the ISO 13063 series.  

ISO 6469-4 (2015) - Electrically propelled road vehicles — Safety specifications - Part 4: Post crash 

electrical safety 

• Specifies safety requirements for the electric propulsion systems and conductively connected auxiliary 

electric systems of electrically propelled road vehicles for the protection of persons inside and outside 

the vehicle. 

• Specifies electrical safety requirements for vehicle post-crash conditions. 

• Applies to electrically propelled road vehicles with voltage class B electric circuits. 

• Does not apply to motorcycles and mopeds. 

• Does not specify any crash test procedure. The safety requirements of this part of ISO 6469-4:2015 

apply to applicable vehicles in accordance with published crash test procedures of each country or 

region. Applicable vehicles are those vehicles which are explicitly specified in these crash test 

procedures. 

• Does not provide comprehensive safety information for first responders, emergency services, 

maintenance, and repair personnel. 

ISO 17409 (2020) - Electrically propelled road vehicles — Conductive power transfer — Safety 

requirements 
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• Specifies electric safety requirements for conductive connection of electrically propelled road vehicles 

to external electric circuits. External electric circuits include external electric power supplies and external 

electric loads. This document provides requirements for the charging modes as defined in IEC 61851-1, 

and reverse power transfer. 

• Provides requirements regarding the connection to an isolated DC EV charging station according to IEC 

61851-23. 

• Applies to the on-board sections of vehicle power supply circuits. It applies also to dedicated power 

supply control functions used for the connection of the vehicle to an external electric circuit. 

• Does not provide comprehensive safety information for manufacturing, maintenance and repair 

personnel. 

• Provides general electrical safety requirements for electrically propelled road vehicles.  

ISO 17840-4 (2022) - Road vehicles — Information for first and second responders - Part 4: 

Propulsion energy identification 

• Defines the labels and related colours for indication of the fuel and/or energy used for propulsion of a 

road vehicle, especially for the case of new vehicle technology and/or power sources, including hybrid 

drive lines. 

• Communication of propulsion energy and related hazards is made in a logical and modular way to 

facilitate the understanding. 

• Applicable to passenger cars, buses, coaches, light and heavy commercial vehicles according to ISO 

3833. 

• Does not cover fuels being part of truck cargo. 

• The usage of the label includes, but is not limited to, the rescue sheet (ISO 17840-1 and ISO 17840-

2[1]) and the emergency response guide (ISO 17840-3[2]).  

ISO 26262 (2018) - Road Vehicles - Functional Safety 

• Standard related to the safety of electrical and electronic systems within a car and addresses possible 

hazards caused by malfunctioning behavior of safety-related systems, including interaction of these 

systems. ISO 26262 is a derivative of IEC 61508. 

• Includes guidance for appropriate requirements and processes for functionalities such as driver 

assistance, propulsion, in vehicle dynamics control and active and passive safety systems 

• System safety is achieved through a number of safety measures, which are implemented in a variety of 

technologies (e.g. mechanical, hydraulic, pneumatic, electrical, electronic, programmable electronic) 

and applied at the various levels of the development process. Although ISO 26262 is concerned with 

functional safety of E/E systems, it provides a framework within which safety-related systems based on 

other technologies can be considered. 

• Provides an automotive safety lifecycle (management, development, production, operation, service, 

decommissioning) and supports tailoring the necessary activities during these lifecycle phases. 

• Provides an automotive-specific risk-based approach to determine integrity levels [Automotive Safety 

Integrity Levels (ASIL)]. 

• Uses ASILs to specify applicable requirements of ISO 26262 so as to avoid unreasonable residual risk. 
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• Provides requirements for validation and confirmation measures to ensure a sufficient and acceptable 

level of safety being achieved. 

• Provides requirements for relations with suppliers. 

• Functional safety is influenced by the development process (including such activities as requirements 

specification, design, implementation, integration, verification, validation and configuration), the 

production and service processes and by the management processes. 

• Addresses the safety-related aspects of development activities and work products.  

UL 2580 (2022) – Batteries for Use in Electric Vehicles 

• Requirements covering electrical energy storage assemblies such as battery packs and combination 

battery pack-electrochemical capacitor assemblies and the subassembly/modules that make up these 

assemblies for use in electric-powered vehicles as defined in this standard. 

• Evaluates the electrical energy storage assembly’s ability to safely withstand simulated abuse conditions 

and prevents any exposure of persons to hazards as a result of the abuse. 

• Evaluates the electric energy storage assembly and modules based upon the manufacturer’s specified 

charge and discharge parameters at specified temperatures. 

• Does not evaluate the assembly's interaction with other control systems within the vehicle. 

• Does not evaluate the performance or reliability of these devices. 

• Does not include requirements for the evaluation of batteries for light electric vehicles such as electrical 

assist bicycles, wheel chairs, electric scooters and similar devices as defined in the Outline of 

Investigation for Batteries for Light Electric Vehicles, Subject 2271.  

UL 9540A (2025) - Test Method for Evaluating Thermal Runaway Fire Propagation in Battery 

Energy Storage Systems 

• Test method referenced within UL 9540, the Standard for Energy Storage Systems and Equipment, the 

American and Canadian National Standard for Safety for Energy Storage Systems and Equipment, the 

International Code Council (ICC) International Fire Code (IFC), National Fire Protection Association 

NFPA 855, Standard for the Installation of Stationary Energy Storage Systems, as well as a wide variety 

of local, state and international building and fire codes. 

• Included a series of progressively larger fire tests, beginning at the cell level and progressing to the 

module level, unit level, and finally the installation level. Each test generated specific data used to 

evaluate thermal runaway characteristics and fire propagation without specific pass/fail test criteria. 

Instead, the complete data package was provided to code authorities so they could evaluate the 

suitability of a BESS installation. 

• Addresses the safety concerns identified by the building codes and the fire service in the United States. 

One of the primary concerns that NFPA 855 (and the fire codes) tries to address is the potential fire and 

explosion hazards associated with a battery system, such as an uninterrupted power supply (UPS) or 

battery energy storage system (BESS). The codes specify very stringent limits for energy capacity and 

separation distances to control this hazard. For example, the current ICC International Fire Code (2021 

IFC) allows an individual BESS unit not to exceed 50 kWh and to have a maximum quantity of systems 

totaling 600 kWh of energy per indoor fire area (battery room) or outdoor, near exposures. It also limits 

individual residential systems from exceeding 20kWh and having a maximum quantity of up to 80 kWh. 

These BESS units must be installed with a three-foot (one meter) separation distance between units and 

between units and any wall. The latest IFC and NFPA 855 editions allow the code authority to approve 
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larger individual BESS units and separation distances of less than three feet based on large-scale fire 

testing conducted per the UL 9540A Test Method. 

• Addresses BESS installation instructions. 

• Addresses installation ventilation requirements. 

• Addresses effectiveness of fire protection (integral or external). 

• Addresses fire service strategy and tactics.  

UL 2202 (2022) - DC Charging Equipment for Electric Vehicles 

• Requirements covering conductive charging system equipment intended to be supplied by a branch 

circuit of 600 volts or less for recharging the storage batteries in over-the-road electric vehicles (EV). 

The equipment includes off-board and on-board chargers. Off-board equipment may be considered for 

indoor use only or indoor/outdoor use. On board equipment is always considered outdoor use. Off board 

equipment is intended to be installed in accordance with the National Electrical Code, NFPA 70. 

• Covers electric vehicles, hybrid electric vehicles, and plug-in versions of these vehicles. 

• Electric vehicle charging system equipment that is not a complete assembly and depends upon 

installation in an end product for compliance with the requirements in this standard is investigated under 

the requirements of this standard and the standard for the end product. On board chargers that rely upon 

specific installation requirements within an EV for compliance with the requirements in this standard, are 

to be evaluated based on those installation requirements and equipment. 

• Does not cover battery chargers covered by the Standard for Battery Chargers for Charging Engine-

Starter Batteries, UL 1236, or the Standard for Industrial Battery Chargers, UL 1564. 

• Requirements for devices or systems intended to reduce the risk of electric shock to the user in grounded 

or isolated circuits for charging electric vehicles are covered in the Standard for Personnel Protection 

Systems for Electric Vehicle (EV) Supply Circuits; Part 1: General Requirements, UL 2231-1, and the 

Standard for Personnel Protection Systems for Electric Vehicle (EV) Supply Circuits; Part 2: Particular 

Requirements for Protective Devices for Use in Charging Systems, UL 2231-2.  

UL 2231-1 (2021) - Personnel Protection Systems for Electric Vehicle (EV) Supply Circuits; Part 1: 

General Requirements 

• Covers control circuits that are not complete products but are circuit boards to be fitted into an EV 

charging station for evaluation to UL 2594. 

• Requirements covering devices and systems intended for use in accordance with the National Electrical 

Code (NEC), ANSI/NFPA 70, Article 625, to reduce the risk of electric shock to the user from accessible 

parts, in grounded or isolated circuits for charging electric vehicles. These circuits are external to or on-

board the vehicle.  

UL 2231-2 (2020) - Personnel Protection Systems for Electric Vehicle (EV) Supply Circuits: 

Particular Requirements for Protection Devices for Use in Charging Systems 

• Aims to reduce the risk of electric shock to users from accessible parts in grounded or isolated circuits 

for charging electric vehicles, both external to and on-board the vehicle. 

• Intended to be read together with the Standard for Personnel Protection Systems for Electric Vehicle 

(EV) Supply Circuits: General Requirements, UL 2231-1. The requirements of UL 2231-1 apply unless 

modified by this standard. This Part contains the construction and performance requirements that are 

applied to a device that is intended to become an integral part of an overall device or charging system.  
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ECE R100 (2022) - Uniform provisions concerning the approval of vehicles with regard to specific 

requirements for the electric power train 

• Addresses the safety requirements specific to the electric powertrain of road vehicles, including 

rechargeable battery systems. 

• Specifies various tests that manufacturers of rechargeable battery systems must conduct to ensure 

safety standards are met. These tests include abusive and safety tests to reproduce the constraints of 

vehicle use, such as vibrations, impacts, thermal constraints, and fire scenarios. 

• imposes additional tests on manufacturers of rechargeable energy storage systems (RESSs) designed 

for use in motor vehicles. It requires maintaining a minimum duration of 5 minutes between the initiation 

of a battery thermal runaway and the appearance of the first flames or smoke. 

• Crucial for the approval of electric road vehicles and ensure the safety of lithium batteries used in these 

vehicles.  

ECE R107 (2020) - Uniform provisions concerning the approval of category M2 or M3 vehicles with 

regard to their general construction 

• Establishes uniform provisions for the approval of category M2 and M3 vehicles with regard to their 

general construction. These categories include buses and coaches, with M2 covering smaller vehicles 

carrying fewer passengers. 

• Focuses on ensuring the accessibility of buses, safety of wheelchair users in vehicles, proposing draft 

amendments to improve general safety measures. 

• Includes requirements for the approval process, including conformity of production and penalties for non-

compliance. 

ECE GTR20 (2018) - Global Technical Regulation on the Electric Vehicle Safety (EVS) 

• Specifies safety-related performance of electrically propelled road vehicles and their rechargeable 

electric energy storage systems. The purpose of this regulation is to avoid human harm that may occur 

from the electric power train. 

• Applies to vehicles of Category 1 and Category 2 with a maximum design speed exceeding 25 km/h, 

equipped with electric power train containing high voltage bus, excluding vehicles permanently 

connected to the grid. 

• Does not apply to vehicles with four or more wheels whose unladen mass is not more than 350 kg, not 

including the mass of traction batteries, whose maximum design speed is not more than 45 km/h, and 

whose engine cylinder capacity and maximum continuous rated power in the case of hybrid electric 

vehicles do not exceed 50 cm3 for spark (positive) ignition engines and 4 kW for electric motors 

respectively; or whose maximum continuous rated power in the case of battery electric vehicles does 

not exceed 4 kW. 

• Does not cover vehicles with four or more wheels, whose unladen mass is not more than 450 kg (or 650 

kg for vehicles intended for carrying goods), not including the mass of traction batteries and whose 

maximum continuous rated power does not exceed 15 kW. 
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