
 
A Global Plan for a Decade of Action for Fire Safety 
 
By: Brian J. Meacham, Meacham Associates, USA 
 
Fire is a global hazard – it impacts all people, all cultures, all countries and all businesses. Increasing 
population, urbanization and densification, and the increase in wildland fire frequency and 
magnitude, portend significant future losses to societies, cultures, economies and the environment. 
Concerted, global action is needed to stem these impacts. A Global Plan for a Decade of Action for 
Fire Safety has been developed by the IFSS Coalition to facilitate and guide action to tackle the global 
fire challenge.[1]  
 
Magnitude of individual, economic and community impacts 
 
The human toll of fire is immense. Globally, each year more than 150,000 people die, and more than 
7,000,000 people sustain non-fatal injuries, from burns associated with fire and other sources.  This 
translates to a staggering global average of more than 400 deaths and 19,000 injuries from fire each 
day, which results in great physical, emotional, psychological and financial suffering to those directly 
impacted – as well as to society as a whole. A particular challenge is informal construction and 
settlements, which are often prone to rapid fire growth and spread, and which can displace 
thousands of people, even if casualties are low.  
 

  
Informal homes consumed by fire. ©Justin Sullivan (2018) 
 



The cost of fire in terms of impact to business and property is also massive. In the US alone, the 
National Fire Protection Association (NFPA) estimated the 2014 annual costs associated with direct 
property loss caused by fire at US$13.2bn and insurance costs at US$23bn. In addition, analysis of 
over 470,000 global insurance claims from 2013 to 2018 by the insurer Allianz revealed that fire and 
explosion incidents cause the largest claims for insurers and the businesses they cover, resulting in 
an excess of US$17bn worth of losses. Fires were also responsible for more than half (11) of the 20 
largest non-natural catastrophe events analysed.  
 
Accelerated by climate change-induced drought conditions, increasing temperatures, and increasing 
winds, the global wildland fire situation is stark. Globally, loss due to wildland fire is presently 
greater than at any time in the past. In 2016, the US National Institute of Standards and Technology 
(NIST) estimated the total annualised economic burden of wildland fire in the US alone to be 
between US$71bn and US$347bn. In 2020, the wildfires in the Western US were estimated at 
$16.5bn, and by the end of the 2019–2020 bushfire season in Australia, the estimated impacts were 
staggering: 18,983,588 hectares were burned, 3,113 houses and 33 lives were lost in 15,344, and 
damage was estimated to have had an A$20 billion impact on the economy. 
 
A Framework for the Decade of Action for Fire Safety 
 
To facilitate concerted, global activities aim at reducing fire threats and increasing fire safety, a 
framework for a Decade of Action for Fire Safety has been developed. The framework sets out a 
challenging but important goal, a set of 15 objectives to be achieved, and a set of actions that can be 
implemented at the local, national, regional and/or global level to increase fire safety.   
 
The goal of the Decade of Action for Fire Safety is to stabilise and then reduce the forecast level of 
fire fatalities, injuries, economic cost and environmental impact around the world by 2032 as global 
population increases. The 15 objectives including calls for education, training, healthcare and 
support resources for people, controls on high-risk construction products and building contents, 
increased government and private-sector management controls for building fire safety, enhancing 
firefighting resources and infrastructure, and facilitating sustainable and fire resilient communities, 
both urban and those within the wildland-urban interface.  
 
To help countries and jurisdictions meeting the objectives of the Plan, a set of more than 60 actions 
have been suggested that can be implemented and supported at one or more levels. The actions are 
grouped into five pillars of action: 
  

Pillar 1 Pillar 2 Pillar 3 Pillar 4 Pillar 5 

People Products Structures Infrastructure Communities 

     
 
Pillar 1 offers a set of actions that can be implemented to help individuals and groups (people) to: 
increase their understanding of fire, learn what they can do to reduce their exposure to fire and 
flames, reduce their vulnerability to unwanted fire if it occurs, gain access to emergency medical 
care in the case of burns, smoke inhalation an 



 
Pillar 2 presents a set of actions that can be implemented to help reduce fire hazards and risks 
associated with appliances, contents and building components (products). This set of actions is 
focused on identifying and reducing: the use of open flame devices and appliances for heating, 
cooking, and related functions, hazards associated with potentially unsafe electrical devices and 
appliances, and hazards associated with the improper use and installation of building contents, 
materials and assemblies (e.g., construction materials, wall linings, etc.). 
 
Pillar 3 presents a set of actions that can be implemented to help reduce fire hazards and risks 
associated with structures, including their planning, design and operation. This set of actions is 
focused on: building fire safety legislation and regulation, material, design, inspection and test 
standards, deployment of improved fire safety technologies for both passive and active fire safety, 
robust fire safety management schemes, adequately educated, qualified and certified professionals, 
and adequate resources for building and fire inspection and control. 
 
Pillar 4 presents a set of actions that can be implemented to help enhance firefighting infrastructure. 
This set of actions is focused on support for: the fire service, emergency medical response services, 
apparatus, and critical firefighting infrastructure, such as water supplies and distribution systems. 
 
Pillar 5 presents a set of actions that can be implemented to facilitate sustainable and fire resilient 
communities. This set of actions is largely focused on promoting the concept of integrating fire 
safety issues into planning and zoning of buildings and infrastructure in a sustainable and resilient 
manner, as well as addressing wildland-urban interface (WUI) fire threats.   
 
For each pillar of action, a small set of representative resources has been provided, to illustrate the 
numerous resources already exist to help governments, non-governmental organisations, and the 
provide sector begin to tack action to meet the stated objectives. It is envisioned that progress 
towards achievement of the Decade of Action for Fire Safety goals and objectives will be monitored 
through tracking of indicators and milestones linked to the Decade of Action, and mid-term and end-
term evaluation of the Decade of Action. Some potential indicators that can be captured to monitor 
process and evaluate outcomes are presented in the Annexes. 
 
Summary 
 
A Global Plan for a Decade of Action for Fire Safety has been proposed by the IFSS Coalition. The 
guiding principles underlying the Plan are those included in a sustainable and fire resilient approach 
for society, buildings, infrastructure and communities. It reflects a socio-technical systems approach 
that considers people, technologies, institutions and their interactions, and is therefore able to 
accommodate:  
 



• the complexities of human behaviour and vulnerabilities  
• technical opportunities in fire risk mitigation  
• impacts of technology failure in the causes of fire and  
• the building and fire regulatory system and the support infrastructure that is in place.  

 
The goal of the Global Plan for a Decade of Action for Fire Safety is to stabilise and then reduce the 
forecast level of fire fatalities, injuries, economic cost and environmental impact around the world 
by 2032, even as we see an increase in global population over this period. A Decade of Action for 
Fire Safety would provide a timeframe for action to encourage political and resource commitments 
to fire safety both globally and nationally. Donors could use the Decade of Action for Fire Safety as a 
stimulus to integrating fire safety into their assistance programmes. Low-income and middle-income 
countries can use it to accelerate the adoption of sustainable and cost-effective fire safety 
programmes and standards. High-income countries can use it to make progress in improving their 
fire safety performance as well as a platform to share their experiences and knowledge with others. 
 
Acknowledgements  
 
The Global Plan for a Decade of Action for Fire Safety was drafted by Brian Meacham, with 
significant input from Gary Strong from RICS, and contributions from IFSS Coalition Standards Setting 
Committee members Daniel Joyeux, Birgitte Messerschmidt, and Dwayne Sloane. Helpful comments 
were also received from numerous IFSS Coalition representatives during the review period. The 
contributions and helpful input from all participants is graciously acknowledged.  

References 
 
[1] Meacham, B.J., A Global Plan for a Decade of Action for Fire Safety, published by the 

International Fire Safety Standards Coalition (IFSSC), https://ifss-coalition.org/, available for 
free download at https://www.rics.org/globalassets/rics-website/media/knowledge/decade-
of-action-for-fire-safety_oct2021.pdf   

 

https://ifss-coalition.org/
https://www.rics.org/globalassets/rics-website/media/knowledge/decade-of-action-for-fire-safety_oct2021.pdf
https://www.rics.org/globalassets/rics-website/media/knowledge/decade-of-action-for-fire-safety_oct2021.pdf


 
Fire Safety in the United States since 1980 

By Marty Ahrens & Birgitte Messerschmidt, NFPA, USA 

This article is a compressed version of a NFPA Research Report1.   

Introduction 

While we are currently seeing fewer fires in the US than in past decades, statistically, if a fire is reported 
in your home, you are more likely to die today than you were 40 years ago. Occupants might have fewer 
than three minutes to escape after a fire starts. Every 24 seconds, a US fire department responds to a 
fire somewhere in the country. Nationwide, a civilian died in a fire every 3 hours and 10 minutes and a 
home fire injury occurred every 43 minutes2. So, even though we have made considerable progress, we 
still have work to do.  

Home Structure Fires 

Despite notable decreases in reported home structure fires since 1980, homes have consistently 
accounted for the largest share of the reported structure fires and the majority of all the reported 
civilian fire deaths and injuries. Considerable progress has been made in reducing home fires and the 
associated losses despite the comparative plateaus in recent years. The 2018 estimates of reported 
home fires, home fire deaths, and home fire injuries are roughly half of the 1980 estimates. Progress in 
reducing the toll of home fires is even greater when you consider the increase in population. Population-
based rates for home fires, home fire deaths, and home fire injuries were three-fifths to two-thirds 
lower in 2018 than in 1980, while per capita home fire dollar loss was roughly one-third lower. 

The biggest success story, especially in relation to home fires, is the increasing presence of smoke 
alarms. The combination of an engineered solution enforced by codes and standards and supported by 
public education has been effective in bringing down the number of reported fires and fire deaths. 

 

 
1 Marty Ahrens & Birgitte Messerschmidt; Fire Safety in the United States since 1980, through the lens of the NFPA 
Fire & Life Safety Ecosystem; NFPA 2021 
2 Marty Ahrens and Ben Evarts. Fire Loss in the United States During 2019. Quincy, MA: NFPA, 2020. 



Figure 1. Reported home structure fires and losses: Population-based rates by year: 1980–2018 

 

Although reported home fires and home fire deaths have been cut roughly in half since 1980 and 
population-based home fire and fire death rates have fallen by roughly two-thirds, the death rate per 
1,000 reported home fires has remained fairly consistent as shown in Figure 2.  

Figure 2. Deaths per 1,000 reported home fires by year and occupancy 

 

 

This was driven by an even more pronounced increase in the death rate in one- or two-family home 
fires. It appears that most of the reduction in fire deaths and death rate per capita over the past decades 
has been due to a reduction in fires or reported fires rather than the prevention of harm after a fire is 
reported. 

The risk of fire death per 1,000 reported home fires steadily declines as the levels of fire protection 
increase. Figure 3 shows that the death rate is lowest in homes with fire sprinklers and hardwired smoke 
alarms. These rates are based on the presence of fire sprinklers and hardwired smoke alarms in reported 
fires only. 



 

 

 

The impact of codes and standards is reflected in the difference in death rate per 1,000 reported fires in 
1- and 2-family homes compared to apartment buildings. Occupants of high-rise buildings are more 
likely to be vulnerable to fire due to poverty and/or age, yet the death rate per 1,000 fires in high-rise 
buildings has dropped from 6.0 from 1985 to 1989 to 3.4 in 2014 to 2018. In apartment buildings 
overall, the death rate per 1,000 fires has decreased from 7.1 in 1980 to 4.2 in 2018. For 1- and 2-family 
homes, the death rate per 1,000 fires has increased from 7.1 in 1980 to 8.5 in 2018. It should be kept in 
mind that monitored alarm systems, which are present in some apartment buildings but rarely in 1- and 
2-family homes, can cause more minor fires to be reported in those buildings and, therefore, could 
potentially skew the death rate per 1,000 fires to a lower number for apartment buildings. However, the 
difference in the fire death rate between apartment buildings and 1- and 2-family homes is so significant 
that it also speaks to the positive impact of fire protection measures as apartment buildings and, in 
particular, high-rise buildings have stricter code requirements related to compartmentation and 
sprinklers.  

Causes of Home Structure Fires 

Cooking is a much larger part of the fire and fire death problem today than in the past.3 The share of 
electrical distribution and lighting fire deaths has also increased. Heating fires have fallen sharply, but 
little change has been seen in the share of heating fire deaths. The percentage of fires started by 
smoking materials has been cut in half. The decrease in the smoking material share of home fire deaths 
is substantial but smaller than the fire decline. Smoking remains the leading cause of home fire deaths 
nationally in five-year averages.  

 
3 Marty Ahrens. Home Structure Fires, Quincy, MA: NFPA, 2020. 
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Figure 3. Average fire death rate per 1,000 reported home structure fires 
by presence of smoke alarms and automatic extinguishing systems (AES):

2014–2018



Figure 4. Percentage of home fires and fire deaths by fire cause: 1980 and 2018 

 

Furniture is playing an increasing role in our fire experience. From 2014 to 2018 the death rates per 
1,000 fires were higher for fires that began with upholstered furniture and mattresses or bedding than 
for living rooms and bedrooms, indicating that these items were major factors in fires beginning in these 
rooms. These are relatively low-frequency, high-consequence fires. 

 

 

 

Product standards (voluntary and mandatory) play an important role in fire safety. The impact of a 
voluntary standard is evidenced by the introduction of candle fire safety standards. A dramatic increase 
in candle sales in the 1990s was accompanied by a corresponding increase in candle fires. Instead of 
issuing mandatory requirements, CPSC requested that ASTM develop candle fire safety standards. These 
standards contributed to a marked decrease in these fires. 

Victims of home structure fires 
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In 1980, two age groups, children under five and people 65 or older, each accounted for almost one-fifth 
of the home fire deaths. The percentage of older adult fire deaths was almost twice as high in 2018, 
while the percentage of preschool-age fire deaths was only one-third as high. Several factors contribute 
to older adult fire death toll, including the increasing age of the population overall, older adults 
increasingly living alone, the increase in disabilities with age, and the tendency for older adults to live in 

older homes. 

 

Catastrophic fires 

Looking at the data for catastrophic US fires with 10 or more deaths, the data shows that these types of 
fires have become rare in buildings such as hospitals, nursing homes, hotels, and schools. These types of 
buildings typically have stricter code requirements in particular related to the installation of sprinklers.  
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A lack of code compliance is a common thread in the catastrophic events in nightclubs and other 
assemblies. The low priority of an investment in safety is also often mentioned in relation to these 
events, specifically where sprinklers have not been installed.  

The lack of investment in fire safety is not only an issue in big catastrophic fires. Examples of not 
investing in safety in homes are not installing or maintaining smoke alarms; using inexpensive, unskilled 
labor to work on electrical systems or heating systems; and not installing home fire sprinklers in new 1- 
and 2-family homes. Older homes tend to have older wiring that might not be adequate for today’s 
needs. In today’s do-it-yourself world, untrained people often feel comfortable tackling electrical and 
heating work.  

Wildfires are becoming the dominant type of fires causing catastrophic multiple-death events, as well as 
large losses. While we have been successful in reducing the urban fire problem, we have yet to take the 
steps needed to prevent wildfires from becoming conflagrations when impacting communities in the 
WUI.  

Conclusion 

The data tells an overall story of success when it comes to lowering the number of fires and fire deaths. 
The biggest single factor contributing to that success has been the use of smoke alarms, as mandated by 
the codes, as well as continued public education about their significance. Other successes include the 
impact of stricter code requirements in apartment buildings and, in particular, high-rise buildings. The 
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introduction of hardwired smoke alarms and sprinklers in these buildings has helped reduce the death 
rate per 1,000 fires significantly compared to the death rate in 1- and 2-family homes.  

Product safety standards also play a significant role in reducing the fire problem. The introduction of the 
CPSC’s safety standards for lighters was immediately followed by a decrease in fire deaths in young 
children. Concerns about flame retardants used to reduce furniture flammability have shown the 
importance of thinking about safety holistically to avoid other concerns.  

Our work is far from done and, in some areas, it has only just begun. While we can enjoy the successes 
of safety measures implemented in the last 40 years, there are both long-term and new challenges that 
we need to deal with, such as the following: 

• With more home cooking fires and cooking fire deaths in recent years than in the early 1980s, it 
is clear that more work in this area is needed.  

• With roughly one of every three fatal home fire victims being 65 or older, research is needed on 
how to protect our most vulnerable citizens.  

• Studies are needed to assess the impact of new technology for smoke alarms on unwanted 
alarms and both reported and unreported fires. 

• The impact of wildfire on communities must be tackled using all the cogs of the NFPA Fire & Life 
Safety Ecosystem. 

• A holistic approach to fire safety and energy efficiency is needed to ensure that new products 
and technologies developed to mitigate challenges such as climate change and energy 
use/supply do not cause unintended fire risk.  

• To prevent consumer electronics using new technology from becoming fire hazards, product 
standards need to be developed/updated and consumers educated on potential risks. 

• Efforts to educate the public about how to protect themselves from fire must be expanded to 
reduce fatalities and increase life safety. 
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National Research Council of Canada releases first National Guide for Wildland-
Urban Interface Fires 

By: Allison Mills and Noureddine Bénichou, Construction Research Centre, National Research Council of 
Canada  

When wildfires spread into the wildland-urban interface (WUI), an area where houses and other human 
developments meet or are mixed with wildland vegetation, the consequences can be extreme.  

In the last decade, WUI fires in Canada have resulted in the loss of over 2,400 structures, with an insured 
loss of C$4.5 billion (US$3.7 billion). The 2016 Horse River fire was the most expensive disaster in 
Canadian history. When the fire spread into Fort McMurray, Alberta, and neighbouring communities, it 
destroyed nearly 1,600 structures, resulting in an insured loss of C$3.8 billion (US$3.1 billion), and 
forced the evacuation of more than 80,000 people [1]. 

The threat posed by WUI fires is growing as urban areas expand into wildlands, rural areas increase in 
population, and wildfires become more frequent and severe due to climate change (see Canada’s 
Changing Climate Report for more information [2]). In the coming decades, the risk of WUI fires is 
expected to increase both in regions of Canada with a long history of wildfires and in those with no such 
history.  

Building wildfire resilience 

In 2016, the National Research Council of Canada (NRC) and Infrastructure Canada launched a five-year 
Climate-Resilient Buildings and Core Public Infrastructure (CRBCPI) initiative to integrate the 
consideration of climate resilience into building and infrastructure design, guides and codes.  

Given the increasing threat of WUI fires in Canada, improving the wildfire resilience of buildings and 
communities has been one of the initiative’s primary goals. At the outset, an NRC project team, led by 
Noureddine Bénichou, was formed to find the best path to achieving this goal. The team examined 
current practices and existing Canadian and international reference documents, and discovered a lack of 
national wildfire guidance for Canada’s WUI areas.  

Seeing the opportunity to fill this gap, the team assembled an international technical committee of 
experts from government, academia, industry and consultancy to drive the development of a national 

http://www.changingclimate.ca/CCCR2019
http://www.changingclimate.ca/CCCR2019
https://www.infrastructure.gc.ca/plan/crbcpi-irccipb-eng.html


guide, and established task groups to develop content. Once a draft guide was completed, the team 
invited stakeholders from different sectors to review and comment on its content. The team anticipated 
that this inclusive development process would lead to broad acceptance of the resulting guide. 

National Guide for Wildland-Urban Interface Fires 

The National Guide for Wildland-Urban Interface Fires (Figure 1), the first of its kind for Canada, is now 
available for free download from the NRC Publications Archive website [3].  

 

Drawing on recent wildfire research, existing codes, standards and guidelines, and new insights from 
international experts, the Guide provides comprehensive support for WUI areas across Canada, 
including recommendations on: 

• hazard and exposure assessment 
• vegetation management and construction measures 
• community planning and resources  
• emergency planning and outreach 

Hazard and exposure assessment 

The first step in applying the Guide is to carry out a hazard and exposure assessment, which allows users 
to identify the recommendations that will be most beneficial. 

In the Guide’s assessment method, the hazard level of a location is determined from a hazard map 
(Figure 2), provided by the Canadian Forest Service of Natural Resources Canada [4].  

Figure 1. National Guide for 
Wildland-Urban Interface Fires. 

https://doi.org/10.4224/40002647


 

The hazard level, which ranges from Nil–Very Low (Level 1) to High (Level 4), takes into account regional 
topography, potential fuel and weather conditions, wildfire ignitions, and the possibility of extreme fire 
behaviour. The Guide’s recommendations are intended for locations with a hazard level greater than 
Nil–Very Low (Level 1). 

To identify recommended building-scale measures, the local exposure level also needs to be 
determined. The Guide provides both simplified and detailed assessment methods, which are partially 
based on the FireSmart Wildfire Exposure Assessment [5]. The simplified method considers local fuel 
conditions and the potential for ember transport, radiant heat or direct flame contact. The detailed 
method further considers local topographic conditions, fuel percent cover, and hazard level.  

The exposure level, which ranges from Nil to High, indicates the potential for exposure to ignition 
sources if a high-intensity fire occurs nearby. The Guide’s building-scale measures are intended for 
buildings with an exposure level greater than Nil. 

Vegetation management and construction measures 

The exposure level is used to determine which of the vegetation management and construction 
measures outlined in the Guide are recommended for the WUI fire protection of a particular building.  

The vegetation management measures include recommendations for landscaping, fuel removal or 
reduction, firebreaks and setbacks. The construction measures include recommendations for exterior 
walls and cladding, roofs, foundation walls, supporting elements for raised or elevated buildings, doors 
and windows, and decks, balconies and porches. 

Figure 2. Historical wildfire hazard mapped from spatial burn 
probability outputs based on wildfire growth simulations driven 
by historical weather and wildfire locations. 

https://firesmartcanada.ca/wp-content/uploads/2019/10/FS_ExposureAssessment_Sept2018.pdf


To determine which construction measures are recommended, the building is assigned a construction 
class (CC), ranging from CC1(FR) to CC3, on the basis of its exposure level and the extent to which 
vegetation management is applied up to 100 metres (approximately 300 feet) from the building.  

If vegetation management extends further from the building, the construction class will be higher and 
the recommended construction measures will be less stringent. For example, without vegetation 
management, a building with a high exposure level would be assigned to construction class CC1(FR), and 
non-combustible external wall cladding would be recommended. With vegetation management 
extending 100 metres (approximately 300 feet) from the building, the same building would be assigned 
to construction class CC3, and exterior wall cladding with limited ignition resistance would be 
recommended.  

This means that, in many cases, the construction costs associated with WUI fire protection measures can 
be reduced by managing the vegetation surrounding the building. 

Community-scale guidance 

In addition to building-scale measures, the Guide provides community-scale recommendations on 
community planning and resources, as well as on emergency planning and outreach.  

To support community and resource planning in the WUI, the Guide sets out considerations and 
recommendations for demographic analysis, land use and development, access and egress routes, 
utilities, public transportation, and firefighting resources. The Guide also sets out considerations and 
recommendations for evacuation planning, emergency communications, public education, and outreach 
communications to support emergency planning and outreach in the WUI.  

This extensive guidance will enhance community protection from and resilience to WUI fires. 

Impact 

On the whole, the measures recommended in the Guide will help to minimize the impact of WUI fires by 
reducing their likelihood and severity, inhibiting their spread, and improving the effectiveness of 
community response.  

Users can currently choose to implement the Guide’s measures on a voluntary basis. The NRC project 
team will be working towards converting the Guide into a standardized document that could be adopted 
by communities, provinces or territories. 

The implementation of the Guide’s recommendations is expected to save lives, protect homes, 
businesses and communities, and reduce the long-term cost associated with human developments in 
the WUI. An impact analysis report prepared for the NRC by the Institute for Catastrophic Loss 
Reduction (ICLR) indicates that, by adopting the Guide across Canada, approximately $4 would be saved 
for every $1 spent on mitigation [6]. The potential cost savings are predicted to increase with climate 
change. 

According to the ICLR report [6], “Satisfying the National WUI Guide’s recommendations appears to 
offer benefits that greatly exceed its costs. The benefits come from avoiding future property and life-
safety losses.”  

https://doi.org/10.4224/40002649


The Guide is a valuable resource for anyone wanting to improve the wildfire resilience of buildings or 
communities in the WUI, including local governments and authorities, planners, emergency managers, 
developers, insurers, and property owners. With this resource, the WUI areas of Canada will be better 
able to adapt to the increasing frequency and severity of wildfires in the changing climate. 
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Carbon Monoxide Generation in Partially Suppressed Fires  
 
By: Nils Johansson, Lund University, Sweden 
 
Within the quarter of a century, numerous pieces of literature have been published noting the 
significant increase in carbon monoxide concentrations, the most fatal toxic by-product, when fires 
are partially suppressed through a water spray. In a master thesis presented at Lund University 
Haydn Lewis has studied the effect on carbon monoxide production in partly suppressed fires in 
small-scale experiments.  
 
Records of fire fatalities within the built environment show that the “dominant toxicant in fire 
deaths” is CO accounting for approximately two thirds of fire deaths. Within the field of fire safety 
engineering, the ventilation conditions have traditionally been used to determine the yields of toxic 
species with little, or no, consideration of the influence of suppression on fire chemistry and the 
resulting environmental conditions. Fire suppression systems, including both traditional sprinklers 
and mist systems, are increasingly prevalent as more complex buildings and infrastructure are 
constructed. 
 
The suppression of fire by water sprays is a complex physio-chemical process, involving several 
competing mechanisms, all of which have not yet been fully understood. For the purposes of the 
work presented here, extinguishment is defined as the ceasing of all combustion, suppression as the 
act of controlling combustion to a reduced the HRR and partial suppression as an inefficient 
application of suppression in which the fire continues to steadily burn (a shielded or high challenge 
event).  
 
The sizes, and relative discharge speeds, of the droplets within water sprays are key variables 
involved in weighting the potential influence of each mechanism to interact with the combustion 
process. A water spray consists of many millions of droplets having a distribution of different 
diameters (so-called polydisperse sprays). The diameters of droplets produced by mist suppression 
nozzles are an order of magnitude smaller than those produced via a sprinkler nozzle, and this 
enables water mist systems to interact directly with the flame reaction zone. The small droplets 
enable the water spray to remove large amounts of energy directly from the flame. This reduction in 
temperature results in a reduction in the effectiveness of the combustion. Further, the inert water 
vapor generated through evaporation of droplets within the reaction zone, displaces part of the 
oxygen required to oxidize the fuel. 
 



The aim of the conducted thesis was to contribute to the knowledge of fires subject to suppression 
by water. Specifically, the intent is to analyse the interaction of fine water droplets on the gas phase 
chemistry of fire, the interruption of the combustion chemical process and the resulting generation 
of CO. 
 
Previous work 
 
A literature review was undertaken to study the previous studies in the area and to get inspiration 
for the development of an experimental study. Many previous studies present an influence of 
characteristic water droplet size on CO concentration, with smaller droplets also being shown to 
result in higher increases in CO concentrations. In most of the reviewed studies a single characteristic 
diameter of droplet size, with no information regarding the distribution of droplet sizes present 
within each spray, was used. This limits the appropriateness of drawing comparisons between the 
data sets. Consequently, it was concluded that more work was needed to investigate how the shape 
of droplet distributions of these polydisperse sprays influence the results obtained. 
 
 
 
 
Experimental setup 
 
The experimental set-up was designed to focus on the effect of water droplet interaction on the gas 
phase chemistry of the fire. The setup was positioned under an oxygen consumption calorimetry 
extraction hood to capture and analyze the products of combustion. In addition, a water collection 
tray was utilized to quantify and compare the volume of water that did not vaporize within the flame 
(see Figure 1). 
  

 
Figure 1: Experimental setup. 

 

A key point of difference between this study and analogous studies studied was the perpendicular 
orientation of the nozzle compared to the flame (see Figure 1). This was done to focus the 
interaction of the droplets on the gas phase chemistry of the fire and prevent flare-up because of the 
vaporisation of water when interacting with the surface of the fuel.  
 



Twenty-four unique tests were undertaken within the study, which varied fuel type, nozzle type and 
water pressure. Heptane and propane were utilized as fuels within this study based on their well-
known degree of incomplete combustion within well-ventilated free-burn conditions, and to ensure 
that any changes to combustion during suppression were promoted. The heat release rates from the 
fires ranged from 40 to 70 kW. 
 
To decouple the effect of droplet size distribution and water flow rate effects on the CO production, 
two different nozzles with different spray properties were utilized in the study. The mist suppression 
sprays had droplets of volume median diameters of between 163 μm and 287 μm and water flow 
rates of 1.5 L/min and 3.5 L/min. For further information about the setup and the experimental tests 
conducted the reader is referred to the thesis report [1].  
 
Results 
 
The change in CO concentration due to partial suppression being initiated following a period of free 
burning, was measured. The results were average over the three repetitions undertaken for each set 
of variables. The results show a CO concentration increase of up to 250% when sprays containing the 
distribution of smallest droplet diameters and highest flow rates are applied to the largest fires 
considered within this study. Whereas the smallest recorded change in CO concentration was 14% 
for sprays containing the distribution of largest droplet diameters and lowest flow rates applied 
again to the largest fires considered within the study. 
 
Figure 2 provides an example of the variation in measured CO levels recorded for each of the three 
test repetitions for both a heptane and propane fire. The level of fluctuation in CO concentration, 
around the mean, is comparatively small during the baseline period compared to when the mist 
suppression system is active, when additional turbulence is introduced to the combustion process. 
 

 
Figure 2: Example variation in CO across the three test repetitions. Left (T1): 80 kW Heptane; Right (T13): 80 

kW Propane. 

 
Regarding reduction of heat release rate the results show that the measured heat release rate of the 
heptane fires experiences a slight decrease upon activation of the mist suppression, and then remain 
relatively stable. On the other hand, the heat release rates of the propane fires were much less 
influenced by the water mist, as the cooling effect of the droplets do not impact on the rate of 
release of combustible gases. 
 
Implications for fire safety engineering  
 
Whilst these experiments consist of several simplifications, it is considered that this study establishes 
a proof of concept that typical product yields that are frequently adopted fire safety engineering 



designs, may not be appropriate when fires are subject to mist suppression that does not provide a 
significant reduction to heat release rate. 
 
The results have shown that upon activation of the mist suppression, the volume fraction of CO 
within the fire environment significantly increases, by up to 250%. Fire safety engineering designs 
developed based on predicted toxicity dose taken up by egressing occupants, in which mist 
suppression systems are installed, are potentially significantly underestimating the levels of toxic 
exposure. However, it should be acknowledged that properly designed mist suppression systems are 
likely to significantly reduce the fire heat release rate, and in, turn limit the volume fraction of CO 
within the fire environment.  
 
The scope of this work is not broad enough to draw conclusions regarding an appropriate adjustment 
factor to apply to typical species product yields when partial suppression scenarios could be 
expected. However, the results indicate a need for closer examination of how water sprays influence 
toxic species production. Typical fire scenarios in which partial suppression could be anticipated 
include: 

• Shielded vehicular fire within a tunnel featuring a fixed firefighting system 
• Fires within a rack storage structure with ceiling mounted sprinkler heads. 

 
The master thesis work demonstrates that the commonly applied free burning CO yields have the 
potential to be significantly lower than the yields present in scenarios in which fires are partially 
suppressed. Therefore, until more expansive studies are undertaken, and knowledge of this 
phenomenon is developed, it is recommended that fire safety engineers consider whether it is 
appropriate to adopt a more conservative species yield in relevant scenarios. 
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Identifying Implicit Risk in the National Building Code of Canada 
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Abstract 

This paper was presented at the SFPE20 International PBD Conference and Expo in Auckland, New Zealand 
in March 2020. The paper proposes a framework to facilitate the identification of the risk (performance) 
implicit to acceptable solution requirements in the National Building Code of Canada (NBCC) and facilitate 
the transition of the NBCC from an objective- to a performance-based format. The framework is intended 
to provide the quantitative means to bridge the gap between existing prescriptive requirements and 
performance objectives. A basic example is provided to illustrate the application of the framework. 
Although the paper deals specifically with the Canadian regulatory environment, the principles described 
in the paper are applicable in other jurisdictions. 

Introduction 

This paper presents an approach to facilitate transitioning the National Building Code of Canada (NBCC) 
from objective- to performance-based. The NBCC was substantially updated in the 2005 edition to 
improve clarity of the fire and life safety requirements, reduce complexity and be more responsive to 
innovation. The updated ‘objective-based’ format was developed through a bottom-up analysis of the 
existing requirements to define high level, qualitative design objectives. Ten years following adoption of 
this objective-based format, the intended benefits have not been realized. Instead, industry has primarily 
continued to operate within the bounds of the previous, specification-based framework for design. 

Purpose for Building Regulations 

In simple terms, building regulations are developed to limit undesirable events from occurring, and their 
implementation often follows incidents of significant scale or impact that draw attention to specific 
building design issues. Investigation and analysis follow such events to establish the conditions that led to 
the incident (exposure/risk), and solutions are developed to limit the occurrence or impact of such events 
in the future. These solutions are based on contemporaneous knowledge, capability (primarily related to 
the fire service), materials and methods, which are distilled to a concise written regulatory format. 
Following this practice, regulations have historically been driven by a political decision-making process, 
primarily founded on experience with little scientific basis [1]. This was recognized as far back as the early 



1920’s following an investigation into the high cost and inactivity in building industries in the United States 
when it was stated [2]: 

The building codes of the country have not been developed upon scientific data, but rather on 
compromises; they are not uniform in principle and in many instances involve an additional cost of 
construction without assuring more useful or more durable buildings. 

The same challenge was described by the Head of the Building Standards Section of the National Research 
Council of Canada in the 1960’s relative to building codes in general [3]: 

In the broadest sense, building regulations develop from contingency to contingency. Each one 
represents an emergency measure taken with very little or no study. As the emergency recedes, the 
regulation tends to form part of traditional practice. It is added to the pile, which grows and grows. 

The cycle of code development therefore continues to follow response to the next incident or other 
impetus for change, so that the code incrementally advances. This presently happens with very little 
reconsideration of the cumulative risk factors embodied by the changes [1]. Over time, the changes 
become entrenched as accepted practice and recollection of the driving incidents and the specific risk 
context around the resulting modifications to the code diminish [4]. 

Accepted practice and requirements under the code are commonly expressed in a specification-based 
framework. Prescriptive specifications provide an explicit method by which to address and solve a 
problem, whereas performance-based specifications identify an end goal and allow any solution that 
achieves that goal. These two approaches are discussed in more detail below. It should be noted at this 
point though, that most building codes consist of primarily prescriptive, with only some performance-
based, specifications. 

Objective Based Format 

The Canadian Commission on Building and Fire Codes (CCBFC) began to study the feasibility of 
implementing performance-based codes in Canada in the early 1990’s [5,6]. Research by Oleszkiewicz [7] 
provided a brief history of the development of performance concepts and experience regarding their 
implementation in the UK, Australia and New Zealand. Oleszkiewicz suggested that a high-level tree of 
objectives be extracted (bottom-up analysis of the existing acceptable solutions [8]) from the existing 
requirements and organized into a hierarchical framework considered to be an “objective-based” format. 

The objective-based format would be focused on identifying high level objectives and linking those to the 
existing acceptable solutions. This format was envisaged as an intermediate step, “distinct” from a 
performance-based code [6], recognizing challenges other countries had faced transitioning from 
traditionally specification-based codes to a full performance-based framework [7]. While not completely 
performance-based, the objective-based framework was intended to: 

• provide clarity of intent of the existing acceptable solutions, thereby reducing the complexity of 
the code [8]; 

• facilitate the development and acceptance of innovative designs [6]; 

• facilitate the development of performance requirements [6], including the introduction of 
performance criteria and eventually lead to a ‘dual path’ framework such as that in the Nordic 
Committee on Building Regulations (NKB) [6]. 

The CCBFC, Standing Committees and associated Task Groups worked from 1995 to the early 2000’s to 
develop the proposed objective-based framework, which was eventually implemented in the 2005 edition 
of the NBCC [9]. It was structured into three main parts: objectives/functional statements, acceptable 
solutions, and administrative provisions. 



The objectives are entirely qualitative and are formulated to state what the code is intending to limit. The 
primary objectives are [10] safety, health, accessibility for persons with disabilities, and fire and structural 
protection of buildings. The objectives are correlated with functional statements, intended to [10] 
“describe the conditions in the building that help satisfy the objectives”. 

The acceptable solutions are the set of specification- and performance-based requirements from earlier 
(legacy) versions of the Code. These solutions were originally developed through a consensus process in 
Canada to address fire and life safety risks related to the design, construction and operation of buildings. 
The intent of application of the acceptable solutions is to limit those risks to a level considered acceptable 
to the general public. The NBCC uses the term ‘acceptable’, whereas others have used the term ‘tolerable’ 
[11] noting that society may not ‘accept’ the resulting level of risk, but instead ‘tolerates’ it. 

Compliance with the fire and life safety provisions of the NBCC can be achieved by complying directly with 
the acceptable solution requirements (Division B), or through an alternative solution with appropriate 
justification. In preparing an alternative solution, the NBCC requires that the applicable acceptable 
solution requirements and attributed objectives and functional statements be identified and used to 
establish the expected minimum level of performance [10], which is considered implicit in the application 
of the acceptable solution requirements. It is this level of performance that is required to be met by an 
alternative solution design in achieving compliance. However, compliance with such a requirement is 
complicated by the lack of information and guidance by which to establish the implicit performance of 
either the acceptable or an alternative solution, as will be discussed below. 

Challenge 

The current situation is largely an artifact of the expectation within the NBCC that an alternative solution 
must achieve the level of performance implicit in the existing acceptable solution requirements without 
explicitly stating any performance measurement methods or criteria. The text of the NBCC itself alludes 
to this lack of information by noting the following [1]: 

The objectives and functional statements are entirely qualitative…In many cases, [the quantitative 
performance targets] are not defined very precisely by the acceptable solutions - certainly far less 
precisely than would be the case with a true performance code, which would have quantitative 
performance targets and prescribed methods of performance measurement for all aspects of building 
performance. 

The importance of these performance targets has also been identified by others [7,12,13]. It is therefore 
incumbent upon the users of the NBCC to establish the fire and life safety performance targets, either 
directly or indirectly, to effectively demonstrate the acceptability of a performance-based approach 
(alternative solution). The lack of clarity associated with the necessary performance implied in the 
acceptable solution requirements can lead to misinterpretation and disagreement between stakeholders. 
Comparative methods have been developed to obviate the lack of clarity but have resulted in challenges 
associated with selection of representative metrics, methods of comparison and definitions of the levels 
of acceptable risk. 

The implicit performance and risk associated with the set of ‘acceptable solution’ requirements defined 
in the current NBCC have not been defined in quantitative, scientific terms. This lack of quantitative 
performance and risk measures has limited the development and acceptance of alternative solutions to 
only those solutions considered directly analogous (comparative) to the acceptable solutions. Thus, 
alternative approaches have shifted to relative assessments that compare the fire and life safety 
performance of alternative design solutions directly against that of acceptable reference design solutions 
based on common evaluation metrics such as design fire size or occupant walking speed. The validity of 
this approach relies on there being an appropriate match between the design under consideration, the 



reference design, and the evaluation metrics. In addition, development of acceptable solution 
requirements has been predicated upon certain factors, such as material type or configuration, which are 
then bounded due to the time period in which the acceptable solutions were developed. Innovative 
designs may employ new materials or configurations with characteristics that fall outside these bounds, 
resulting in either a real, or potentially perceived, unacceptable level of risk of injury and/or building 
damage in the event of fire. 

To exacerbate the above issue, the fire and life safety requirements embodied within the acceptable 
solutions were developed over a period of the last 80 years. Some requirements were adopted from 
earlier US- and UK-based model building codes dating back as far as the 1800’s. As such, the risk and 
performance implicit to these solutions have been time locked. They may not represent the likely 
magnitudes and consequences of present-day risks and also may not represent society’s expectation of 
performance/risk today. This can result in designs that expose society to an unacceptable level of risk in 
terms of fire and life safety or alternately to undue cost of protective features without corresponding 
benefit. 

With movement toward more sustainable practices and an increased pace of innovation, the need for 
greater flexibility in building design (i.e., type of construction, materials used, building size, etc.) has 
grown. However, departure from relatively standard principles of building construction is challenging 
within the current objective-based framework due to the breadth and complexity of the requirements 
associated with demonstrating that an innovative concept achieves the performance level implicit in the 
acceptable solution requirements. This complexity limits the ability to make directly comparative 
assessments between designs and often also precludes applying other means of demonstrating 
compliance, with the end result that it has significantly impacted sustainable practices and innovation in 
construction.  

Approach 



The proposed approach to address these challenges is to develop 
a framework for the assessment of the basis of the existing 
requirements (Figure 1). This will set the stage for re-examination 
of those requirements in a current context to develop new and 
well justified quantitative performance/risk measures and allow 
for the implementation of those measures in a structured 
performance-based framework. 

An understanding of the basis of the requirements provides a 
quantitative bridge between existing prescriptive requirements 
and performance objectives, which addresses some of the 
knowledge gaps that have limited the effective implementation of 
a performance-based framework for fire and life safety in building 
codes in Canada.  

The proposed framework is structured to facilitate the 
identification of the performance/risk factors currently implicit to 
the acceptable solution requirements in the NBCC based on a 
historical analysis of the development (re-development) of the 
acceptable solution requirements. The proposed methodology to 
achieve this, summarized in Figure 1, includes the following: 

• Identification of the Originating Risk Basis (R*): Analysis 
of the undesirable event(s) that initiated the development 
of the prescriptive requirements to provide a 
characterization of the risks/exposures from those 
undesirable event(s); 

• Identification of the Originating Risk Biases (M*): Analysis 
of the knowledge, capability, materials and methods 
available at the time when the acceptable solution was 
developed in relation to the explicit or implied key 
parameters assumed to limit or control the risk. This analysis will incorporate the influence of 
assumptions/design features that impacted development of the solution(s); 

• Estimation of the Originating Acceptable Risk/Implicit Performance Thresholds (RA*):  Analysis 
of the (acceptable) risk remaining upon application of the specifications and the corresponding 
performance expectations of the specifications; and 

• Identification of Simplifying Assumptions: Identification of the assumptions used to simplify the 
solutions from the previous step into concise specifications that have been included in the NBCC. 
This information facilitates the estimation of the originating risk bases, biases, acceptable risk 
(implicit performance) 

• Identify the Extent of Building Characteristics Applicability (B*): Identification of the 
characteristics that were key to the development of the acceptable solution requirements. 

The result of the analysis is the identification of the qualitative (quantitative where possible) performance 
criteria (acceptable risk) implicit in the requirements listed for acceptable solutions to limit fire spread.  

Identification of the qualitative performance criteria implicit in the requirements and factors key to the 
development of those criteria is the starting point for re-examination of the quantitative impact of the 
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Figure 1: Proposed framework. 



criteria in reducing the risk of fire spread. Since the NBCC is a societal instrument, quantification of the 
impact in reducing the risk will require normalization with risk levels considered acceptable by society 
today. Such re-examination, which is a recommended next step, will take account of currently available 
knowledge, capability, materials and methods to identify inconsistencies. 

Illustrative Example 

The 2015 NBCC requires that the occupant load of an office occupancy floor area be determined on the 
basis of 9.30 m2 per person [10]. The factor is a means to predict the occupant load by which appropriately 
designed egress facilities are provided, and the objective of its application is [10] “to limit the probability 
of overcrowding, which could lead to delayed egress during emergency evacuation, which could lead to 
harm to persons”. 

The factor of 9.30 m2 per person originates from the imperial unit version of 100 ft2/person (same factor 
in NFPA 101, “Life Safety Code”). This factor appeared in the first edition of the NBCC (1941 Edition [14]) 
and NFPA 101-T (1924 Tentative Edition [15]). Its origins are linked to health requirements from the late 
1800’s associated with passive ventilation where a desirable limit of space was 1000 cubic feet per 
occupant [16]. This limit was applied to floor areas with a typical ceiling height of 10 feet, resulting in 100 
ft2 per occupant. This factor was confirmed through statistical analyses of office occupancies in the early 
1900’s in many buildings which had been designed to the health requirements from the late 1800’s. The 
survey confirmed a maximum density of 100 ft2 per occupant (stockbroker firms). Therefore, the 
expectation at the time was that office buildings would have an occupant load corresponding with the 
health limits associated with passive ventilation. The application of the factor became import following 
the Triangle Shirtwaist Fire in New York in 1911, where an appropriate means of sizing egress facilities 
based on the number of building occupants was desired. 

The following can be established from the above abridged summary of the historical assessment of the 
origins of the occupant load factor for office occupancies: 

Undesirable Events:  life loss in numerous fires in the early 1900’s linked to inability to 
evacuate. 

R*:    Overcrowding relative to size of egress facilities. 

M*:   - Design egress facilities for office buildings based on a load corresponding 
to 100 ft2 per person of floor area taken from health requirements in place at that time. 

RA*:   - A correlation between number of occupants and egress facility sizing to 
allow for egress from buildings in a certain time as a function of building height (performance 
measure).  

A more detailed analysis would provide the full context associated with considerations such as building 
construction and understanding of fire growth and development at the time, etc., but detail has been 
limited in this example for purposes of brevity. 

The findings outlined above indicate that there is an opportunity to re-examine the occupant load factor 
for office occupancies based on more current methods for estimating loads consistent with factors 
corresponding with current building conditions since ventilation requirements and conditions have 
changed significantly in the last 100 years. 

Conclusions 

This paper has outlined a framework that can be applied to establish the basis of the acceptable solution 
requirements in the NBCC, and thereby provide a quantitative bridge between existing prescriptive 



requirements and performance objectives. Such an approach addresses some of the knowledge gaps that 
have limited the effective implementation of a performance-based framework for fire and life safety in 
building codes in Canada. The illustrative example demonstrates the application of the framework to 
identify the factors associated with current occupant load factor for office occupancies and provides basic 
information upon which the occupant load factor can be re-examined in a performance-based context. 
Although the framework has been applied to the NBCC, it can equally be applied to similar prescriptive 
solutions in other jurisdictions. 
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