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Environmental impact of fires 
An unintended fire in a large building can have a significant, negative impact on the environment. 
This is not only due to the release of toxic gases, particulate matter, and other products of 
combustion [1], but also due to potential impacts of responder fire service apparatus [2] and the 
potential for contaminated water run-off from fire suppression.  In addition, there is an 
environmental impact due to the replacement of the structure and/or the contents of the building 
after the event [3].  In most instances, fire protection measures in a building are installed to facilitate 
protection of life and property, either mandated by building codes or insurance. However, fire 
protection systems also have the potential to reduce the environmental impact of a fire should it 
occur. This study considers the environmental benefit that can be gained from the early detection 
and suppression of a fire, as assessed using a modified version of the Fire Impact Tool [4]. The work 
presented in this paper reflects a ‘first order’ proof of concept approach. Outcomes suggest that with 
additional data, the Fire Impact Tool can be a valuable tool for such assessments.  
 
Environmental impact in relation to the time until fire suppression 
A fundamental premise of this work is that the larger a fire grows, the greater the environmental 
impact. Therefore, if the fire size can be reduced by rapid detection and suppression, the potential 
environmental impacts can be reduced. For this first order approach to the problem, we have drawn 
a parallel to the ‘available safe egress time’ versus ‘required safe egress time’ approach (ASET/RSET) 
used for life safety analysis in case of fire [5]. In this work, the comparison is ‘environmental impact 
of fire’ with ‘time to fire suppression’.  
 
Environmental impact is related to several types of emissions and environmental costs: 

1. Emissions from the fire itself; 
2. Emissions associated with Fire Service response; 
3. Emissions associated with replacement of burned contents; 
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4. Emissions associated with replacement of a damaged structure.  
 
Emissions from the fire itself are estimated based on the size of the fire, i.e. the amount of fire 
effluents  
produced is related directly to an assumed fire effluent rate curve (see Figure 1). The overall heat  
release rate (HRR) curve can then be used to estimate emissions as a function of time to suppression.  
In the methodology developed within the Fire Impact Tool, the structural system is timber, the 
building  
is a single story, and the fire emissions are scaled based on the size of the enclosure and its 
associated  
openings.  
 
 

 
 
Figure 1. Stages of Fire growth [6] highlighting where detection and the involvement of sprinklers is 
expected, i.e. before entry into the uncontrolled burning phase.  
 
Time to suppression (𝑡𝑡𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) is estimated as follows: 
 

𝑡𝑡𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =  𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑 + 𝑡𝑡𝑛𝑛𝑛𝑛𝑛𝑛 +  𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑡𝑡𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 +  𝑡𝑡𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 +  𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒                                   (1) 
 
where,  
 
𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑= time from ignition until detection,  
𝑡𝑡𝑛𝑛𝑛𝑛𝑛𝑛 = time from detection until fire service notification,  
𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟= time from notification until fire service arrival at fire,  
𝑡𝑡𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = time from fire service arrival at the fire until they setup on site,  
𝑡𝑡𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎= time from fire service setup on site until fire suppression agent begins, and  
𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒 = time from initial suppression until fire is extinguished (suppressant no longer needed). 
 

 
Estimating environmental impact using the Fire Impact Tool 



The original Fire Impact Tool [4] was comprised of three components: fire models, environmental risk 
assessment (ERA) and lifecycle assessment (LCA). The fire models support the ERA and LCA 
calculations by establishing fire growth curves that determine the amount of damage done and the 
amount of effluents released to the environment for two types of fires, vehicles and enclosures. The 
tool uses ERA modelling to predict environmental impacts to the local surroundings from fire water 
run-off and it uses LCA modelling to predict global environmental impacts (not tied to the local 
environment). In the version of the Fire Impact Tool used for this project, the ERA calculations have 
been removed and the focus is on a building fire scenario, see figure 2 for a schematic of the system 
boundaries.  

 

 
Figure 1: The system boundaries for the modified Fire Impact Tool include replacement and treatment of water 
as a fire suppressant, smoke from the fire, responder travel, treatment of contaminated soil, and replacement 

of enclosure contents and structural materials. 

A simplified fire model calculates the heat release rate based on the ventilation factor, assuming that 
all available oxygen is used for combustion [7] and that the fire is fully developed:  

𝐻𝐻𝐻𝐻𝐻𝐻 = 1.518 ∗ 𝐴𝐴0�𝐻𝐻0 

Where HRR is the heat release rate [MW], A0 is the opening area [m2], and H0 is the average opening 
height [m]. This is reasonable given that the emissions created in the early stages of the fire are 
minor. The emissions from the fire to the atmosphere are estimated based on data from an 
experimental study performed at RISE [8].  

Scenario based assessment 
For the applications presented in this proof-of-concept project, a single room model is used for the 
enclosure fire. The basic structure of the building is a concrete slab floor, wooden joists and beams, 
wooden exterior cladding, triple glazed windows, painted gypsum interior walls, and a roof with 
exterior ceramic tiles. A single fire load and room size has been selected for this first application, 600 
MJ/m2. All fuel has been assumed to burn inside the enclosure (i.e., the fuel excess factor was set to 
zero throughout). The room size was chosen as 100 m2 with an opening area of 10 m2 and average 
opening height of 1.2 m. In those scenarios where the fire service responds to the fire it has been 
assumed that 5 heavy vehicles have responded together with 1 ambulance and 2 small additional 
vehicles, all vehicles with 15 km one-way travel distance.  

A number of assumptions were made to calculate the environmental impact associated with the 
scenarios described in table 1:  



• The fire is ignited at time 0 min. Once the fire is ignited, the item first ignited will require 
replacement (corresponding to 1% of the contents). 

• The fire growth period starts approximately 5 min from ignition, when the fire moves 
beyond the item first ignited. 

• Once the fire moves beyond the first item ignited, the fire spread is approximately 
exponential. 

• When approximately 50% of the contents have burned, it is assumed that surface material 
(part of the structure) will begin to be involved in the fire and need replacement. This 
involvement increases for 2 minutes until the point of flashover at 15 minutes. From 15-21 
minutes it is assumed that all interior finish (gypsum boards, etc.) will need to be replaced 
post fire. 

• Once the fire reaches flashover at 15 minutes from ignition, all contents are damaged and 
need replacement. 

• At 6 minutes after flashover (at 21 minutes), it is assumed that the structure is involved in 
the fire and there will be a need to replace/repair the structure, up to full replacement at 
22 minutes until the end of the fire. 

A schematic representation of the fire and damage development is given in Figure 4.  

 
Figure 2: Schematic presentation of fire development and associated fire damage. Note that the ignition is at 
time t=0 min. The specific time progression corresponds to scenario 2, The first arrow corresponds to start of 
the ventilation controlled fire, the second arrow corresponds to the end of the ventilation controlled fire, in 

scenario 2 due to exhaustion of the fuel package. 

In total six scenarios were analysed, see Table 1. Note that the timing corresponds to the terms given 
in Equation 1 and Figure 1.  

Table 1: Summary of timing for scenarios investigated. Note times are cumulative. 

Parameter Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 
Description Early det. + 

handheld 
extinguisher 

Early det. + 
“let it burn” 

Early det. + 
fire service 
suppression 

Late det. + 
fire service 
suppression 

Early det. + 
fire service 
suppression 
+ minor 
contents 
damage 

Early det. + 
fire service 
suppression 
+ full 
contents 
damage 

𝑡𝑡𝑖𝑖𝑖𝑖 (min) 0 0 0 0 0 0 
+ 𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑 (min) 3 3 3 6 3 3 
+ 𝑡𝑡𝑛𝑛𝑛𝑛𝑛𝑛 (min) - 3 3 6 4 4 
+ 𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 (min) - 13 13 16 14 14 



+ 𝑡𝑡𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (min) - 15 15 20 16 16 
+ 𝑡𝑡𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 (min) 5  15 20 4 4 
+ 𝑡𝑡𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (min) -  18 24 6 6 
+ 𝑡𝑡𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎2 (min)     16 16 
+ 𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒 (min) 7 37 18 24 16  

(10% 
contents 
damage) 

16  
(all contents 
damaged) 

 

The results of the calculations for Scenario 2 are shown in Figure 5 to illustrate the type of 
information which can be obtained from the calculations.  

 
Figure 3: Environmental impact due to scenario 2 over time expressed as UPB. Note that t=0 is the time of 

ignition. Note that the units on the y-axis are eco-points (UBP) calculated according to the Eco-Scarcity method 
[9]. 

Conclusions 
For the building typology, structural system and contents assumptions used in this study, findings 
show that early detection and extinguishment in combination is the best way to minimize the 
environmental impact of fires in buildings.  Early fire detection and manual response with a fire 
extinguisher (or other) when the fire is very small limits the impacts most.  Early fire detection, which 
notifies the fire service, coupled with automatic fire suppression (e.g., sprinklers), is also very 
effective, in that it gives the fire service the earliest opportunity to respond, and begins suppression 
of the fire automatically, so that the fire service will need fewer resources to extinguish any fire that 
may still be burning when they arrive. 

This research represents proof-of-concept concerning the use of the Fire Impact Tool methodology to 
assess the environmental impact of different building fire scenarios with and without active 
intervention. Future research should consider different building structures and typologies, different 
compartment configurations and ventilation factors. Further, the timing was based on generic 
choices, comparisons between different types of detection technology would also be valuable. 
Finally, the LCA calculations have been based on UBPs and future applications would benefit from 
changing to an impact assessment method that uses more commonly used units, for example carbon 
dioxide equivalents (kg CO2 eq) to indicate global warming.    
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