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The goal of this project is to determine whether it is feasible to develop 

a tool that provides a consistent methodology for assessing the 

performance of the fire service with respect to the environmental 

impacts of fire on communities. 

These impacts are presented in terms of savings with respect to 

environmental emissions.

Feasibility study focused on warehouse fires and used many 

simplifying assumptions.
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Introduction/background

� Many aspects of fire impact are evaluated periodically at a national
level by organisations such as the National Fire Protection Association 
(NFPA), among others in the US, and other organisations elsewhere.

� Local reporting is usually much less comprehensive, typically: 
- Number of fires

- Deaths and injuries

- Property damage

� Environmental reporting is much more difficult due to lack of
measurements, data, knowledge of fate and transport of contaminants, 
etc…



Introduction/background

The new tool provides a consistent methodology for estimating savings to

the environmental health of a community based on fire service response.

� Limited scope for feasibility study

� Users do not need to have specialized knowledge of environmental 

theories

� Compares case of an actual warehouse fire (defensive fire service 

response) with a hypothetical case of no fire service response. 

� Savings = no fire service response – fire service response



Approach
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Approach

� Spreadsheet platform

� Worksheets for:

� User input

� Output 

� Reference worksheet

(for information only)

� Default values are given if

local input is unknown



Quantitative Risk Assessment (QRA)

� Estimates fire spread to adjacent structures using deterministic and 

probablistic methods

� Assumptions:

� The adjacent structures are the same basic type as the 

burning warehouse

� A defensive firefighting response was necessary (insufficient 

information available for offensive attacks)

� At least part of the roof collapsed during the fire

� No civilians were killed or injured



Quantitative Risk Assessment (QRA)

� QRA Input (data from actual fire event):

� Distance to adjacent structures

� Wind direction

� Hole in roof size & location

� Hazard occupancy class (for HRR/m2)

� Size of fully developed fire compartment

� QRA output:

� Saved property due to prevented fire spread (for fire service 

response) in terms of area of warehouse floor space



Life Cycle Assessment (LCA)

� What is LCA?
Officially:

• An analytical tool for considering

environmental impact during the lifetime of

a system

• Standardized in ISO 14040 and 14044 

(2006)

”LCA Thinking”:

• The idea of making a holistic evaluation of 

the environmental impact of a system

• Screening tools (LCI, LCC, LCM, Fire-LCA)
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Life Cycle Assessment (LCA)

� Uses output from QRA as input for the case of no fire service response

� Two LCA programs are used: 

� Athena Impact Estimator for Buildings (for impacts related to the 

warehouse structure)

� SimaPro (for impacts related to the warehouse contents, fire

effluents, and fire response)

� Both programs use the TRACI impact assessment method

(developed by US EPA)

� Impacts arise from fire and from replacing burned items



Life Cycle Assessment (LCA)

� LCA input:

� Structure height

� Sprinkler water flowrate and activation time 

� Type of contents

� Number of trucks responding & distance travelled

� Extinguishing water volume

� Percent run-off from sprinklers and extinguishing water



Life Cycle Assessment (LCA)

� LCA output is savings associated with:

� Global warming (in CO2 equiv) 

� Acidification (in SO2 equiv)

� Eutrophication (in N equiv)

� Ozone depletion (in CFC-11 equiv)

� Smog (in O3 equiv)

� Energy used (in MJ)



Sensitivity & Uncertainty

� Sensitivity of the QRA input:

� Y_hole, the location of the hole in the roof (sometimes) 

� X, the ratio of radiated to total HRR

� D_HRR, hazard occupancy class

� Sensitivity of warehouse contents

� Up to 94 % change in results

� Uncertainty of LCA results approx 15 %

� CBA sensitivity is shown in overall results
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Sensitivity Analysis
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Input value range

Input Unit low high Most sensitive results

Hazard occupancy 

classification (QRA)
- light

Extra- Group 

2
All environmental results = 138. 

Compartment size % of 

warehouse size
% 20 80 All environmental results = 2.64. 

Warehouse structure area % 50 200 All environmental results = 1.01. 

Rack height m 2 8
Eutrophication = 1.00. 

Ozone depletion and ecotoxicity = 1.01.

Damaged area - Contents % 25 100 Eutrophication, ozone depletion and ecotoxicity = 1.0.



Model Input – Fire Spread
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Model Input - Warehouse
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Model Input - Contents
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Model Input – Fire Response
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Case Study

7900 m2 warehouse with two tenants: home & garden supplies and 
pharmaceuticals

� Fire started in home & garden supply part

� Fire spread to stored material outside

� Fire was fully developed when fire service arrived, they cooled adjacent

structures downwind

� Fire self-ventilated through a hole in the roof

� Fire spread to the pharmaceutical part

� Most of the roof collapsed, allowing fire to be controlled.

� Oxidizers were present in the stored materials (sprinkler system ineffective)



Case Study – Results



Conclusions

� Within the limited scope of the feasibility study, it is possible to compare 

scenarios that illustrate the influence of the fire service on environmental 

impacts to communities.

� There are many uncertainties associated with the components of the tool 

due to non-specific input data. Some portion of these uncertain parameters 

are applied to both scenarios in the comparison and are therefore partially 

cancelled out of the results.

� As higher quality input data becomes available, the functionality and 

accuracy of the tool will improve.

� This tool was originally intended for use by the fire service but it may have 

value for other interested parties as well. 



Suggestions for Future Work

� Additional structure types (single family residences, commercial buildings, 

apartment buildings, mixed types, etc.) and locations (wildland area, 

suburban neighborhood, central business district, etc.) will be identified in 

the future. The inventory will include information related to the fire, for 

example the structure content and construction type.

� Allow comparisons of outcomes (predictions) when different levels of 

response are taken. Vary number of personnel and amount/types of 

equipment and use response time as a factor.



Suggestions for Future Work

� When and if the methodology is expanded to include more structure types, 

sites, and situations it can be implemented on a larger scale, for example in 

the form of an online service accessible to the fire service. 

� The feature to input several fires could be implemented in the future, 

however this would require special conditions for the QRA.

� The wind speed can be added as an input parameter to include the effect 

of tilted flames. This will be important for strong winds.



Suggestions for Future Work

� Include the impact/value of fire department salvage and overhaul 

operations.

� This study focused on a ‘Defensive’ fire response, future analysis would 

include offensive fires and successful interventions that will result in 

financial and environmental impacts within the primary fire occupancy as 

well. 

� The current model does not cover materials with extreme flame 

temperatures such as magnesium. It covers fires for which the radiated 

HRR lies in the range 0.2 and 0.3. In a future model the X factor, ratio of 

radiated heat, could be made into an input parameter.



Thank you!

This project was funded by the Fire Protection Research Foundation and the 

National Fire Protection Association, together with contributions from SP.

We would like to acknowledge the valuable assistance provided by Mai Tomida 

and Brian Meacham of Worchester Polytechnic Institute in collecting and 

analysing much of the supporting information upon which this work is based.
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