The Fire service minute

1 Introduction

Between 2010 and 2012, I had the pleasure to study Fire Safety Engineering with Christian
Gryspeert, Fire Zone Midwest'’s current fire chief. Christian became a very good friend but
besides of that, I also learned a lot from him. One of the concepts that drew my attention
was “the fire service minute”. This is a way to estimate the efficiency of the speed at which
we intervene.

2 What is the fire service minute?

The fire service minute represents the value of arriving at the scene of the fire one minute
later (or earlier). It is a rough estimate of how much it will cost (in euros) if the fire
department arrives one minute later on average. Or how much it yields if the fire
department arrives on scene one minute earlier on average.

There are a number of scientific articles that have studied the consequences of fire
departments’ response time. This refers to the time between the receipt of the alarm by
the emergency center and the arrival of the first engine on site. In this article, the content
of those articles is reduced to what they say about the relationship between damage and
arrival time. It is important that the reader realizes that this is a purely economic
consideration. The fire department is of course about much more than money. The fire
service minute is a way to think about how to use our budget in the most sufficient way.

2.1 The relation between response time and the eventual damage

Neil Challands [2] looked at fires that occurred between June 2003 and June 2008 in New
Zealand. During those five years, 27 500 fires were registered. These fires were mainly in
wooden houses. This is an important difference with the construction method in Belgium.
The fire department was on site within 15 minutes in 95% of the cases. This is also a
difference with the method in Belgium. The Belgian fire service will not be on site within
15 minutes in 95% of cases.

He concluded that there is a statistical relationship between the arrival time of the fire
department and the size of the fire. This seems like a very logical outcome. In general, we
can say that fires are larger if the fire department takes longer to arrive on the scene. This
does not mean that this is the case for every individual fire, but that it is the case on
average. There will be exceptions: In an underventilated fire, the fire will remain fairly
stable as long as there is no ventilation. The fire cannot grow, so to speak. In a ventilated
fire, on the other hand, the fire will grow quickly. The fire department will be confronted
with a larger fire if they arrive later.

A bigger fire also means greater damage. Challands has also drawn a conclusion here. He
calculated that arriving one minute later led to an average of NZ$ 4 000 in additional
damage in the period 2003-2008. This corresponds to € 3000 in 2021.
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2.2 Is every minute faster worth € 30007

No, it is not. Every firefighter knows there are a lot of fire calls where fires are not raging
that bad. Think about a cooking pot left on the heat, producing smoke and is recognized
by neighbors as a “fire”. In a significant amount of fires, there is a very little difference in
damage if the fire department would arrive some minutes later.

On the other hand, now and then there are fires where the fire department has a very
large impact in the first minutes after arrival. Think about a fire in its development phase.
For example, the couch in the living room is burning when the attack team enters the
house. There is a considerable smoke layer, which essentially stretches over the living
room and kitchen. Since the door to the hallway is open, the hot smoke flows through the
doorway via the hallway to the upper floor, where the bedrooms are located. The bedroom
doors are open and some windows in the bedrooms are open to ventilate the rooms. The
flames in the living room reach the ceiling and begin bending off at the ceiling. How will
this situation evolve in the upcoming minutes?

Flames deflecting at the ceiling are causing
the temperature of the smoke layer to rise
rapidly. Flashover will take place in the living
room within a minute. The fire in the living
room/kitchen will become fully developed.
The flames will spread into the hallway and
within the near future, the top floor will start
burning along with it. Even if the fire
department arrives on site at that moment,
the damage in the living room and kitchen will
be enormous. These spaces are completely
destroyed. There will also be a lot of damage
at the upper floor.

The attack team that comes through the door
at the time when only the couch is on fire can
very quickly take control of the fire in the
couch with a direct attack. By starting the
attack before flashover, the damage is limited
to the couch and smoke damage in the
building. A damage of roughly € 100 000 is
prevented.

Image 1 This kitchen fire came very close to
flashover. Now, the damage in the building
remains more or less limited. If the fire

department would have arrived a few minutes That one minute prevents € 100 000 of

later, probably multiple spaces would have

been destroyed. (Picture: Nick Lemahieu) damage, which in turn compensates for 32

interventions where arriving one minute
earlier had no effect on the damage. Together these are 33 interventions that prevent
€ 100 000 of damage. On average, this is € 3 000 of damage prevented per intervention.

It is therefore very important to understand that the fire service minute refers to the
average intervention.
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3 Saving lives

The previous sections discuss the impact of a shorter response time on damage when a
fire occurs. However, preventing damage is only the second most important goal of the
fire department. The absolute priority is saving human lives. What is the relationship
between response time and lives saved? That question is slightly more complex than the
question about damage. There are other factors involved: after all, people can save
themselves. Especially if working smoke detectors are present, the vast majority of people
should not die in a fire. Exceptions are small children, people with disabilities, elderly
people with limited mobility, etc.

Research by Henrik Jaldell [3] in Sweden indicates that even faster intervention is
especially important in areas where the fire department already arrives on scene in a short
time. It is mainly in those areas where the fire department can save human lives. After all,
the survival time of people in a fire is very limited if they are exposed to smoke or the heat
produced by the fire. This means that people who become trapped in a building where a
fire breaks out have only a limited time to survive if they are exposed to smoke and/or
heat. The fire department must be on site very quickly to be able to rescue these people.
Such rescues are not that likely with longer arrival times. It is different if a victim can
escape onto a balcony or terrace. In open air, most victims get enough air to survive until
the fire department arrives on scene. However, the radiant heat from raging flames does
pose a substantial threat to those victims. Here too, there is only a limited time available
to rescue these people. This period of time is admittedly longer than for people stuck inside
smoke-filled spaces.

Image 2 shows such a situation: A
resident of an apartment has fled to his
balcony after a fire breaks out. It's on
the third floor so jumping down isn't
really an option. The fire in his
apartment becomes fully developed.
The flames come raging through the
window. The flame front is a large
source of radiant heat. This will cause
the person to suffer burn injuries. After
some time, these will become so
painful that he will jump down anyway.

By then he will have suffered severe s N

burn injuries. The fall from three floors Image 2 The resident of an apartment has fled onto
il al lead t . iniuri Hi the balcony but has to cower due to the radiant heat
will also lea O Serious Injuries. RIS ¢ the flames. Lucky for him, the fire department is
chances of survival are therefore thereto rescue him. (Picture: Tom Vanryckegem)

limited. In this situation, the arrival of
the fire department a few minutes
sooner or later can make a big difference.

Jaldell calculated how many lives could be saved on average if the fire department arrived
on scene one minute faster. He obtained the figure of 0.00035 lives per “fire service
minute”. This means that the fire department must be one minute faster on 2 857 fires to
save one human life.
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Another study by Jaldell in 2004 looked at all "urgent" interventions ranging from indoor
and outdoor fires, traffic accidents, storms, flooding, person in river, .... The result of that
analysis is that one minute faster corresponds to € 1 472 of avoided damage. A conclusion
we can draw from this is that fires cause much more damage per minute than other
interventions. In addition, we learn that with other interventions an amount of money can
also be linked to arriving earlier or later. It is important to realize that Jaldell's study looked
at one specific context. The number of fires compared to the total number of interventions
is an important factor in arriving at € 1 472. Since fires cause much more damage than
other interventions, this means that more fires lead to a higher average. This € 1 472 will
therefore be an underestimate for a zone where there are proportionately more fires than
in the region that Jaldell studied.

4 Application

4.1 A human life is invaluable ...

It is a statement you often hear. Of course, there is some truth in it. However, for society
that statement is incorrect. Every year, people die in traffic accidents that could have been
avoided if the intersection where their car crashed had been replaced by a roundabout.
People die every year because assistance comes just a little too late. All these measures
cost money. The amount of money in the government treasury is limited. Each euro can
only be spent once.

Suppose someone is ill, what is the maximum amount of money we want to spend as a
society to make him or her better? Do we spend € 1 million, € 10 million, € 100 million? It
is a very uncomfortable thought but there is a limit to that budget. It is the job of politicians
to think about this and make (often very difficult) decisions. If you spend € 100 million on
one patient, a lot of others will die because the money needed to treat them runs out.

In Sweden the “price” of a human life is 24 million SEK, about € 2.38 million. If we multiply
this amount by the 0.00035 lives per fire service minute that Jaldell calculated, we obtain
an additional “profit” of € 832 per fire service minute. This results in a cost per “fire service
minute” of approximately € 4 000 for fire responses.

4.2 The fire department makes no profit

This is also a statement we often hear. However, the fire department does make a lot of
money. It is simply not calculated how much. Suppose you would not allow the fire
department in Brussels to respond to fires for one year, the social costs would be
enormous. It would by far exceed the annual budget of the Brussels fire department. If a
fire breaks out in a single-family home, it will usually not spread to neighboring properties.
If the fire department would not intervene, the damage would be limited to the value of
the home. This case assumes working smoke detectors to prevent people from dying.

However, in the urban environment, buildings are much closer together. The fire will often
spread to the neighbors. In a number of cases, an entire block of houses will go up in
flames. A fire in a nursing home or hospital would take a very high toll in human lives. It
is therefore very easy to conclude that the fire department does yield a lot. However, it is
very difficult to put a number on that.
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The fire service minute does provide a concept to make
a very rough estimate of the impact of a number of
measures. The exact value of the minute is most
difficult to estimate. The scientific papers above provide
a value of € 4000 for fire calls. For all urgent
interventions together, the value is € 1 472. It is clear
that these two amounts are quite far from each other.
This clearly indicates that these are estimates.

It should also be kept in mind that this only concerns
the urgent interventions. A large number of the
interventions are non-urgent, but these also provide
added value for society. After all, if not, they would not
be executed. The added value of the non-urgent
interventions is not included in this analysis.
Consequently, the result of the calculations is an
underestimate of reality.

Image 3 Top down view from a fire
in an urban context. Because of the
In Belgium, the majority of emergency medical excellent actions of the fire

assistance is also provided by the fire department. The department, the damage at the

. . . . neighboring houses is limited. If
cost of a fire station also includes a significant cost for . ote would be no fire department,

ambulance crews. In Brussels, this task takes up the whole block would have been
approximately 35% of the workforce. The “return on destroyed. (Picture: Fire Zone
investment” of this large part of the cost of a fire Ce€Ntrum)

station is not included in this calculation. For this we would need the concept of the
ambulance minute. Consequently, the € 1 472 is probably a significant underestimate of
reality.

In order to take into account the value of emergency medical assistance and non-urgent
interventions and the uncertainty that exists on the value of € 1 472, the value of medical
and non-urgent interventions, the proposal has been made to work with a lower and an
upper limit for the profits of the fire service minute: € 2 000 as a lower limit and € 4 000
as an upper limit as a profit per minute in the event of an urgent intervention.

Something that this, purely economic calculation, does not take into account is emotion.
In a village where there has been a volunteer fire station for many years, residents will not
be happy about a decision to close the station because there is “"no economic benefit”.
From a purely objective perspective, those people also receive lower quality if the fire
department suddenly has to come from 5 to 10 minutes further away.

4.3 Localization of stations — Faster on scene

From recent years it has been known which interventions took place and where they took
place. With a geographic information system (GIS) it is possible to place all these
interventions on a map. The system can calculate the arrival time to each of these
interventions. This is the basis to start from if stations are added or removed.
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In Belgium, there are a number of areas
where the fire department has a long
enroute time or where the enroute time is
longer than the rest of the zone. One can see
how many “fire service minutes” are gained
by opening a new station. The past
interventions around the new location would
have been served much faster. For each
intervention this leads to a number of fire
service minutes gained. Those minutes
gained can literally be added up. This
number of minutes is multiplied by € 2 000 : :
and by € 4 000. This leads to the minimum Image 4 Exterior fire of a motorcycle. A fast

and maximum profit realized by the new intervention by the fire department can ensure
station. a fire as this is restricted in its outside character.
If a motorcycle or car is close to a building, a fire
such as this can enter the building through a
Example 1: window and cause a structure fire. In this case

A new station will provide the first vehicle on as well the speed of intervention is important.
site for 200 urgent fire department calls per (Picture: Tom Fort)

year. This means that these are no longer completed by the surrounding stations. If the
new station arrives on site on average five minutes earlier than the existing stations, this
will result in 1 000 minutes saved. The added value achieved here lies between 2 and 4
million euros.

Various options for a new station can be considered and the “profit” of the different
locations can be compared against each other. This method can help to decide whether a
new station can be opened and where the optimal location for this is.

4.4 Permanent occupation in the station or not

In Flanders there are roughly three types of fire stations:

1) With a permanent occupation
2) Without permanent occupation: firefighters have to come from home
3) A mixture of both

Here too, various applications of the fire service minute are possible.

4.4.1 Six firefighters in the fire stations versus all come from home

Providing six firefighters in a station costs a lot of money. In any case, it costs much more
than calling in people when there is an intervention. In this last case, the six people are
only paid per intervention carried out.

However, there are also counterarguments. For each urgent intervention, a number of fire
service minutes are saved. An assumption that is often used in Flanders is that a station
with permanent occupation leaves three minutes faster than a station where people have
to arrive from home. Or in other words: it takes three minutes before the last person is in
the station. It goes without saying that this assumption is not correct everywhere. In many
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places, this is probably a somewhat optimistic assumption. An organization can measure
how many minutes it takes before the sixth person arrives in the station to achieve the
difference time between permanent staff and arriving from home that is closer to reality
than the three minutes.

Example 2:
A station manned by volunteers carries out 200 urgent interventions per year. The added
value of having an occupancy is 600 fire service minutes or between € 1.2 and € 2.4 million
on an annual basis. This added value will be insufficient to justify permanent occupancy in
this station.

If the number of urgent interventions
per year and/or the arrival time to the
station increase (e.g. due to
increasing busy traffic), a tipping point
will be reached at a certain moment.
From then on it becomes interesting
from an economic point of view to
have a permanent occupation.

Apart from the financial aspect, there
are also other advantages of a
permanent occupation: a permanent X ; Ny
occupation also means practicing ' . ""
daily. This will increase the quality of s bl

assistance. This higher quality is not Image 5 Fire in a cupboard with electricity and gas
included in the model of the fire meters in a garage. The damage was limited due to the

) ] rapid intervention of the fire department. If the fire
service minute. department would have arrived a few minutes later,
there would be much more damage. (Picture: Geert
Jansens)

Moreover, during their presence,
people can perform a number of (logistic) tasks that would also have to be carried out if
there was no permanence. There is also a value to this. It is therefore not the case that all
occupation hours represent a net additional cost compared to personnel which comes from
home.

Of course, it is also possible to provide permanent occupancy for only a part of the day. In
many places there is an occupation during the day while volunteers come from home at
night. In the future, more stations will switch from working with purely volunteers to a
mixture of attendance at night and permanent staff during the day or from this mixture to
full-time staff. An economic analysis can also be made for these transitions using the
concept of the fire service minute.

4.4.2 Filling in crucial functions during daytime

In many zones, there are struggles with the attendance of volunteers during daytime. At
times when there are no six people available, the engine can exceptionally operate with
four people. However, if there is no engine driver/pump operator available, or no company
officer, the engine cannot be sent out. As a result, the engine must come from a more
distant station. This can quickly lead to 10 to 15 minutes of wasted time.
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Such an analysis can also be made here. One can per example provide two people on duty:
an engine driver and a company officer. The rest come from home in that case. The
difference in minutes is then obtained by comparing the arrival time of the engine from the
station (with two or four people coming from home) with the arrival time of the station
that arrives on site if the first station is not available.

Example 3

Suppose that in a volunteer station 50 urgent interventions take place during the day that
have to be handled by another station because no engine driver and/or company officer is
available (or no six people are available). If the next closest station takes an average of
ten minutes longer to reach the scene, this represents a loss of 500 fire service minutes or
between 1 and 2 million euros.

The question then is: what is the additional cost of staffing a company officer and an engine
driver in a station compared to the current situation?

Image 6 A completely burnt out wooden building. If the fire department would have arrived 10
minutes sooner on scene, they might have arrived before flashover took place. Then the damage
would have been reduced from total loss to the limited damage in the surrounding of the fire’s
starting location. (Picture: Geert Jansens)

5 Afterthoughts

It goes without saying that this is a very simple representation of a complex reality. Of
course there is the budget. There has to be enough money to pay for everything. On the
other hand, (partly) permanent staffing can ensure better quality.

On the other hand, in many places there will be volunteers who are not keen to hand over
"their place" in the engine to a permanent occupation. That is also important because
volunteers are a great asset to the fire department.

It is up to policymakers to weigh all this up and make good decisions. And that is a difficult
task.
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