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Executive Summary

Building Regulations Divisicn, Department for Communities and Local Government (DCLG) commissioned
BRE to carry cut a project titled “Compartment sizes, resistance to fire and fire safety”. The main aim of
this project was to produce robust evidence and data based on research, experimental fire tasting,
computer modelling and laboratory testing, where necessary, on a number of linked work streams in
relation to fire safety and associated provisions in Schedule 1 of Part B of the Building Regulations 2010.

This Final work stream report describes the findings of the research for Work stream 5 — Sprinkler
provisions. The guidance in Approved Document B (AD B) currently provides that most buildings over 30 m
tall should have sprinkler protection with the exception of purpose groups: 2(a) — residential (institutional),
2(b) — residential (other) and 7(b} — (car parks). The principal aim of this work stream was to produce
robust evidence and data to explore the options for fire sprinklers in tall buildings above 30 m not currently
requiring sprinklers.

The work conducted under this work stream was desk-based and has involved the collection and
preparation of suitable input data and cost benefit analysis modelling. This work stream has also involved
the participation of an industry Steering Group. The statistical analysis presented in this report has been
performed by BRE using raw statistical data supplied by DCLG.

it was not feasible to examineg the risks of fire as a function of building height for buildings falling under

AD B purpose groups 2(a) - residential {institutional}, 2{0} - residential (other} and 7{b) - (car parks), since,
unlike blocks of fiats, data on the number of buildings of different heights was not available. However, it
was possibie to determine the number of beds, rooms or parking spaces, as appropriate, for thess different
huiiding types and therefore, it was decided (o use the "accommodation unit” as the basis for the cost
benefit anaiysis.

Assumptions
This casl benefil analysis assumed the following:

= The risk for a building was assumed to be proporticnal to the number of accommaodation units it
contained.

Risk was not explicitly a function of building height.

¢ Sprinkler syslem costs were calculated an the basis that the buildings are fully sprinkler prolected
in accordance with AD B and BS EN 12845 or BS 8251, as appropriate {with permitted exceptions).

s Waler supply costs assurned a pump and tank was provided, with costs shared over the
sccommodation units within the building. Costs for a boosted mains option were slse provided.

s Additional charges that could be imposed by water companies {e.g. design chaecking} were not
includad.

¢ Sprinkler effectiveness was estimaled on the basis of the reduction in fire area (Nole, The
refationship between fire area and risk is non-linear).

s The reliability of the sprinkler system was assumed to be 88% + 0.5%.

Commearcial in confidence @ Building Research Establishment Lid 2015
Printed on envirenmenially friendly pager

CLG00006275/3
CLGOUUUUL Td_Uvuo



4 Final Work Stream Report BD 2887 (D27V1) 286859

o Life safety benefits were valued according to the principles laid out in the Treasury Green Book.

s Property damage was valued according to the data presented in the DCLG report “The Economic
Cost of Fire 2004, uprated to current prices in line with the Retail Price Index.

= Environmental impacts and sustainability were not included. The omissicn of these factors was not
expected to make a significant difference to the conclusions.

s Any cost savings resulting from less onerous requirements for building management were not
included. However, an illustrative example was provided for care homes.

¢ Future trends in fire risks were not considered.
Conclusions
The conclusions of this study are:

¢ The following building types would be expected to experience a net cost benefit from the
installation of sprinklers for buildings much less than 10 storeys {30 m) in height:

Care homes

Places of lawful detention

Hostels

Blocks of flats {(comparison control group).

oo O 0

s+ The foliowing building lyoes could experience a net cost banetil from the inslaliation of sprinklers
for buildings above 10 storeys (30 m) in haighl, although this conglusion s not particulary rabusl
fconfidence level helow B5%);

o Rasidential accommeadsation for bearding schools
o Halls of residence

= The following building types would de unlikely to experience a net cost bensfit from the instaliation
of sprinkiers, gven in buildings above 10 storays (30 m} in height:

o Hospitals
o Hoteis and boarding houses
o Multi-storey car parks.

These conclusions wears furthar supportad by the sansitivity analysis which assumed the highest possible
effectiveness for sprinkler mitigation of fire conseguences. The uncertainties in sprinkier effectivensss for
the reduction in deaths and injuries were generally very largse. However, the sensitivity analysis showed
that the cost beneafit results were not greatly influenced by the effectivenass in reducing deaths and injuries.
Most of the benefit from sorinkier protection arese from property profection.

it is possible that, dependent on the specific circumstances of a building design, sprinkiers could be cost
Beneficial for some cases where they would not be for a generic building. The converse is also true.

Note. This cost benefit analysis concentrates solely on sprinklers and does not consider other fire
protection measures which may or may not be more cost effective, acsording to circumstanses.
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Confidence levels

The following table shows the confidence level for the hypothasis that sprinklers are cost effective, in the
various building types. The higher the confidence level, the more likely sprinklers are to be cost-effactive. A
confidence level of 95% means there is only a 1-in-20 chance of incorrectly predicting sprinklers to be cost-
effective when they actually would not be. A confidence level of 50% arises when the calculated costs and
benefits are exactly equal, but the uncertainty in the calculation means that it is equally likely that sprinklers

actually are or are not cost-effective.

Building type | Accommodation | Confidence level for hypothesis that sprinklers are cost-effective
unit

n*=1 n*=10 n* =100 n* =1000 n* =
Hospital Bed 0% 0% 4% 9% 9%
Care home Bed 23% 96% 100% 100% 100%
School Bed 0% 0% 47% 69% 71%
(residential)
Place of lawful | Bed 20% 100% 100% 100% 100%
detention
Hotel and Room 0% 0% 0% 0% 0%
Boarding
house
Hall of Room 0% 0% 78% 85% 85%
residence
Hostel Room 100% 100% 100% 100% 100%
Multi-storey car | Parking space 0% 0% 0% 0% 0%
park
Block of flats Flat 0% 32% 98% 98% 98%

* n = number of accommodation units per building

Key to shading: red = confidence level below 5%, amber = confidence level between 5% and 95%, green =
confidence level above 95%
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1 Introduction and Objectives

This Final work stream report is delivered as part of the Department for Communities and Local
Government (DCLG) project BD 2887, titled “Compartment sizes, resistance to fire and fire safety”, DCLG
Contract reference CPD/04/102/010. The main aim of this project was to produce robust evidence and
data based on research, experimental fire testing, computer modelling and laboratory testing (where
necessary) on a number of linked work streams in relation to fire safety and associated provisions in
Schedule 1 of Part B of the Building Regulations 2010. The project was broken down into specific work
streams.

This report describes the findings of the research for Work stream 5 — Sprinkler provisions.

The guidance in Approved Document B (AD B) [1] currently provides that most buildings over 30 m tall
should have sprinkler protection. This is with the exception of purpose group 2(a) — residential
(institutional), 2(b) — residential {other) and 7(b) — {car parks).

In 2010, DCLG invited external partners to submit their ideas and evidence on ways to improve the Building
Regulations. Sprinklers were raised by a number of respondents, but, it was concluded that there was not
any significant new evidence on the health and safety benefits of greater sprinkler provision. However, the
previous cost benefit analysis work [2, 3] did not look specifically at the inclusicn of sprinklers in buildings
that fall into the purpose groups as detailed above, nor did it look at sustainability alongside life safety as a
cumulative benefit.

For those buildings not currently recuiring sprinkiers above 30 m, there is an assumption that a higher
degree of management and centrol would be in plase to counteract the increasing risk with building height.
However, this higher degree of management would result in additional running costs whish wouid be
incurred throughout the Iife of the building. Recently, it has been suggested that the inciusion of sprinklers
for thess types of buildings could be a more cost-affective approach.

The principal airm of s work stream was Lo produce robust evidence and data to explare the oplions for
fire sprinklers in ail buildings above 30 m nol currently requining sprinklers. The specific objectives of this
work slream were [0 a) examine the allernalive options other than those detalled in AD B {based principally
on life risk}, taking into account other factors such as snvircnmental impagct and b) to identify the costs and
benefits and any risks thal are associated with them

The Work stream 5 tasks were:
= Task 5.1 - Estabiishment and mestings of the Satellite Steering Group
s Task 5.2 — Collection and preparation of input data
s Task 5.3 — Cosl benefit analysis modeliing, analyse resuits and draw conciusions

e Task 5.4 — Reporting.
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2 Programme of work
2.1 Building types considered
This work stream considered the following building types:
¢ AD B purpose group 2(a) — Residential {institutional}
o Hospital
o Care homes
o School (residential accommodation)
o Places of lawful detention
e AD B purpose group 2(b) — Residential {other)
o Hotel
o Boarding house
o Residential college

Hzll of residence

O

o Hostel
s AD B purpose group 7(b) - Car parks.

At the start of this work, it was thought unlikely that any work with regards to car parks would demonstrate a
positive banefit in relation to health and safety due to the fact that fires in car parks are rare and there are
few deaths or injurias recorded to date in the UK in car parks, although this was included to ensure the
research is robust in addressing all issues.

This cost benefit analysis assumes that buildings are fully sprinkler protected in accordance with AD B and
BS EN 12845: 2004 {4] or BS 8251: 2005 [5]. as appropriate {with permitted exceptions).

2.2 Stakeholder engagement

Thils work stream has involved the participation of an industry Steering Group, Satellite Steering Group B.
This group provided input during the course of the work, giving feedback on the research methodology as
weli as key deliverables and milestones. This group met three times.
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The organisations represented at the Steering Group are as follows.

Organisations represented at the Steering Group

¢ 8 & 8 & $ & & & 0 & B+ S+ O 0 ¥

Building Regulations and Standards Division,
Department for Communities and Local Govemment (DCLG)
BRE Project team

Association of Specialist Fire Protection (ASFP)
Association of Building Engineers (ABE)

British Automatic Fire Sprinkler Association (BAFSA)
British Parking Association

British Standards Committee FSH/25/3 Smoke ventilation in
car parks

Business Sprinkler Alliance (BSA)

Chief Fire Officers Association (CFOA)

The Chartered Institute of Building {CIOB)

Fire Brigades Union (FBU)

Fire Industry Association (FIA}

Institution of Fire Engineers (IFE)

LABC

National Fire Sprinkler Association (NFSN)

National Register of Access Consultants (NRAC)
Passive Fire Protection Federation (PFPF)

RICS Building Control Professional Group (RICS)
RISC Authornty

Scottish Building Standards (SBS)

Shore Engingering

Smoke Control Asgociation

Water UK

Welsh Government (WEG)

At the third Satellite Stearing Group B mesting held on 1g'" January 2015, the Work stream 5 cost benefit
analysis was presented and discussed in detail. From this meeting, the following should be noted:

L

The difference was between a ‘boarding house’ and a ‘hostel’ was discussed as this was
unciear. |t was feit that a boarding house is short stay accommodation for recreational purposes,
like & smail hotel and & haslal is run by charitable organisalions for waifare purposes.

Building types ‘Hotels’ and ‘Boarding houses’ would be combined as a result of the definition of
boarding houses being unclear and that data on the numbers of boarding houses in England could

Aot be found.

There is a recent growth trend in the UK in the |ast five yvears of building very tall blocks of student
accommodation involving ‘cluster flats’. Steering Group members expressed concerns about
these. [ was felt that these types of premises could be treated as being similar to biccks of flats.
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2.3 Collection and preparation of input data

The data collection and review has concentrated on England-specific and UK Treasury data, where
appropriate and where possible. Data gathering covered the following areas:

» Fire statistics. The most up-to-date raw fire statistics data available from DCLG for England were
requested for 2009 to 2013 (four years) [6]. The method of recording fire statistics changed in
2008/9. There are some issues with data consistency before and after this date. Therefore, data
collected in 2009 and later from the DCLG Incident Reporting System (IRS) were concentrated on.

The statistical analysis presented in this report has been performed by BRE using raw statistical
data supplied by DCLG.

= Number of “accommeodation units” of each type. It was easier to find information on the numbers of
beds or rooms than the numbers of buildings. There was one exception to this; numbers of
boarding houses could not be found. As the fire statistics {IRS) classified boarding houses as
recreational buildings, it was decided to amalgamate boarding houses with hotels. The number of
accommodation units was used with the DCLG fire statistics in order to derive the risks on a “per
unit” basis.

o Costs of sprinkler system installation and maintenance. Published cost data has been used,
adjusted for inflation.

+  Cosis of water suppiies. Published cost data for water supplies have been used, adjustad for
infiation. This did not include water company charges.

s A literature review and web search was conducted (o obtain suppiementary information.
Details of the input data used in the calculations are given in Appendix B.

2.3.1 Previous work

Previous relevant work was reviewsd [8.g. 2, 3, 7, &, 8, 10, 11] and the most relevant to this work stream
are summarised as follows.

BRE carried out a cost benefit analysis of residential sprinklers for the Chief Fire Officers Association
(CFOA report) [7]. This study looked at houses, flats, houses of mulliple cccupation and care homes. It
used FDR1 fire statistics data from 2003 te 2008 and did not explicitly addrass the heaight of buildings.

BRE carried oul & cost benefit analysis of residential sprinklers for Welsh Government in connestion with
the Domestic Fire Safely (Wales) Measure 2011 8] Building types thal were cansidered were: houses,
purpase built and converted Tlats, nouses in muitiple ococupation, residential carg nomes, residential
colleges, boarding schools and student halls of residence. The input data was Welsh specific data
whearever possible.

The Callow Mount sprinkler pilof project in Sheffield [9] was a 13-storey dlock cortaining 47 flats operated
as social housing that was retrofitted with a residential sprinkier system in September 2011, funded by the
British Automatic Fire Sprinkler Asscciation. As part of this piiot schames, the full costs of the project were
recorded.
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Blocks of flats are included in this cost benefit analysis as a control group for comparison with previous
work [2] and to check the methodology with the IRS fire statistics data. There are good data for the risks of
fire as a function of building height for blocks of flats and the number of buildings of each height.

24 Initial investigation of fire statistics
The DCLG IRS fire statistics data for England for 2009 to 2013 [6] was initially analysed and this concluded:

s Sample sizes for the numbers of deaths and injuries in the building types to be studied were small.
Therefore, correlations between fire area and risk were likely to be uncertain.

s A theoretical analysis [12] suggests that fire risk is a quadratic function of the number of flcors in
the building. There is some support for this theory from the fire statistics, mainly based on flats and
offices. This was further investigated for the property types of interest in this study and was found
not to be robust.

s Previous work for DCLG [2] showed sprinklers were cost sffective in tall blocks of flats due to the
increasing number of fires that such buildings experienced. More recent work [7, 8] showed that
economies of scale in tall buildings also helped the cost effectiveness of sprinklers.

= Data on the numbers of buildings of different heights in each of the property types of interast were
needed, before the effect of fire frequency on risk could be seen. (The statistics analysis gives the
consequences per fire only).

s Forflats, there is information on the numbers of flats in buildings of different heights, which aliows
the risk as a function of height o be investigated (see Appendix C). This showed that the riskin a
flat did not depend strengiy on the building height. For other buildings, it was argued that this
dependence would be even weaker,

s The property types of interest do not have information on the numbers of buildings in different
height ranges. Therefore, it was decided to utilise an “accommaodation unit” type and size approach
ingtead, where an accommaodation unit type could be, for example, a bed, a room, a parking space
and the size of the unit = the footprint oF unit multiplied by the height of the unit.

o The risk per unit was assumed to be constanl, i.e. independent of building height.

2.5 Cast benefit modelling

The cost benefit analysis was performed using a spreadsheet-based msethodologyftoot that has undergens
considerable deveiopment and refinement over a number of yaars.

The currenl version combines the Engiand fire statistics data from the DOLG IRS, numbers of
scocommodation units, and other information, to calculate various risk metrics {g.9. risk of daath/finjury,
extant of firs damage} for unsprinklered buildings.

Direct statistical evidence for sprinkler effectivenass in buildings in England (and UK} is extremely limited
(vecause most buildings do not have sprinklers), and stalislical evidence from other countries {such as the
USAY may not be gpplicable, due to different standards, stc. Therefore, the efficiancy of sprinkiers was
estimated on the basis of a reduced fire area, and corresponding redustions in other risks (2.g. risks of
ceath} which are correlated with fire area.
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The cost benefit analysis handles uncertainties in the input data and produces robust confidence intervals
for the results.

The results of the cost benefit analysis are presented on a “per accommodation unit” basis. Costs were
itemised (e.g. cost of sprinkler installation, cost of water supply). Benefits, in terms of reductions in fire
impacts over the whole lifetime of the sprinkler system, were converted to monetary terms. Uncertainties
and confidence intervals are also pressnted.

The specific risk metrics that were included are:

¢ Risk of death per building per year (with each death prevented valued using UK Treasury guidance
[13] on Willingness to pay, currently about £1.8 m)

¢ Risk of injury per building per year {with each injury prevented valued based on UK Treasury advice
[14]; a weighted average for serious and slight injuries was calculated)

s Fire damage, related to area burnt (mz) and converted to £ using Economic Cost of Fire data [14].
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The input data is detailed in Appendix B. Costs that were considered include:

¢ Sprinkler system installation costs
s Sprinkler system water supply costs
s Maintenance costs for sprinkler systems

e Building running costs, including management (e.g. staffing levels).

Figure 1 shows schematically how the costs and benefits are assumed to vary with the number of

“accommodation units”.

Some costs, such as provision of water supplies, or system maintenance, will be incurred regardless of the
number of units that the system protects. Hence, as the number of units increases, the fixed costs are

shared, and the cost per unit decreases.

Benefits are assumed to be directly proportional to the number of units. There will be a number of units at

which the benefits exceed the costs.

Benefits (per blg) ,

b
et
B

L per building

" Costs [per blg)

Number of “accommodation units”

Figure 1 - Schematic illustration of the assumed variation in costs and benefits with the number of

“accommodation units”
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2.6 Analysis of results

For details of the cost benefit calculations for the main analysis, see Appendix D.

The results of the main analysis are summarised in Tables 1 and 2.

In Table 1, nis the number of accommodation units within the building. As it is assumed that costs such as
water supply, maintenance etc. are shared over the n accommodation units, the cost benefit ratio improves
{gets larger) as n increases.

Table 1 - Cost-benefit ratios for n =1, 10, 100, 1000, infinity for the selected bhuilding types

Building type | Accommodation Cost benefit ratio (R)

unit

n=1 n=10 n =100 n = 1000 n=-w

Hospital Bed 018+002 063+ 005 085+008 038+009 083+009
Care home Bed 0232003 1.30£0.18 244 £ 0.51 2.67 £ 0.61 270+£0.62
School Bed 0.05 0.01 0.38x0.08 0.98+£0.25 1.16£0.33 1.19£0.34
(residential)
Place of lawful | Bed 020+ 0403 175+024 787 +085 1208+158 12834173
detention
Hotel and Rocm 003+000 030+042 050+004 080+ 045 4261 +006
Boarding
house
Hall of Room 0.11+001 083+ 008 116+024 130+029 131029
residence
Hostel Room 117+ 006 434+ 024 729+037 766+ 038 FF0+030
Multi-storey car Parking space 0.81 + 0.81 0106+ Q.87 027 +018 032+022 §33:-022
park
Block of flats Eiat 018+ 003 0g4+013 183+031 176+038 175037
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In Table 2, the values given are:

s The number of accommeodation units required to achieve a cost benefit ratio of 1.00 {i.e. exactly
break-even; when n is higher the benefits exceed the costs). Note. The uncertainties in the
calculations mean that the confidence level that the ratio will be 1.00 (or higher) in practice is 50%.

= The number of accommeodation units required to give a confidence level of 35% that the benefits
will exceed the costs. For some building types, this level of confidence cannot be achieved even
with an infinite number of accommodation units to share fixed costs, because the uncertainties are
too large.

Table 2 — Number of accommodation units giving a cost benefit ratio = 1.00, and number giving
confidence = 95%, for the selected building types

Building type Accommodation Number of accommodation units

unit

No. forR =1 No. for confidence = 95%

Hospital Bed - o
Care home Bed 7 10
Schoal Bed 111 -
{residential)
Flace of lawful Bed 8 &
detention
Hotel and Room - —
Boarding house
Hall of Room 34 =
residence
Hosteal Room 1 i
Multi-storey car | Parking space = -
park
Block of flats Fiat 12 3G

MNote: “--"'means that the specifisd cost benefit ratio or confidence level could not be achieved, even with an
infinite number of accommodation units.
2.7 Sensitivity analysis

Because the sprinkler effectivenass values were very uncertain in many cases, a sensilivity anaiysis was
performed where these effectiveness values were laken as 100%. These are the highesl possible vaiues,
50 the only way to improve the cost benefit further would be to reduce the costs.

For details of the cost benefit calcuistions for the sensitivity analysis, see Appendix E.
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The results of the sensitivity analysis are summarised in Tables 3 and 4.

Table 3 - Cost benefit ratios for n =1, 10, 100, 1000, infinity for selected building types for the
sensitivity analysis

Building type | Accommodation Cost benefit ratio (R)

unit

n=1 n=10 n =100 n =1000 n=e

Hospital Bed 020002 070+005 094+ 008 087 +0.09 0987 +009
Care home Bed 028003 156+0.19 2983+058 321070 325+072
School Bed 006+ 001 046+ 008 1.19+0.27 142+0.36 145+0.38
(residential)
Place of lawful | Bed 024+003 2124022 952+073 1460+ 1.35 1552+ 1.52
detention
Hotel and Room 0.03+000 021+002 053+004 063+ 006 0.64 +0.06
Boarding
houss
Hall of Room 0.13 £ 0.01 07140408 1.33 £ 0.27 1464 0.32 147 £0.33
residence
Hostal Room 1.34 £ 0.05 5861022 B.36£0.35 B7B£0.37 8.83£0.37
Multi-storev car | Parking space 083+ 040 021+ 0462 054+ 004 085+ 006 066 +0 06
park )
Block of flats Fiat 022+003 116+ 015 202+ 038 218+ 044 2205045
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Table 4 — Number of accommodation units giving cost-benefit ratio = 1.00, and number giving
confidence = 85%, for selected building types for the sensitivity analysis

Building type Accommodation Number of accommodation units

unit

No.forR=1 No. for confidence = 95%

Hospital Bed - -
Care home Bed 5 =
Scheol Bed 48 —
(residential)
Place of lawful Bed 5 6
detention
Hotel and Room = —
Boarding house
Hall of Room 23 -
residence
Hostel Room 1 1
Multi-storey car | Parking space = -
park
Block of flats Fist 7 13

Note: *--“means that the specifiad cost-benefit ratio or confidence level couid not be achieved, even with an

infinite number of accommodation units.
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Conclusions

It was not feasible to examine the risks of fire as a function of building height for buildings falling under
Approved Document B purpose groups 2(a) — residential (institutional), 2(b) — residential (other) and 7(b) —
{car parks), since, unlike blocks of flats, data on the number of buildings of different heights was not
available.

However, it was possible to determine the number of beds or rooms or parking spaces, as appropriate, for
these different building types and therefore, it was decided to use the "accommodation unit” as the basis for
the cost benefit analysis.

This cost benefit analysis assumed the following:

The risk for a building was assumed to be proportional to the number of accommodation units it
contained.

Risk was not explicitly a function of building height {based on findings, see Appendix C).

Sprinkler system costs were calculated on the basis that the buildings are fully sprinkler protected
in accordance with AD B and BS EN 12845 or BS 9251, as appropriate (with permitted exceptions).

Water supply costs assumed a pump and tank was provided, with costs shared over the
accommodation units within the building. Costs for a boosted mains option were also provided.

Additional charges that could be imposad by water companies (&.g. design checking) were not
included.

Sprinkler effectiveness was estimated on the basis of the reduction in fire area {(Note. The
retationship between fire area and risk is non-linsar).

The reliability of the sprinkler system was assumed 1o be 98% 1 0.5%.
Life safety henefils were valued according to the principles laid out in the Treasury Green Book.

Property damags was valuad accerding to the data presented in the DCLG report “The Economic
Cost of Fire 20047, uprated [o current prices in line with the Retail Price Index.

Environmental impacts and sustainability were not included. The omission of thase factors was not
expected to make a significant difference to the conclusions.

Any cost savings rasulting from less onerous reguirements for building managemeant were not
included. Howaver, anilluslrative example was provided for care homes.

Future trends in fire risks were not considerad.

The conclusions of this study are:

]

The foliowing builting lypes would be expected to experience a net cost banegiil from the
ingtaliation of sprinklers for buildings much less than 10 storeys (30 m) in height:

o Care homes
o Plsces of lawful detention
o Hostels
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o Blocks of flats (comparison control group).

s The following building types could experience a net cost benefit from the installation of sprinklers
for buildings above 10 storeys (30 m) in height, although this conclusion is not particularly rocbust
{confidence level below 95%);

o Residential accommodation for boarding schools
o Halls of residence

s The following building types would be unlikely to experience a net cost benefit from the installation
of sprinklers, even in buildings above 10 storeys (30 m} in height:

o Hospitals
o Hotels and boarding houses
o Multi-storey car parks.

These conclusions were further supported by the sensitivity analysis which assumed the highest possible
effectiveness for sprinkler mitigation of fire consequences. The uncertainties in sprinkler effectiveness for
the reduction in deaths and injuries were generally very large. However, the sensitivity analysis showed that
the cost benefit results were not greatly influenced by the effectiveness in reducing deaths and injuries.
Most of the benefit from sprinkler protection arose from property protection.

ft is possible that, dapendent on the specific circumstances of a building design, sprinkiers could be cost
beneficial for some cases where they would nol be for a generic building. The converse is also true.

This cost benefit analysis concentrates solely on sprinklers and does not consider other fire protection
measuras which may or may not be more cost effective, according te circumstances.
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Appendix A — Summary of the Research

Building Regulations Division, Department for Communities and Local Government (DCLG) commissioned
BRE to carry out a project titled “Compartment sizes, resistance to fire and fire safety’. The main aim of
this project was to produce robust evidence and data based on research, experimental fire testing,
computer modelling and laboratory testing, where necessary, on a number of linked work streams in
relation to fire safety and associated provisions in Schedule 1 of Part B of the Building Regulations 2010.

This Final work stream report describes the findings of the research for Work stream 5 — Sprinkler
provisions. The principal aim of this work stream was to produce robust evidence and data to explore the
options for fire sprinklers in tall buildings above 30 m not currently requiring sprinklers,

The work conducted under this work stream was predominantly desk-based and has involved input data
gathering and cost benefit analysis modelling. This work stream has also involved the participation of an
industry Steering Group.

Based on the assumptions dstailed in the report, the conclusions of this study are:

+ The following building tvpes wouid be expected to experience a net cost benefit from the installation of
sprinklers for buildings much less than 16 storeys (30 m) in height: Care homes, Places of lawful
datention, Hostels and Blocks of flats {comparisen control group).

« The following building types could axperience a net cost benafit from the installation of sprinkiers for
buildings above 10 storeys (30 m) in height, although this conclusion is not particulary robust
{confidance level balow 85%). Residential accommodation for bearding schools and Halls of residence.

+ The following building types wouid be unlikely to experience a net cost benefit from the installation of
sprinklers, even in buildings above 10 storeys (30 m) in height: Hospitais, Hotels and boarding houses
and Multi-storey car parks.

These conclusions were further supported by the sensitivity analysis which assumed the highest possible
effectiveness for sprinkler mitigation of fire conseguences. The uncertainties in sprinkier effectiveness for
the redustion in deaths and injuries were generally very large. However, the sensitivity analysis showed that
the cost benefit rasults weare not greatly influenced by the effectiveness in reducing deaths and injuries.
Most of the benefit from sprinkler protection arese from property protection.

Itis possible thal, dependent on the spedific circumstances of a building design, sprinklers could be cost
bengficial for some cases where they would not ke for a generic buiiding. The converse is also true.

This cost benefit analysis concentrates solely on sprinklers and does not consider other fire protection
rmeasures which may or may not be more cost effective, according to circumstancas.
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Appendix B — Input data to the cost benefit analysis

B1 Cost of sprinkler installation
For this study, the costs of sprinkler installations were provided by earlier data, as follows:
o CFOA report [B1], for sprinkler systems for residential and domestic buildings

s BAFSA 2006 report [B2] for sprinkler systems for commercial buildings, coupled with advice from
BSA [B3], that prices had effectively been frozen (falling in real terms) since 2010.

Table B1 summarises the sprinkler installation costs that were used.

European standard BS EN 12845 [B4] is the principal standard used in the UK for the design, installation
and maintenance of automatic sprinkler systems for commercial and industrial buildings. British Standard
BS 9251 is the principal standard used in the UK for the design, installation and maintenance of automatic
sprinkler systems for domestic and residential occupancies. The most recent version of BS 9251 was
published in 2014 but the cost data is for BS 9251: 2005 [B5].

This cost benefit analysis assumes that buildings are fully sprinkler protected in accordance with AD B and
B3 EN 12845 2004 or BS 9251; 2005, as appropriate (with permitted exceptions).
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Table B1 - Sprinkler system installation costs

Hospital Bed BS EN 12845, GH1 £5,184 £ £468 1,2,3,9
Care home Bed BS 9251 £715 £ £156 4,10
School (residential) | Bed BS 9251 £356 + £78 5,10
Place of lawful Bed BS EN 12845, OH1 £320 £ £29 10, 12, 13
detention

Hotel and Boarding | Room BS EN 12845, GH1 £960 + £88 1,2,6,9
house

Hall of residence Room BS 9251 £715 £ £156 7,10
Hostel Room BS 9251 E715 £ £156 7,10
Multi-storey car Parking space BS EN 12845, GH2 £961 £ £127 1,2,8 11
park

Block of flats Flat BS 8251 EBZ0 £ £124 4,16
Motes

1. Data from BAFSA report [B2], Ordinary Hazard sprinkler system cost per m” in 2004 is £27 - £37
2. Uprate by x1.2 for 2010 prices

3. Assume 135 m° per bed basad on for example, Hospital A [B&] has 410 bads in 65,000m°, 159 m”
per bed, Hospital B [B6] has 179 beds in 15,000 m°, 84 m? per bad and Hospital C [B&] has 800
beds in 72,000 r’r12, 120 m? par bed, Worcestershire Royal Hospital [B7] has 550 beds in 38,000 r’r12,
eom* per bed |, Great Wastarn Hospital [B8] has 412 beds in 55,000m" of space, 133 m® per bed,
Royal London Hospilal [BS] has 727 beds in 145,300 m? of floor space, 200 e per bad.

4. Data from CFOA report [B1].
5. Assume similar costs to care homes, but two Heds per room

8. Assume 25 m’ per room based on [B10]. This does not include circuiation space, catering,
assembly rooms, st

7. Assumad the same as cars homes {though could slso have assumed same as flats)
8. Average size of g parking space has beentaken as 24.0x 2.3 m* [B11]

9. Data for sprinkier system in accordance with BS EN 12845: 2004 [B4] Ordinary Hazard Group 1
(OH1)

10. Data for sorinkier system in acoordance with BS 9231: 2005 [BY]

Commearcial in confidence @ Building Research Establishment Lid 2015
Printed on envirenmenially friendly pager

CLG00006275/23

CLGUUUUUL T UJLo



24 Final Work Stream Report BD 2887 (D27V1) 286859

11. Data for sprinkler system in accordance with BS EN 12845: 2004 [B4] Ordinary Hazard Group 2

(OH2)

12. Place of detention: data from Hansard, 12 March 1926, part 15: “ideal minimum size” for single
person cell is 5.5 m>.

13. Assumed sprinkler costs higher (x 1.5) because density of heads {1 per cell ) is greater than that
required by standard for less compartmented buildings

B2 Cost of sprinkler system maintenance

The CFOA report [B1] provides sprinkler system maintenance cost data for domestic and residential
buildings. The BAFSA 20086 report [B2] provides sprinkler system maintenance cost data for commercial

bulldings.

Table B2 summarises the sprinkler system maintenance costs that were used.

Table B2 - Sprinkler system maintenance costs

Building type Sprinkler type Cost per sprinkler system | Notes
Hospital BS EN 12845, GH1 £863 £ £99 1,2,3
Care home BS 9251 £178 £ £13 4,5
School {residential} | BS 9251 £178 £ £13 8
Elace of lawful BS EN 12845, GH1 £883 £ £99 1,2,3
detention

Hotel and Boarding | BS EN 12845, OH1 £8683 £ £99 1,23
house

Hall of residence BS 9251 £178 £ £13 &
Hostel BS 9251 £111 £ £1 4,5
Multi-storey car BS EN 12845, OHZ £863 x £90 1,2,3
park

Block of flats BS 6251 £181 £ £36 4,5
Motes

1. Data from BAFSA report [B2], annual maintenance of system for “large schoal” in 2004 is £500 -

£750

2. Uprate by x1.38 to convert to 2014 prices from 2004

3. As a consistancy chack, the BAFSA report [B2] cuotas £750 - £1,500 annually {2004 prices) for a
targe warshouse or retail premises; uprating to 2013 prices gives £1,013 - £2,025. For the B3A
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report [B2], BAFSA guoted £1,250 for warehouses below 10,000m2, and £2,000 per annum for
larger buildings.

4. Data from CFOA report [B1] (2010 prices)

5. Uprate by x 1.15 to convert to 2014 prices from 2010

6. Assumed the same as care homes. The data for care homes presented in the CFOA report [B1]
was for moderately sized buildings of about 20 beds.

B3 Cost of sprinkler water supplies

The CFOA report [B1] provides cost data for water supplies for sprinkler systems for domestic and
residential buildings. The BAFSA 2006 report [B2] provides sprinkler installation cost data which includes
the cost of water supplies for sprinkler systems for commercial buildings.

Table B3 summarises the sprinkler system water supply costs that were used. It should be noted that none
of the costs in Table B3 include water company charges (e.g. for design checking, providing additional
mains connactions, setc.)

Table B3 - Sprinkler system water supply costs

Hospital BE EN 12845, Ok1 - 1
Care home BS 8251 £701 & £21 £3.526 + £683 2,5
School {residential} | BS 9251 £701 x £91 £3,526 x £683 8
Place of lawful BS EN 12845, OH1 EE = 1
detention

Hotel and Boarding | BS EN 12845, GH1 -- - 1
house

Hall of residense BS 9251 £701 + £91 £3,526 + £683 3
Hastel BG& 9251 £6579 + £55 £1,389 + £98 4,5
Multi-storey car BS EN 12845, OHZ -- - 1
park

Block of flats BS 9251 £577 + £69 £1,281 £ £116 2,5

MNotes

1. Included in the cost of instailation

2. CFOA report [B1] data {2010 prices)

3. Assumed same as care homes
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4. CFOA data for HMC (2010 prices) [B1] - it was assumed that a traditional HMO had on average six
bedsits per building.

5. Uprate by x1.15 to convert to 2014 prices from 2010

B4 Sprinkler system lifetime

Based on estimates by BAFSA [B12] and others [B13], the lifstime of the sprinkler system has been
assumed to be uniformly distributed between 40 and 50 years, i.e. U{40, 50).

B5 Capital recovery factor

If the amount of capital to be repaid is C, the annual payment 4 is given by
A=0K [Equation B.1]

Here, K is the Capital Recovery Factor.

The Present Value (PV) of the annual payment in yeary is

_ |
M )

A [Equation B.2]

The intarast rate »; recommended in the Treasury Graasn Book [B14] is 3.5%. For repeyment pariods of
more than 30 years, a rate of 3% is used after year 30,

The sum of the PV's over the repayment tarm £ must equal the capital sum (this is & restatement of
Eguation B1}, L.e.

¢ = EFLW [Equation B.3]

e
And hence K — 4,7 C.
For a repaymeant terrn equal to the lifetime of the sprinkler systam, K = G.043 = 0.001.
B6 Mumbers of accommodation “units”

FPrevious cost benefit studies of sprinkler systems in dwellings have treated each dwelling (house or fiat) as
an individual accommodation “unit”. For other residential occupancies, e.g. HMOs and care homes, the
building has been treated as the "unit”. However, it would be equally valid for the “unit” to be the number of
occupants, if this value is known, and the costs and fire risks can be expressad per person per year,

Table B4 shows the numbers of accommodation “Lnits”, with sources. used as input data for this study.
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Table B4 = Number of accommaodation units

Building type Accommodation “units” Notes
Number Unit
Hospital 148,440 £ 868 Beds 1
Care home 453,472 Beds 2
School (residential} 90,535 Beds 3
Place of lawful detention 87,712 Beds 4
Hotel and Boarding house 599,200 Rooms 56
Hall of residence 409,758 £ 1,306 Rooms 7
Hostel 38,534 Rooms 8
Multi-storey car park 280,000 £ 23,094 Spaces 9
Block of flats 4,142,000 + 69,462 Flats 10
Notes

1. Hospitals: the value guoted is the dailly number of beds opan {overnight and day only}, averaged
over Q1 2014115 and Q4 2013/14 [B13]

2. Care homes: there were 453,472 residential places in 18,378 residential care homes in England at
the end of March 2008 [B16]. As a consistency check, the CFOA report [B1] referrad to 18,200
homes in 2001, for whole UK {50 the (stest data implies an increase in provision of about 25%).

3. Bearding schools: 68,453 pupils board at schoois representad by the Independent Schoois Council
(dSCYIB17]. The 123C schools account for around 80 per cent of indapendently educated pupils. In
addition, there are 4,869 boarders in 37 state schools [B18].

4. Places of lawhil detention: usable operational capacity at 12.08.2014 [B19]
5. Hotels: 135,000 rooms in London, and 464,200 in other regions {B28]

8. Beoarding houses: data has not been found. it has been assumed the number of hotel rooms
includes boarding housas {or if not, does not significantly affect the total)

7. Halls of residence: number of sludents in inslitution-maintained propery or privale-seclor halls,
average for 2001/12 and 2012/13 [B21]. The number of rooms assumes one student per room.

8. Hostel: spgces available for single homeless people (Saptember to Dacembar 2013} [B22]

9. Car parks: 3 {o 4 million parking spaces in 17 to 20,000 non-residential car parks, 8% of which are
multi-storey [B23]

10. Fiats: numbers of purpose-built and converted flats in England, presented in CFOA report [B1]
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B7 Fire statistics

Data on the number of fires, deaths, and injuries, have been extracted from the Incident Recording System
(IRS) for the years 2002/10 to 2012/13 inclusive (four years) [B24]. This information is summarised in

Table B5. The uncertainties (error on the mean) are + one standard deviation.

Table B5 - Fires and casualties in different building types for a four-year period (2009/10 to 2012/13)

{IRS data)

Building type Fires Casualty fires Deaths Injuries
{severe/slight)

Hospital 3,220 100 0 72

Care home 3,843 315 15 152

School (residential) | 147 4 0 2

Place of lawful 1,810 198 0 84

detention

Hotel and Boarding | 1,544 a9 1 57

house

Hall of residence 1,834 85 O 42

Hostel 883 80 1 52

Multi-storey car 125 9 8] 4

park

Black of flats 43,984 6.486 202 3,938

As g consistancy chack, the fire statistics for 2003 to 2008 (FDR1 forms) prasented in the CFOA raport [B1]

WEre:!

» Care homes: 4,812 fires, 28 deaths and 452 injuries in four years {This gives reasonably geod
agreement, given the uncertainties, and alsc the death of 14 residents in the Rosspark fire of 2004

[B25] affects the results)

e Flats: 82,932 fires, 400 deaths and 17,464 injuries in four yvears (UK rather than England, but aven
S0, the values are roughly double the values from the IRS data)

e Note the total numbers of gl injuries, including first aid and precautionary checks, are 431 and
8,695 for care homes and flats, respectively, in the RS data
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B8 Fire risks

By combining the numbers of accommodation “units” and the fire statistics, estimates of the risk can be
made. These are summarised in Table BB.

Table B6 - Fire risks in different accommodation “units”

Building type Fires per million Deaths per million Injuries per million
unit.years unit.years unit.years

Hospital 5425 + 96 2 + 0.2 122 + 12

Care home 2119 + 34 2 + 05 84 + 5

School (residential) | 409 + 34 3 + 2 7 + 3

Place of lawful 5161 £ 121 3 + 0.2 240 x 17

detention

Hotel and Boarding | 645 + 16 0.4 + 0.04 24 + 3

house

Hall of residence 1120 t 286 0.6 + 0.07 26 + 3

Hostel 6384 204 7 E 341 + 36

Multi-storey car 113 £ 10 1 + 03 4 + 1

park

Rlack of flats 2855 = 13 12 r 0.2 238 x 3

Note. The “accommodation unifs” may be different {e.g. beds, rooms, parking spaces, or flats) and
therefore care should be taken in comparing risks across different building types.

As a consistency check, the CFOA report [B1] presented the following results:

» Care homes for the elderly: 2,443 fires, 18 deaths and 265 injuries per million cccupants per year
(Mota. The time period considered in the CFOA report included the Rosepark care home fire [B24]
with 14 fatalities).

»  Purpose-buiit flais: 4,306 fires, 20 deaths and 895 injuries per million flats per year.

«  Note. The lotal risks for all injuries per million unibyears, including first aid and precautionary
checks, are 238 and 525 for care homes and flats, respectively, in the [RS data,
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B9 Environmental impact

The subject of fire and the environment and building sustainability is wide ranging and covers a large
number of issues. A scoping study for DCLG [B26] has shown that it is far from clear that any form of fire
protection that is applied to the building stock through the application of the Building Regulations can have
anything other than a negative environmental impact, although for a few fire protection systems this will not
be the case i.e. some systems may have a net benefit to the environment. The scoping study concluded
that it was not possible, with the state of knowledge at the time, to recommend any particular course of
action other than further directed research. Potential areas of further work were identified.

A cost benefit analysis for Welsh Government for residential sprinklers in Wales [B27] included an estimate
for the carbon dioxide (CO,) released in dwelling fires. This was converted to monetary terms using the
non-traded cost of carbon, which was about £50 - £100 per tonne. The amount of CO; release avoided as
a consequence of providing sprinklers in all new dwellings in Wales was shown to be equivalent to that
released by the normal activities of just two people. The monetary saving was 0.05% of the Net Present
Value of the sprinkler systems {calculated for a 10-year policy evaluation pericd). Note that this study for
the Welsh Government only considered COs releass; none of the other environmental factors were
considered.

A study into the costs and benefits of sprinklers in warehouses for the Business Sprinkler Alliance [B28]
included an investigation into some envircnmental aspects. A detailed life-cycle analysis (LCA) was
undertaken for the construction of an exemplar 15,000 m? warehouse; this included the environmental
impacts of providing the sprinkler system. Altempis were aiso made {0 estimate the environmental impacts
of the fire and ocked atf the CO, released from burning of the warehouse sontenis, CO,; embaodied in the
replacement of the contents (and the warshouse teo, if it was sufficiently damaged te require demaiition
and rebuilding), and the use of water for fire-fighting. Gonverted to monetary terms, the environmental
impact accounted for 1% - 4% of the overall cost of fires (which were dominated by the losses due fo
property damage).

The state of the art in relation to ervironmental impacts of fires is still developing and due to a lack of the
refevant data, we are stili unable to provide a robust or comprahensive estimats of the overall
srvironmental impact of fires and fire protection. Based on the experience gained from the studies
mentioned above and the data that is available, the environmental impacts are small, relative to other fire
impacts. As such, for the purpeses of the cost benefit analysis prasantaed in this raport, the envircnmentsl
impacls have nol been included.

B10 Sprinkler effectiveness

Most domestic and residential buildings in England are not fitted with sprinkiers, so there is a dearth of
statistics that can be used directly 1o estimate the effectiveness of sprinklers in reducing deaths, injuries
and property damage. For this reason, a correlation betwean fire area and fire risk is looked for, and the
assumption is made that reducing the fire area (due to sprinkler activation] leads to a conseguent reduction
in risk.
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Table B7 - Estimated sprinkler effectiveness in different building types for a four-year period
{2009/10 to 2012/13) {IRS data)

Building type Reduction in deaths Reduction in injuries | Reduction in fire area
(%) (%} (%)

Hospital 15 + 36 1+2 94+ 3

Care home 41 £33 12+ 19 94 +3

School (residential) 46 + 44 53 & 37 97 + 1

Place of lawful 64 + 48 27+ 27 86+8

detention

Hotel and Boarding 52 £ 50 54 +15 98 £ 1

house

Hall of residence 3041 32+20 92+3

Hostel 43 £ 28 7114 94 + 2

Multi-storey car 41 = 39 73128 89+5

park

Block of flats 758 58+ 14 932

MNotes.

1. The methodology used to determine the effectiveness is similar to that used in the CFOA report
[B1}], though based on different data (IRS 2008 — 2013 rather than FDR1 2003 — 2008).

2. The smallest area of fire damage recorded in the IRS is “under 5 m?. The sprinkler effactivaness
can be estimated on the basis that fires which would otherwise grow larger are constrained 1o this
area, and the fire risks are similarly constrained. The sprinkler effectiveness is defined ag 1 -
MNisprdN(unspe) where N(spr) is the number of dealhs, injuries, or m? damage expectad for
sprinklerad fires, and N{unspr} is the observed number for unsprinkiered fires.

3. Asthe smaliest area of fire damags has a large range, it is nacessary to make a better estimats of
the average area of fires in this category. This is done by fitting & power iaw to the Cumulative
Frobability Distribution for the number of fires whose area is less than A, for the size categoriss
“under 5m*, 5~ 10 m™, “10 - 20 m™. This powsr law has the form N(A) = a. A", With some
slgebra it can be shown thet the average area of fires in the “under & m e category is S.bf{b+ 1)

4. Previous research [B1] estimated the fire area at which the first sprinkler would operate; this was
approximately Normally-distributed with a mean of 0.3 m?® and standard deviation of 0.1 m°.

5. The sprinkler effectiveness caloulated as per nole 2 applies for an average area calculated as per
nole 3. Thersfore, the sprinklier effectivencss at the actual area of sprinkler activation could be
caicuialed by interpolation {since the effectiveness would by definilion be 100% il the fire area
could be reduced to zerg),
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6. The sprinkler reliability, assumed to be Normally-distributed with a mean of 98% and standard
deviation of 0.5% as per the CFCA report [B1], was factored into the effectiveness values
presented in the table.

7. Monte Carlo and Bootstrap Sampling techniques were used to estimate the uncertainty levels.
As a consistency check, the CFOA report [B1] presented the following results:

s For care homes for elderly people, sprinklers reduced deaths by 62%, injuries by 73% and property
damage by 86%.

s For purpose-built flats, sprinklers reduced deaths' by 80%, injuries by 61% and property damage
by 88%.

» For converted flats, sprinklers reduced deaths by 95%, injuries by 86% and property damage by
92%.

The effectiveness of sprinklers in reducing property damage is directly proporticnal to the fire area.

B11 Value of each death prevented

The Department of Transport figure, used in the Treasury Green Book [B14] and Economic Cost of Fire
2004 [B26] was £1,350,000. This needs to be converted to a valug in 2014, by multiplying by the increase
in GDP from 2004 to 2010, a factor of 1.23, and then by a further factor 1.05 {0 increase from 2010 to 2014,
Therefore, the valug in 2014 is calculated o be £1,778,000,

B12 Value of each injury prevented

The Bepartment of Transport figure, used in the Treasury Green Book [B14] and Esonomic Cost of Fire
2004 [B286], for a serious injury was £155,000, and fer a minor injury was £12,600. Uprated to 2014, the
values are £200.4K and £15.5k, respectively. The IRS dsfines whether injuries are sericus, slight, requiring
first aid only, or precauticnary check advisad. The monetary consequences of the latter bwoe categories
have been assurmed (o be negligible.

The weighted average value of each serious or slight fire injury prevented was £41,680.
B13 Value of property damage in a fire

in the Economic Cost of Fire 2004 [B28], the average value of property damage in dwellings was £7,300,
and in commercial buildings the average value was £27,700. In order to sonvert 1o 2014 prices, these
values should be multiplied by a factor of 1.38 to account for the rise in RPI {not GDP}. Therefore, property
damaga in dwellings is estimated tc be on average £10,075 (current prices}, and £38,226 in commergial
buildings.

Note. According to the Association of British Insurers [B30], property damage in commercial buildings in
2004 was significantly lower than in othar years in the pericd 2000 to 2008. However, dwelling fire losses
did not show a matching dip.

"The apparently large difference between the valus of sprinkler effectiveness in preventing death in Table
B7 and the valus in the CFOA report may be explained in part by the use of differant data seis (IRS and
FDR1 respectively), the fact that the FDR1 data categorised the area of fire damage more precisely, and
randem variations due to finite sample sizes.
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It has been assumed that, with the exception of flats, all other building types would have losses in
accordance with the average commercial rate. There would probably be a large uncertainty due to applying
this “one size fits all” value (which also includes e.g. retail buildings, industrial buildings, warehouses) to the
disparate range of building types considered in this study; however it has not been possible to quantify this
uncertainty.

B14  Sprinkler system reliability

The reliability is defined as the probability that a sprinkler system will activate, given that the fire generates
sufficient heat to activate a sprinkler head. It has been assumed that the reliability was normally distributed,
N(0.98, 0.005).

This reliability figure assumes that the sprinkler system is maintained according to the appropriate standard.
If maintenance is neglected, it would be likely for the reliability to decrease, but the extent of the effect is
unknown.

B15 Sprinkler system activation

Following the method of the CFOA report [B1], the fire area (mz) at the time of sprinkler activation was
taken to be Normally distributed, N(0.3, 0.1).

B16 Management cost savings with sprinklers

In some cases (e.g. care homes), having sprinklers may enable a skelston staff o be provided during the
right time. The report for Work stream 7 of this project guoted an average annual salary of £27,000, based
on 220 working days of 7.5 hours each. An overhead of 30% was added. On this basis, the costs of
providing one extra member of staff for 12 hours a day for 365 days per year would be £93,000. This figure
is provided for illustrative purposes only, and has not been includad in the cost benefit calculations.

MNote. The Work stream 7 report aiso guoled an altermative (higher) value for slaff tme (o refled charge-out
rates, i.e. lost earning potential when sopending ime on nan-fee saming aclivities such as lraining. That
rate would not be applicable for this situation.

Rehousing costs and other community disruption costs for buildings without sprinkler systems instalied are
cutside the scope of this work and in some circumstances these couid be a significant factor, for exampie,
rehousing costs borng by housing associations.

B17 References for Appendix B

B1. J Fraser-Milcheli and © Williams, Cost benefit analysis of residential sprinklers — Final report,
prepared for the Chief Fire Officers Association, March 2012.

B2. British Automatic Fire Sprinkier Association, Sprinklers for Safety — Uses and banefits of
incorporating sprinkiers in buildings gnd structures, a report by Arup Fire, 2008,

B3. A Brinson, BSA advice, reported in Jd Fraser-Mitchell, © Abbe and C Williams, An environmental
impact and cost benefit analysis for fire sprinklers in warehousse buildings - Final report, prepared for
tha Business Sprinkler Alliance, Decamber 2013.

B4. British Standards Institution, BS EN 12845; 2004 + AZ2:2009. Fixed firefighting systems. Automatic
sprinkler systems. Design, instailation and maintenance, 2004,
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Appendix C — Risk as a function of building height

When a fire starts in a building, there is the potential for fire or smoke to spread to higher floors (spread to
lower floors is also possible but much rarer in practice). The risk of death or injury per fire might therefore
be expected to increase as the number of floors potentially affected rises. However, the IRS fire statistics
for 2009 to 2013 [C1] do not show any compelling evidence for such an increase. Figure C1 shows the
risks, for fires in all of the building types under consideration. Whilst there is scme evidence that the risk
from a fire on the top (or only) floor of the building (which by definition cannot affect a floor above} is
somewhat lower than other circumstances, there is no clear trend of increasing risk with increasing height
difference.

Risk of death or injury per thousand fires

140

120 +

ARCLNTRIE
I

g0 +—I

60

. =S
Ll El @ risk death
J_ B Wrisk injury

Number of deaths or injuries per thousand fires

20

0 &
0

¢¢**§§§§§§{}$$}%

Height difference between top floor and fire floor {storeys})

Figure C1 - Risk of death or injury per thousand fires, as a function of the height difference between
the floor of fire origin and the top floor of the building

Data are available, from the English House Condition Survey [C2] for the numbers of flats in buildings of
different heights. The risks per flat can therefore be estimated. See Tables C1 to C3.
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Table C1 - Fires and casualties in flats, annual average 2009/10 to 2012/13 (IRS data)

Building type Number of flats Fires Deaths Injuries
{severe/slight)

Flats (1-3 storeys) | 2,328,828 5940 26 550

Flats (4-10 storeys) | 756,193 2019 9 176

Flats (11+ storeys) | 161,598 1020 8 80

Table C2 - Likelihood and risk from fire per flat, annual average 2009/10 to 2012/13 (IRS data)

Building type Fires per million Deaths per million Injuries per million
unit.years unit.years unit.years

Flats (1-3 storeys) | 2551 £+ 310 11 + 4 236 + 32

Flats (4-10 storeys) | 2669 + 247 11 + 3 232 + 46

Flats {11+ storeys) | 6309 + 1298 48 + 33 492 + 117

Table C3 - Risk of death and injury per fire, annual average 2003/10 to 2012/13 {IRS data}

Building type Deaths per thousand Injuries per thousand
fires fires

Flals (1-3 sloreys) | 4.3 18 93 r 17

Flats (4-10 storeys) | 4.2 = LG 87 19

Flats {11+ storeys} | 7.8 2 54 78 + 24

These results show that there is an increase in risk per flat as the building height increases, but that this is
due to an incressed likelinood of fire in taller buildings, and not an increased conseqguence par fire.

it has been suggested by members of the steering group that fires on higher ficors would be more risky due
to the increased time required for Fire and Rescue Services to get sufficient resources to the fire area {.e.
the fire floor, or the fleor below) in order o commence operations in accordanse with their fire fighting
procedures. Figure C2 shows the risk of death {per thousand fires) in fiats, against the height of the floor
where the fire started. There is some evidence for ingreased risk for fires above the 8" storey, but the
uncertainties arg very large. A constant risk level of about 5 deaths per thousand fires would also be
compatible with the data and the error bars. Figure C3 shows the risk of injury against the height of the firg
arigin. Here, there is no evidence for any ingrease in the risk of injury as the fire height increases.
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Figure C2 - Risk of death per thousand fires, as a function of the height of the floor of fire origin.
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Figure C3 - Risk of injury per thousand fires, as a function of the height of the floor of fire origin.
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Historically, high-rise flats have tended to be located in more socially-deprived areas (s.g. inner cities), and
the increased likelihood of fire may be linked with the social deprivation rather than the nature of the
building itself. Modern high-rise flats are often marketed as “luxury living®, so the link between the fire
likelihood and the building height may weaken in future years as the building stock changes.

For buildings other than flats, there would not appear to be any reason why the likelihood of fire (per
accommaodation “unit”) should vary with building height. If both the likelihood and consequences of fire are
constant per accommaodation “unit”, the risk per building would then be proportional to the number of
accommodation “units”.

C1 References for Appendix C

C1. Department for Communities and Local Government, Incident Recording System — Questions and
lists, Version 1.4 — (XML Schemas v1-0n), September 2009, ISBN: 978-1-4098-1864-9.

C2. K White, BRE, Private Communication, 2003 (Data from English House Condition Survey, reported in
Williams et al, The effectiveness of sprinklers in residential premises, BRE report 204505, 2004).
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Appendix D — Details of cost-benefit calculations for main analysis

This Appendix contains tabulated calculations of the cost-benefit ratio and uncertainty for each building
type, for n = 1 and n = infinity, where n is the number of "accommaodation units”. The Appendix also
contains the bottom line results for n = 10, 100 and 1,000.

Flats: n = 1 flat
PROPERTY TYPE: Flats
average uncertainty  net effect

Capital Cost of System {(per unit) £620 £124 0.00
Water supply/storage {per unit) £1,291 £116 0.00
Capital Recovery Factor 0.043 0.001 0.00
Annual Cost of Loan £81.71

Annual Inspection Cost £181 £36 0.02
Total Annual Cost £262.71

Deaths per Million Units 12 0 0.00
Sprinkler Effectiveness Factor 0.76 0.08 0.01
Deaths saved per Million Units 9

Monetary Value per Death Saved £1,778,000 £0 0.00
Monetary Benefit per Single Unit £16.48

Injuries per Million Units 238 3 0.00
Sprinkler Effectiveness Factor 0.38 0.14 0.01
Injuries saved per Million Units 138

Monetary Value per Injury Saved £41,680 £0 0.00
Monetary Benefit per Single Unit £5.74

Fires per Million Units 2,655 13 0.00
Sprinkler Effectiveness Factor 0.93 0.02 0.00
Unsprinklered property damage £10,075 £0 0.00
Reduced property damage per fire £9,370

Monetary Benefit per Single Unit £24.87

Total Monetary Benefit per unit £47.10

Benefit : Cost ratio 0.18 +/- 0.03
Confidence Level (ratio > 1) 0%
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Flats: n= 10 flats

Benefit : Cost ratio 0.94 +/- 0.13
Confidence Level (ratio > 1) 32%

Flats: n = 100 flats

Benefit : Cost ratio 1.63 +i- 0.31
Confidence Level (ratio > 1) 98%

Flats: n = 1000 flats

Benefit : Cost ratio 1.76 +/- 0.36
Confidence Level (ratic > 1) 98%
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Flats: n = <= flats

PROPERTY TYPE: Flats
average uncertainty  net effect

Capital Cost of System (per unit) £620 £124 0.36
Water supply/storage {per unit) £0 £0 0.00
Capital Recovery Factor 0.043 0.001 0.05
Annual Cost of Loan £26.51

Annual Inspection Cost £0 £0 0.00
Total Annual Cost £26.51

Deaths per Million Units 12 0 0.01
Sprinkler Effectiveness Factor 0.76 0.08 0.07
Deaths saved per Millien Units 9

Monetary Value per Death Sawed £1,778,000 £0 0.00
Monetary Benefit per Single Unit £16.48

Injuries per Million Units 238 3 0.00
Sprinkler Effectiveness Factor 0.58 0.14 0.05
Injuries sawed per Million Units 138

Monetary Value per Injury Saved £41,680 £0 0.00
Monetary Benefit per Single Unit £5.74

Fires per Million Units 2,655 13 0.00
Sprinkler Effectiveness Factor 0.93 0.02 0.02
Unsprinklered property damage £10,075 £0 0.00
Reduced property damage per fire £9,370

Monetary Benefit per Single Unit £24.87

Total Monetary Benefit per unit £47.10

Benefit : Cost ratio 1.78 +/- 0.37
Confidence Level (ratio > 1) 98%
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Hospital: n = 1 beds

PROPERTY TYPE: Hospital
average uncertainty  net effect

Capital Cost of System {per unit) £5,184 £468 0.00
Water supply/storage {per unit) £0 £0 0.00
Capital Recovery Factor 0.043 0.001 0.00
Annual Cost of Loan £221.65

Annual Inspection Cost £863 £99 0.02
Total Annual Cost £1,084.65

Deaths per Million Units 2 4] 0.00
Sprinkler Effectiveness Factor 015 0.36 0.00
Deaths saved per Million Units 0

Monetary Value per Death Saved £1,778,000 £0 0.00
Monetary Benefit per Single Unit £0.45

Injuries per Million Units 122 12 0.00
Sprinkler Effectiveness Factor 0.01 0.02 0.00
Injuries saved per Million Units 1

Monetary Value per Injury Saved £41,680 £0 0.00
Monetary Benefit per Single Unit £0.05

Fires per Million Units 5,425 98 0.00
Sprinkler Effectiveness Factor 0.94 0.03 0.01
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £35,932

Monetary Benefit per Single Unit £194.92

Total Monetary Benefit per unit £195.43

Benefit : Cost ratio 0.18 +/- 0.02
Confidence Level (ratio > 1) 0%
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Hospital: n = 10 beds

Benefit : Cost ratio 0.63 +/- 0.05
Confidence Level (ratio > 1) 0%
Hospital: n = 100 beds

Benefit : Cost ratio 0.85 +i- 0.08
Confidence Level (ratio > 1) 4%

Hospital: n = 1000 beds

Benefit : Cost ratio 0.88 +i- 0.09
Confidence Level {ratio > 1) 9%
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Hospital: n = = beds

PROPERTY TYPE: Hospital
average uncertainty  net effect

Capital Cost of System (per unit) £5,184 £468 0.08
Water supply/storage {per unit) £0 £0 0.00
Capital Recovery Factor 0.043 0.001 0.03
Annual Cost of Loan £221.65

Annual Inspection Cost £0 £0 0.00
Total Annual Cost £221.66

Deaths per Million Units 2 0 0.00
Sprinkler Effectiveness Factor 0.15 0.36 0.00
Deaths saved per Million Units 0

Monetary Value per Death Saved £1,778,000 £0 0.00
Monetary Benefit per Single Unit £0.45

Injuries per Million Units 122 12 0.00
Sprinkler Effectiveness Factor 0.01 0.02 0.00
Injuries saved per Millien Units 1

Monetary Value per Injury Saved £41,680 £0 0.00
Monetary Benefit per Single Unit £0.05

Fires per Million Units 5,425 96 0.02
Sprinkler Effectiveness Factor 0.94 0.03 0.03
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £35,032

Monetary Benefit per Single Unit £194.92

Total Monetary Benefit per unit £195.43

Benefit : Cost ratio 0.88 +- 0.09
Confidence Level (ratio > 1) 9%
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Care home: n=1 bed

PROPERTY TYPE: Care Home
average uncertainty  net effect

Capital Cost of System {per unit) £715 £156 0.00
Water supply/storage {per unit) £3,526 £683 0.02
Capital Recovery Factor 0.043 0.001 0.00
Annual Cost of Loan £181.33

Annual Inspection Cost £178 £13 0.01
Total Annual Cost £359.33

Deaths per Million Units 8 4] 0.00
Sprinkler Effectiveness Factor 0.4 0.32 0.0
Deaths saved per Million Units 3

Monetary Value per Death Saved £1,778,000 £0 0.00
Monetary Benefit per Single Unit £6.05

Injuries per Million Units 84 3 0.00
Sprinkler Effectiveness Factor 0.12 0.19 0.00
Injuries saved per Million Units 10

Monetary Value per Injury Saved £41,680 £0 0.00
Monetary Benefit per Single Unit £0.42

Fires per Million Units 2,119 34 0.00
Sprinkler Effectiveness Factor 0.94 0.03 0.01
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £35,932

Monetary Benefit per Single Unit £76.15

Total Monetary Benefit per unit £82.61

Benefit : Cost ratio 0.23 +/- 0.03
Confidence Level (ratio > 1) 0%
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Care home: n = 10 beds

Benefit : Cost ratio 1.30 *+/- 0.18
Confidence Level (ratio > 1) 96%
Care home: n = 1000 beds
Benefit : Cost ratio 2.44 +/- 0.51
Confidence Level (ratic > 1) 100%
Care home: n = 1000 beds
Benefit : Cost ratio 2.67 +/- 0.61
Confidence Level {ratio > 1) 100%
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Care home: n = = beds

PROPERTY TYPE: Care Home
average uncertainty  net effect

Capital Cost of System (per unit) £715 £156 0.59
Water supply/storage {per unit) £0 £0 0.00
Capital Recovery Factor 0.043 0.001 0.08
Annual Cost of Loan £30.57

Annual Inspection Cost £0 £0 0.00
Total Annual Cost £30.57

Deaths per Million Units 8 0 0.01
Sprinkler Effectiveness Factor 0.41 0.32 0.15
Deaths saved per Million Units 3

Monetary Value per Death Saved £1,778,000 £0 0.00
Monetary Benefit per Single Unit £6.05

Injuries per Million Units 84 5 0.00
Sprinkler Effectiveness Factor 0.12 0.19 0.02
Injuries saved per Millien Units 10

Monetary Value per Injury Saved £41,680 £0 0.00
Monetary Benefit per Single Unit £0.42

Fires per Million Units 2,118 34 0.04
Sprinkler Effectiveness Factor 0.94 0.03 0.08
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £35,032

Monetary Benefit per Single Unit £76.15

Total Monetary Benefit per unit £82.61

Benefit : Cost ratio 2.70 +- 0.62
Confidence Level (ratio > 1) 100%
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Boarding school accommodation: n = 1 beds

Capital Cost of System {per unit)
Water supply/storage {per unit)
Capital Recovery Factor

Annual Cost of Loan

Annual Inspection Cost

Total Annual Cost

Deaths per Million Units
Sprinkler Effectiveness Factor
Deaths saved per Million Units
Monetary Value per Death Saved
Monetary Benefit per Single Unit

Injuries per Million Units
Sprinkler Effectiveness Factor
Injuries saved per Millicn Units
Monetary Value per Injury Saved
Monetary Benefit per Single Unit

Fires per Million Units

Sprinkler Effectiveness Factor
Unsprinklered property damage
Reduced property damage per fire
Monetary Benefit per Single Unit

Total Monetary Benefit per unit

Benefit : Cost ratio
Confidence Level (ratic > 1)

PROPERTY TYPE: Boarding School accommodation

average

£356
£3,526

0.043
£165.98

£178
£343.98

3
0.46
2
£1,778,000
£2.80

7
0.53
4
£41,680
£0.15

400
0.97
£38,226
£37,079
£15.15

£18.11

0.05
0%

uncertainty  net effect
£78 0.00
£683 0.00
0.001 0.00
£13 0.00
2 0.00
0.44 0.01
£0 0.00
3 0.00
0.37 0.00
£0 0.00
34 0.00
0.01 0.00
£0 0.00
+- 0.01
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50 Final Work Stream Report BD 2887 (D27V1) 286859

Boarding school accommodation: n = 10 beds

Benefit : Cost ratio 0.38 +/-
Confidence Level (ratio > 1) 0%

0.08

Bearding school accommeodation: n = 100 beds

Benefit : Cost ratio 0.98 +/-
Confidence Level {ratio > 1) 47%

0.25

Boarding school accommeodation: n = 1000 beds

Benefit : Cost ratio 1.16 +i-
Confidence Level (ratio > 1) 69%

0.33
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51 Final Work Stream Report BD 2887 (D27V1) 286859

Boarding school accommaodation: n = « beds

Capital Cost of System (per unit)
Water supply/storage {per unit)
Capital Recovery Factor

Annual Cost of Loan

Annual Inspection Cost

Total Annual Cost

Deaths per Million Units
Sprinkler Effectiveness Factor
Deaths saved per Million Units
Monetary Value per Death Saved
Monetary Benefit per Single Unit

Injuries per Million Units
Sprinkler Effectiveness Factor
Injuries sawed per Million Units
Monetary Value per Injury Saved
Monetary Benefit per Single Unit

Fires per Million Units

Sprinkler Effectiveness Factor
Unsprinklered property damage
Reduced property damage per fire
Monetary Benefit per Single Unit

Total Monetary Benefit per unit

Benefit : Cost ratio
Confidence Level (ratio > 1)

PROPERTY TYPE: Boarding School accommodation

average

£356
£0
0.043
£15.22
£0
£15.22

3
0.46
2
£1,778,000
£2.80

7
0.53
4
£41,680
£0.15

409
0.97
£38,226
£37,079
£15.15

£18.11

1.19
71%

uncertainty  net effect

£78 0.26
£0 0.00
0.007 0.04
£0 0.00
2 0.08
0.44 0.18
£0 0.00
3 0.00
0.37 0.01
£0 0.00
34 0.08
0.01 0.01
£0 0.00
+- 0.34
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52 Final Work Stream Report BD 2887 (D27V1) 286859

Place of lawful detention: n = 1 beds

PROPERTY TYPE: Place of lawful detention
average uncertainty  net effect

Capital Cost of System (per unit) £320 £29 0.00
Water supply/storage {per unit) £0 £0 0.00
Capital Recovery Factor 0.043 0.001 0.00
Annual Cost of Loan £13.68
Annual Inspection Cost £863 £69 0.02
Total Annual Cost £876.68
Deaths per Million Units 3 0 0.00
Sprinkler Effectiveness Factor 0.64 0.48 0.00
Deaths saved per Millicn Units 2
Monetary Value per Death Saved £1,778,000 £0 0.00
Mcnetary Benefit per Single Unit £3.28
Injuries per Million Units 240 17 0.00
Sprinkler Effectiveness Factor 0.27 0.27 0.00
Injuries saved per Million Units 65
Monetary Value per Injury Saved £41,680 £0 0.00
Mcnetary Benefit per Single Unit £2.71
Fires per Million Units 5,161 121 0.00
Sprinkler Effectivenass Factor 0.88 0.08 0.02
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £32 874
Mcnetary Benefit per Single Unit £169.68
Total Monetary Benefit per unit £175.64
Benefit : Cost ratio 0.20 +/- 0.03
Confidence Level {ratio > 1) 0%
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53 Final Work Stream Report BD 2887 (D27V1) 286859

Place of lawful detention: n = 10 beds

Benefit : Cost ratio 1.76 +/- 0.24
Confidence Level (ratio » 1} 100%

Place of lawful detention: n = 100 beds
Benefit : Cost ratio 7.87 +/- 0.95
Confidence Level (ratio > 1) 100%

Place of lawful detention: n = 1000 beds
Benefit : Cost ratio 12.08 +/- 1.58
Confidence Level (ratio > 1} 100%
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54 Final Work Stream Report BD 2887 (D27V1) 286859

Place of lawful detention: n = = beds

PROPERTY TYPE: Place of lawful detention
average uncertainty  net effect

Capital Cost of System (per unit) £320 £29 1.16
Water supply/storage {per unit) £0 £0 0.00
Capital Recovery Factor 0.043 0.001 0.38
Annual Cost of Loan £13.68
Annual Inspection Cost £0 £0 0.00
Total Annual Cost £13.69
Deaths per Million Units 3 0 0.02
Sprinkler Effectiveness Factor 0.64 0.48 0.18
Deaths saved per Millicn Units 2
Monetary Value per Death Saved £1,778,000 £0 0.00
Mcnetary Benefit per Single Unit £3.26
Injuries per Million Units 240 17 0.01
Sprinkler Effectiveness Factor 0.27 0.27 0.20
Injuries saved per Million Units 65
Monetary Value per Injury Saved £41,680 £0 0.00
Mcnetary Benefit per Single Unit £2.71
Fires per Million Units 5,181 121 0.29
Sprinkler Effectiveness Factor 0.86 0.08 1.15
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £32,874
Mcnetary Benefit per Single Unit £169.68
Total Monetary Benefit per unit £175.64
Benefit : Cost ratio 12.83 +i- 1.73
Confidence Level (ratio > 1) 100%
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55 Final Work Stream Report BD 2887 (D27V1) 286859

Hotel and Boarding House: n = 1 rooms

PROPERTY TYPE: Hotel & Boarding House
average uncertainty  net effect

Capital Cost of System (per unit) £960 £87 0.00
Water supply/storage {per unit) £0 £0 0.00
Capital Recovery Factor 0.043 0.001 0.00
Annual Cost of Loan £41.05
Annual Inspection Cost £863 £99 0.00
Total Annual Cost £904.05
Deaths per Million Units 0 0 0.00
Sprinkler Effectiveness Factor 0.52 0.50 0.00
Deaths saved per Millicn Units 0.2
Monetary Value per Death Saved £1,778,000 £0 0.00
Mcnetary Benefit per Single Unit £0.39
Injuries per Million Units 24 3 0.00
Sprinkler Effectiveness Factor 0.54 0.15 0.00
Injuries saved per Million Units 13
Monetary Value per Injury Saved £41,680 £0 0.00
Mcnetary Benefit per Single Unit £0.54
Fires per Million Units 645 18 0.00
Sprinkler Effectiveness Factor 0.98 0.01 0.00
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £37,461
Mcnetary Benefit per Single Unit £24.15
Total Monetary Benefit per unit £25.08
Benefit : Cost ratio 0.03 +i- 0.00
Confidence Level (ratio > 1) 0%
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56 Final Work Stream Report BD 2887 (D27V1) 286859

Hotel and Boarding House: n = 10 rooms

Benefit : Cost ratio 0.20 +/- 0.02
Confidence Level (ratio > 1) 0%
Hotel and Boarding House: n = 100 rooms
Benefit : Cost ratio 0.50 +/- 0.04
Confidence Level (ratio » 1} 0%
Hotel and Boarding House: n = 1000 rooms
Benefit : Cost ratio 0.60 + - 0.06
Confidence Level (ratio > 1} 0%
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57 Final Work Stream Report BD 2887 (D27V1) 286859

Hotel and Boarding House: n = =@ rcoms

PROPERTY TYPE: Hotel & Boarding House
average uncertainty  net effect

Capital Cost of System (per unit) £960 £87 0.06
Water supply/storage {per unit) £0 £0 0.00
Capital Recovery Factor 0.043 0.001 0.02
Annual Cost of Loan £41.05
Annual Inspection Cost £0 £0 0.00
Total Annual Cost £41.05
Deaths per Million Units 0 0 0.00
Sprinkler Effectiveness Factor 0.52 0.50 0.01
Deaths saved per Millicn Units 0.2
Monetary Value per Death Saved £1,778,000 £0 0.00
Mcnetary Benefit per Single Unit £0.39
Injuries per Million Units 24 3 0.00
Sprinkler Effectiveness Factor 0.54 0.15 0.00
Injuries saved per Million Units 13
Monetary Value per Injury Saved £41,680 £0 0.00
Mcnetary Benefit per Single Unit £0.54
Fires per Million Units 645 18 0.01
Sprinkler Effectiveness Factor 0.98 0.01 0.01
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £37,461
Mcnetary Benefit per Single Unit £24.15
Total Monetary Benefit per unit £25.08
Benefit : Cost ratio 0.61 +i- 0.06
Confidence Level (ratio > 1) 0%
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58 Final Work Stream Report BD 2887 (D27V1) 286859

Hall of residence: n = 1 rooms

PROPERTY TYPE: Hall of residence
average uncertainty  net effect

Capital Cost of System {per unit) £715 £156 0.00
Water supply/storage {per unit) £3,526 £683 0.01
Capital Recovery Factor 0.043 0.001 0.00
Annual Cost of Loan £181.33

Annual Inspection Cost £178 £13 0.00
Total Annual Cost £359.33

Deaths per Million Units 1 0 0.00
Sprinkler Effectiveness Factor 0.30 0.41 0.00
Deaths saved per Million Units 0.2

Monetary Value per Death Saved £1,778,000 £0 0.00
Monetary Benefit per Single Unit £0.33

Injuries per Million Units 26 3 0.00
Sprinkler Effectiveness Factor 0.32 0.20 0.00
Injuries saved per Millicn Units 8

Monetary Value per Injury Saved £41,680 £0 0.00
Monetary Benefit per Single Unit £0.35

Fires per Million Units 1,120 26 0.00
Sprinkler Effectiveness Factor 0.92 0.03 0.00
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £35,168

Monetary Benefit per Single Unit £39.37

Total Monetary Benefit per unit £40.05

Benefit : Cost ratio 0.11 +/- 0.01
Confidence Level (ratic > 1) 0%
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59 Final Work Stream Report BD 2887 (D27V1) 286859

Hall of residence: n = 10 rooms

Benefit : Cost ratio 0.63 +/- 0.08
Confidence Level (ratio > 1) 0%

Hall of residence: n = 100 rooms

Benefit : Cost ratio 1.18 +/- 0.24
Confidence Level (ratic > 1) 78%
Hall of residence: n = 1000 rooms

Benefit : Cost ratio 1.30 +/- 0.29
Confidence Level (ratioc > 1) 85%
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60 Final Work Stream Report BD 2887 (D27V1) 286859

Hall of residence: n = « rooms

PROPERTY TYPE: Hall of residence
average uncertainty  net effect

Capital Cost of System (per unit) £715 £156 0.29
Water supply/storage {per unit) £0 £0 0.00
Capital Recovery Factor 0.043 0.001 0.04
Annual Cost of Loan £30.57

Annual Inspection Cost £0 £0 0.00
Total Annual Cost £30.57

Deaths per Million Units 1 0 0.00
Sprinkler Effectiveness Factor 0.30 0.41 0.01
Deaths saved per Million Units 0.2

Monetary Value per Death Sawed £1,778,000 £0 0.00
Monetary Benefit per Single Unit £0.33

Injuries per Million Units 26 3 0.00
Sprinkler Effectiveness Factor 0.32 0.20 0.01
Injuries sawed per Million Units 8

Monetary Value per Injury Saved £41,680 £0 0.00
Monetary Benefit per Single Unit £0.35

Fires per Million Units 1,120 26 0.03
Sprinkler Effectiveness Factor 0.92 0.03 0.04
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £35,168

Monetary Benefit per Single Unit £39.37

Total Monetary Benefit per unit £40.05

Benefit : Cost ratio 1.31 +/- 0.29
Confidence Level (ratio > 1) 85%
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61 Final Work Stream Report BD 2887 (D27V1) 286859

Hostel: n = 1 room

PROPERTY TYPE: Hostel
average uncertainty  net effect

Capital Cost of System {per unit) £715 £0 0.00
Water supply/storage {per unit) £1,399 £98 0.02
Capital Recovery Factor 0.043 0.001 0.02
Annual Cost of Loan £90.39

Annual Inspection Cost £111 £1 0.01
Total Annual Cost £201.39

Deaths per Million Units 7 1 0.00
Sprinkler Effectiveness Factor 0.43 0.28 0.02
Deaths saved per Million Units 3

Monetary Value per Death Saved £1,778,000 £0 0.00
Monetary Benefit per Single Unit £5.01

Injuries per Million Units 341 36 0.00
Sprinkler Effectiveness Factor 0.07 0.14 0.01
Injuries saved per Millicn Units 24

Monetary Value per Injury Saved £41,680 £0 0.00
Monetary Benefit per Single Unit £0.29

Fires per Million Units 6,384 204 0.04
Sprinkler Effectiveness Factor 0.94 0.02 0.02
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £35,032

Monetary Benefit per Single Unit £229.39

Total Monetary Benefit per unit £235.40

Benefit : Cost ratio 117 +/- 0.06
Confidence Level (ratic > 1) 100%
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62 Final Work Stream Report BD 2887 (D27V1) 286859

Hostel: n = 10 rooms

Benefit : Cost ratio 4.94 *+/- 0.24
Confidence Level (ratio > 1) 100%

Hostel: n = 100 rocoms

Benefit : Cost ratio 7.29 +/- 0.37
Confidence Level (ratic > 1) 100%

Hostel: n = 1000 rooms

Benefit : Cost ratio 7.66 +/- 0.39
Confidence Level (ratioc > 1) 100%
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63 Final Work Stream Report BD 2887 (D27V1) 286859

Hostel: n = = rooms

PROPERTY TYPE: Hostel
average uncertainty  net effect

Capital Cost of System (per unit) £715 £0 0.00
Water supply/storage {per unit) £0 £0 0.00
Capital Recovery Factor 0.043 0.001 0.23
Annual Cost of Loan £30.57

Annual Inspection Cost £0 £0 0.00
Total Annual Cost £30.57

Deaths per Million Units 7 1 0.02
Sprinkler Effectiveness Factor 0.43 0.28 0.11
Deaths saved per Million Units 3

Monetary Value per Death Saved £1,778,000 £0 0.00
Monetary Benefit per Single Unit £3.01

Injuries per Million Units 41 36 0.00
Sprinkler Effectiveness Factor 0.07 0.14 0.07
Injuries saved per Million Units 24

Monetary Value per Injury Saved £41,680 £0 0.00
Monetary Benefit per Single Unit £0.99

Fires per Million Units 6,384 204 0.24
Sprinkler Effectiveness Factor 0.94 0.02 0.16
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £35,032

Monetary Benefit per Single Unit £229.39

Total Monetary Benefit per unit £235.40

Benefit : Cost ratio 7.70 +- 0.39
Confidence Level (ratio > 1) 100%
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64 Final Work Stream Report BD 2887 (D27V1) 286859

Multi-storey car park: n = 1 spaces

PROPERTY TYPE: Multi-Storey Car Park
average uncertainty  net effect

Capital Cost of System {per unit) £922 £83 0.00
Water supply/storage {per unit) £0 £0 0.00
Capital Recovery Factor 0.043 0.001 0.00
Annual Cost of Loan £39.40

Annual Inspection Cost £863 £99 0.00
Total Annual Cost £902.40

Deaths per Million Units 12 0 0.00
Sprinkler Effectiveness Factor 0.41 0.40 0.01
Deaths saved per Millicn Units 3

Monetary Value per Death Saved £1,778,000 £0 0.00
Monetary Benefit per Single Unit £3.89

Injuries per Million Units 4 1 0.00
Sprinkler Effectiveness Factor 0.73 0.28 0.00
Injuries saved per Millicn Units 3

Monetary Value per Injury Saved £41,680 £0 0.00
Monetary Benefit per Single Unit £0.12

Fires per Million Units 113 10 0.00
Sprinkler Effectiveness Factor 0.89 0.05 0.00
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £34,021

Monetary Benefit per Single Unit £3.83

Total Monetary Benefit per unit £12.84

Benefit : Cost ratio 0.1 +/- 0.01
Confidence Level (ratic > 1) 0%
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65 Final Work Stream Report BD 2887 (D27V1) 286859

Multi-storey car park: n = 10 spaces

Benefit : Cost ratio 0.10 +/- 0.07
Confidence Level (ratio > 1) 0%
Multi-storey car park: n = 100 spaces
Benefit : Cost ratio 0.27 +/- 0.18
Confidence Level (ratioc > 1) 0%
Multi-storey car park: n = 1000 spaces
Benefit : Cost ratio 0.32 +i- 0.22
Confidence Level (ratio > 1) 0%
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66 Final Work Stream Report BD 2887 (D27V1) 286859

Multi-storey car park: n = = spaces

PROPERTY TYPE: Multi-Storey Car Park
average uncertainty  net effect

Capital Cost of System (per unit) £922 £83 0.03
Water supply/storage {per unit) £0 £0 0.00
Capital Recovery Factor 0.043 0.001 0.01
Annual Cost of Loan £39.40

Annual Inspection Cost £0 £0 0.00
Total Annual Cost £39.41

Deaths per Million Units 12 0 0.00
Sprinkler Effectiveness Factor 0.41 0.40 0.22
Deaths saved per Millien Units 3

Monetary Value per Death Sawed £1,778,000 £0 0.00
Monetary Benefit per Single Unit £8.89

Injuries per Million Units 4 1 0.00
Sprinkler Effectiveness Factor 0.73 0.28 0.00
Injuries sawed per Million Units 3

Monetary Value per Injury Saved £41,680 £0 0.00
Monetary Benefit per Single Unit £0.12

Fires per Million Units 113 10 0.01
Sprinkler Effectiveness Factor 0.89 0.05 0.0
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £34,021

Monetary Benefit per Single Unit £3.83

Total Monetary Benefit per unit £12.84

Benefit : Cost ratio 0.33 +/- 0.22
Confidence Level (ratio > 1) 0%
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67 Final Work Stream Report BD 2887 (D27V1) 286859

Appendix E - Details of cost-benefit calculations for sensitivity analysis

This Appendix contains tabulated calculations of the cost-benefit ratio and the associated uncertainty for
each building type, for n=1 and n=infinity for the sensitivity analysis {(where sprinkler effectiveness = 100%).
The Appendix also contains the bottom line results for n=10, 100 and 1,000, where n is the number of
“accommodation units”

Flats: n = 1 flat
PROPERTY TYPE: Flats
average uncertainty  net effect

Capital Cost of System (per unit) £620 £124 0.00
Water supply/storage {per unit) £1,291 £116 0.00
Capital Recovery Factor 0.043 0.001 0.00
Annual Cost of Loan £81.71

Annual Inspection Cost £181 £36 0.03
Total Annual Cost £262.71

Deaths per Million Units 12 0 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Deaths saved per Million Units 12

Monetary Value per Death Saved £1,778,000 £0 0.00
Monetary Benefit per Single Unit £21.68

Injuries per Million Units 238 3 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Injuries saved per Million Units 238

Monetary Value per Injury Saved £41,680 £0 0.00
Monetary Benefit per Single Unit £9.90

Fires per Million Units 2,655 13 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Unsprinklered property damage £10,075 £0 0.00
Reduced property damage per fire £10,075

Monetary Benefit per Single Unit £26.75

Total Monetary Benefit per unit £58.33

Benefit : Cost ratio 0.22 +- 0.03
Confidence Level (ratio > 1) 0%
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68 Final Work Stream Report BD 2887 (D27V1) 286859

Flats: n= 10 flat

Benefit : Cost ratio 1.16 +- 0.15
Confidence Level (ratio > 1) 86%

Flats: n = 100 flat

Benefit : Cost ratio 2.02 +/- 0.38
Confidence Level (ratio > 1) 100%

Flats: n = 1000 flat

Benefit : Cost ratio 2.18 +/- 0.44
Confidence Level (ratio > 1) 100%

Commaercial in confidence

@ Building Research Establishment Lid 2015
Printed on environmentally friendly paper

CLG00006275/68

CLGUUUUUL T Uvuo



69 Final Work Stream Report BD 2887 (D27V1) 286859

Flats: n = <= flat

PROPERTY TYPE: Flats
average uncertainty  net effect

Capital Cost of System (per unit) £620 £124 0.44
Water supply/storage {per unit) £0 £0 0.00
Capital Recovery Factor 0.043 0.001 0.07
Annual Cost of Loan £26.51

Annual Inspection Cost £0 £0 0.00
Total Annual Cost £26.51

Deaths per Million Units 12 0 0.01
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Deaths saved per Million Units 12

Monetary Value per Death Saved £1,778,000 £0 0.00
Monetary Benefit per Single Unit £21.68

Injuries per Million Units 238 3 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Injuries saved per Millien Units 238

Monetary Value per Injury Saved £41,680 £0 0.00
Monetary Benefit per Single Unit £9.90

Fires per Million Units 2,655 13 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Unsprinklered property damage £10,075 £0 0.00
Reduced property damage per fire £10,075

Monetary Benefit per Single Unit £26.75

Total Monetary Benefit per unit £58.33

Benefit : Cost ratio 2.20 +/- 0.45
Confidence Level (ratio > 1) 100%
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70 Final Work Stream Report BD 2887 (D27V1) 286859

Hospital: n = 1 beds

PROPERTY TYPE: Hospital
average uncertainty  net effect

Capital Cost of System (per unit) £5,184 £468 0.00
Water supply/storage {per unit) £0 £0 0.00
Capital Recovery Factor 0.043 0.001 0.00
Annual Cost of Loan £221.65

Annual Inspection Cost £863 £99 0.02
Total Annual Cost £1,084.65

Deaths per Million Units 2 0 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Deaths saved per Million Units 2

Monetary Value per Death Saved £1,778,000 £0 0.00
Monetary Benefit per Single Unit £3.02

Injuries per Million Units 122 12 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Injuries saved per Millien Units 122

Monetary Value per Injury Saved £41,680 £0 0.00
Monetary Benefit per Single Unit £5.10

Fires per Million Units 5,425 a6 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £38,226

Monetary Benefit per Single Unit £207.37

Total Monetary Benefit per unit £215.49

Benefit : Cost ratio 0.20 +/- 0.02
Confidence Level (ratio > 1) 0%
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71 Final Work Stream Report BD 2887 (D27V1) 286859

Hospital: n = 10 beds

Benefit : Cost ratio 0.70 +/- 0.05
Confidence Level (ratio > 1) 0%

Hospital: n = 100 beds

Benefit : Cost ratio 0.94 +/- 0.09
Confidence Level (ratic > 1) 23%

Hospital: n = 1000 beds

Benefit : Cost ratio 0.97 +/- 0.09
Confidence Level (ratioc > 1) 7%
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72 Final Work Stream Report BD 2887 (D27V1) 286859

Hospital: n = = beds

PROPERTY TYPE: Hospital
average uncertainty  net effect

Capital Cost of System (per unit) £5,184 £468 0.09
Water supply/storage {per unit) £0 £0 0.00
Capital Recovery Factor 0.043 0.001 0.03
Annual Cost of Loan £221.65

Annual Inspection Cost £0 £0 0.00
Total Annual Cost £221.66

Deaths per Million Units 2 0 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Deaths saved per Million Units 2

Monetary Value per Death Saved £1,778,000 £0 0.00
Monetary Benefit per Single Unit £3.02

Injuries per Million Units 122 12 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Injuries saved per Millien Units 122

Monetary Value per Injury Saved £41,680 £0 0.00
Monetary Benefit per Single Unit £5.10

Fires per Million Units 5,425 a6 0.02
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £38,226

Monetary Benefit per Single Unit £207.37

Total Monetary Benefit per unit £215.49

Benefit : Cost ratio 0.97 +/- 0.09
Confidence Level (ratio > 1) 38%
Commaercial in confidence @ Building Research Establishment Lid 2015
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73 Final Work Stream Report BD 2887 (D27V1) 286859

Care home: n = 1 beds

PROPERTY TYPE: Care Home
average uncertainty  net effect

Capital Cost of System (per unit) £715 £156 0.01
Water supply/storage {per unit) £3,526 £683 0.02
Capital Recowery Factor 0.043 0.001 0.00
Annual Cost of Loan £181.33

Annual Inspection Cost £178 £13 0.01
Total Annual Cost £359.33

Deaths per Million Units 8 0 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Deaths saved per Million Units 8

Monetary Value per Death Saved £1,778,000 £0 0.00
Monetary Benefit per Single Unit £14.75

Injuries per Million Units 84 5 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Injuries saved per Millien Units 84

Monetary Value per Injury Saved £41,680 £0 0.00
Monetary Benefit per Single Unit £3.50

Fires per Million Units 2,119 34 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £38,226

Monetary Benefit per Single Unit £81.01

Total Monetary Benefit per unit £99.26

Benefit : Cost ratio 0.28 +/- 0.03
Confidence Level (ratio > 1) 0%
Commaercial in confidence @ Building Research Establishment Lid 2015
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74 Final Work Stream Report BD 2887 (D27V1) 286859

Care home: n = 10 beds

Benefit : Cost ratio 1.56 *+/- 0.19
Confidence Level (ratio > 1) 100%
Care home: n = 100 beds

Benefit : Cost ratio 2.93 +/- 0.59
Confidence Level (ratic > 1) 100%
Care home: n = 1000 beds

Benefit : Cost ratio Ky | +/- 0.70
Confidence Level (ratioc > 1) 100%

Commaercial in confidence

@ Building Research Establishment Lid 2015
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75 Final Work Stream Report BD 2887 (D27V1) 286859

Care home: n = = bed

PROPERTY TYPE: Care Home
average uncertainty  net effect

Capital Cost of System (per unit) £715 £156 0.71
Water supply/storage {per unit) £0 £0 0.00
Capital Recovery Factor 0.043 0.001 0.10
Annual Cost of Loan £30.57

Annual Inspection Cost £0 £0 0.00
Total Annual Cost £30.57

Deaths per Million Units 8 0 0.03
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Deaths saved per Million Units 8

Monetary Value per Death Saved £1,778,000 £0 0.00
Monetary Benefit per Single Unit £14.75

Injuries per Million Units 84 5 0.01
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Injuries saved per Millien Units 84

Monetary Value per Injury Saved £41,680 £0 0.00
Monetary Benefit per Single Unit £3.50

Fires per Million Units 2,119 34 0.04
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £38,226

Monetary Benefit per Single Unit £81.01

Total Monetary Benefit per unit £99.26

Benefit : Cost ratio 3.25 +/- 0.72
Confidence Level (ratio > 1) 100%
Commaercial in confidence @ Building Research Establishment Lid 2015
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76 Final Work Stream Report BD 2887 (D27V1) 286859

Schoal (residential): n = 1 beds

Capital Cost of System (per unit)
Water supply/storage {per unit)
Capital Recovery Factor

Annual Cost of Loan

Annual Inspection Cost

Total Annual Cost

Deaths per Million Units
Sprinkler Effectiveness Factor
Deaths saved per Million Units
Monetary Value per Death Saved
Monetary Benefit per Single Unit

Injuries per Million Units
Sprinkler Effectiveness Factor
Injuries saved per Millien Units
Monetary Value per Injury Saved
Monetary Benefit per Single Unit

Fires per Million Units

Sprinkler Effectiveness Factor
Unsprinklered property damage
Reduced property damage per fire
Monetary Benefit per Single Unit

Total Monetary Benefit per unit

Benefit : Cost ratio
Confidence Level (ratio > 1)

PROPERTY TYPE: Boarding School accommodation

average

£356
£3,526

0.043
£165.98

£178
£343.98

3
1.00
3
£1,778,000
£6.10

7
1.00
7
£41,680
£0.29

409
1.00
£38,226
£38,226
£15.62

£22.00

0.06
0%

uncertainty  net effect

£78 0.00
£683 0.01
0.001 0.00
£13 0.00
2 0.01
0.00 0.00
£0 0.00
3 0.00
0.00 0.00
£0 0.00
34 0.00
0.00 0.00
£0 0.00
+/- 0.01

Commaercial in confidence
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77 Final Work Stream Report BD 2887 (D27V1) 286859

Schoal (residential): n = 10 beds

Benefit : Cost ratio 0.46 +/- 0.08
Confidence Level (ratio > 1) 0%

Schoeol (residential): n = 100 beds

Benefit : Cost ratio 1.19 +/- 0.27
Confidence Level (ratic > 1) 76%
Schoeol (residential); n = 1000 beds

Benefit : Cost ratio 1.42 +/- 0.36
Confidence Level (ratioc > 1) 87%

Commaercial in confidence
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78 Final Work Stream Report BD 2887 (D27V1) 286859

School (residential): n = = beds

Capital Cost of System (per unit)
Water supply/storage {per unit)
Capital Recovery Factor

Annual Cost of Loan

Annual Inspection Cost

Total Annual Cost

Deaths per Million Units
Sprinkler Effectiveness Factor
Deaths saved per Million Units
Monetary Value per Death Saved
Monetary Benefit per Single Unit

Injuries per Million Units
Sprinkler Effectiveness Factor
Injuries saved per Millien Units
Monetary Value per Injury Saved
Monetary Benefit per Single Unit

Fires per Million Units

Sprinkler Effectiveness Factor
Unsprinklered property damage
Reduced property damage per fire
Monetary Benefit per Single Unit

Total Monetary Benefit per unit

Benefit : Cost ratio
Confidence Level (ratio > 1)

PROPERTY TYPE: Boarding School accommodation

average

£356
£0
0.043
£15.22
£0
£15.22

3
1.00
3
£1,778,000
£6.10

7
1.00
7
£41,680
£0.29

409
1.00
£38,226
£38,226
£15.62

£22.00

1.45
88%

uncertainty  net effect

£78 0.32
£0 0.00
0.001 0.04
£0 0.00
2 0.18
0.00 0.00
£0 0.00
3 0.01
0.00 0.00
£0 0.00
34 0.08
0.00 0.00
£0 0.00
+/- 0.38
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79 Final Work Stream Report BD 2887 (D27V1) 286859

Place of lawful detention: n = 1 beds

PROPERTY TYPE: Place of lawful detention

average uncertainty  net effect
Capital Cost of System (per unit) £320 £29 0.00
Water supply/storage {per unit) £0 £0 0.00
Capital Recowery Factor 0.043 0.001 0.00
Annual Cost of Loan £13.68
Annual Inspection Cost £863 £69 0.03
Total Annual Cost £876.68
Deaths per Million Units 3 0 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Deaths saved per Millicn Units 3
Monetary Value per Death Saved £1,778,000 £0 0.00
Mcnetary Benefit per Single Unit £5.09
Injuries per Million Units 240 17 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Injuries saved per Million Units 240
Monetary Value per Injury Saved £41,680 £0 0.00
Mcnetary Benefit per Single Unit £10.02
Fires per Million Units 5,161 121 0.M
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £38,226
Mcnetary Benefit per Single Unit £197.30
Total Monetary Benefit per unit £212.41
Benefit : Cost ratio 0.24 +/- 0.03
Confidence Level {ratio > 1) 0%
Commaercial in confidence @ Building Research Establishment Lid 2015
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80 Final Work Stream Report BD 2887 (D27V1) 286859

Place of lawful detention: n = 10 beds

Benefit : Cost ratio 212 +/- 0.22
Confidence Level (ratio > 1} 100%

Place of lawful detention: n = 100 beds

Benefit : Cost ratio 9.52 +/- 0.73
Confidence Level (ratio > 1} 100%

Place of lawful detention: n = 1000 beds

Benefit : Cost ratio 14.60 +/- 1.35
Confidence Level (ratio > 1} 100%

Commaercial in confidence

@ Building Research Establishment Lid 2015
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81 Final Work Stream Report BD 2887 (D27V1) 286859

Place of lawful detention: n = = beds

PROPERTY TYPE: Place of lawful detention

average uncertainty  net effect
Capital Cost of System (per unit) £320 £29 1.41
Water supply/storage {per unit) £0 £0 0.00
Capital Recowery Factor 0.043 0.001 047
Annual Cost of Loan £13.68
Annual Inspection Cost £0 £0 0.00
Total Annual Cost £13.69
Deaths per Million Units 3 0 0.03
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Deaths saved per Millicn Units 3
Monetary Value per Death Saved £1,778,000 £0 0.00
Mcnetary Benefit per Single Unit £5.09
Injuries per Million Units 240 17 0.05
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Injuries saved per Million Units 240
Monetary Value per Injury Saved £41,680 £0 0.00
Mcnetary Benefit per Single Unit £10.02
Fires per Million Units 5,161 121 0.34
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £38,226
Mcnetary Benefit per Single Unit £197.30
Total Monetary Benefit per unit £212.41
Benefit : Cost ratio 15.52 +/- 1.52
Confidence Level {ratio > 1) 100%
Commaercial in confidence @ Building Research Establishment Lid 2015
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82 Final Work Stream Report BD 2887 (D27V1) 286859

Hotel and Boarding House: n = 1 rooms

PROPERTY TYPE: Hotel & Boarding House
average uncertainty  net effect

Capital Cost of System (per unit) £060 £87 0.00
Water supply/storage {per unit) £0 £0 0.00
Capital Recowery Factor 0.043 0.001 0.00
Annual Cost of Loan £41.05

Annual Inspection Cost £863 £69 0.00
Total Annual Cost £904.05

Deaths per Million Units 0 0 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Deaths saved per Millicn Units 0.4

Monetary Value per Death Saved £1,778,000 £0 0.00
Mcnetary Benefit per Single Unit £0.75

Injuries per Million Units 24 3 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Injuries saved per Million Units 24

Monetary Value per Injury Saved £41,680 £0 0.00
Mcnetary Benefit per Single Unit £1.00

Fires per Million Units 843 16 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £38,226

Mcnetary Benefit per Single Unit £24.64

Total Monetary Benefit per unit £26.39

Benefit : Cost ratio 0.03 +/- 0.00
Confidence Level {ratio > 1) 0%
Commaercial in confidence @ Building Research Establishment Lid 2015
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83 Final Work Stream Report BD 2887 (D27V1) 286859

Hotel and Boarding House: n = 10 rooms

Benefit : Cost ratio 0.21 +/- 0.02
Confidence Level (ratio > 1} 0%

Hotel and Boarding House: n = 100 rooms

Benefit : Cost ratio 0.53 +/- 0.04
Confidence Level (ratio > 1} 0%

Hotel and Boarding House: n = 1000 rooms

Benefit : Cost ratio 0.63 + - 0.06
Confidence Level (ratio > 1} 0%

Commaercial in confidence

@ Building Research Establishment Lid 2015
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84 Final Work Stream Report BD 2887 (D27V1) 286859

Hotel and Boarding House: n = = rooms

PROPERTY TYPE: Hotel & Boarding House
average uncertainty  net effect

Capital Cost of System (per unit) £060 £87 0.06
Water supply/storage {per unit) £0 £0 0.00
Capital Recowery Factor 0.043 0.001 0.02
Annual Cost of Loan £41.05

Annual Inspection Cost £0 £0 0.00
Total Annual Cost £41.05

Deaths per Million Units 0 0 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Deaths saved per Millicn Units 0.4

Monetary Value per Death Saved £1,778,000 £0 0.00
Mcnetary Benefit per Single Unit £0.75

Injuries per Million Units 24 3 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Injuries saved per Million Units 24

Monetary Value per Injury Saved £41,680 £0 0.00
Mcnetary Benefit per Single Unit £1.00

Fires per Million Units 645 16 0.02
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £38,226

Mcnetary Benefit per Single Unit £24.64

Total Monetary Benefit per unit £26.39

Benefit : Cost ratio 0.64 +/- 0.06
Confidence Level (ratio > 1) 0%
Commaercial in confidence @ Building Research Establishment Lid 2015
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85 Final Work Stream Report BD 2887 (D27V1) 286859

Hall of residence: n = 1 rooms

PROPERTY TYPE: Hall of residence
average uncertainty  net effect

Capital Cost of System (per unit) £715 £156 0.00
Water supply/storage {per unit) £3,526 £683 0.01
Capital Recowery Factor 0.043 0.001 0.00
Annual Cost of Loan £181.33

Annual Inspection Cost £178 £13 0.00
Total Annual Cost £359.33

Deaths per Million Units 1 0 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Deaths saved per Million Units 0.6

Monetary Value per Death Saved £1,778,000 £0 0.00
Monetary Benefit per Single Unit £1.10

Injuries per Million Units 26 3 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Injuries saved per Millien Units 26

Monetary Value per Injury Saved £41,680 £0 0.00
Monetary Benefit per Single Unit £1.08

Fires per Million Units 1,120 26 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £38,226

Monetary Benefit per Single Unit £42.80

Total Monetary Benefit per unit £44.97

Benefit : Cost ratio 0.13 +/- 0.01
Confidence Level (ratio > 1) 0%
Commaercial in confidence @ Building Research Establishment Lid 2015
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86 Final Work Stream Report BD 2887 (D27V1) 286859

Hall of residence: n = 10 rooms

Benefit : Cost ratio 0.71 +/- 0.09
Confidence Level (ratio > 1) 0%

Hall of residence: n = 100 rooms

Benefit : Cost ratio 1.33 +/- 0.27
Confidence Level (ratic > 1) 89%

Hall of residence: n = 1000 rooms

Benefit : Cost ratio 1.46 +/- 0.32
Confidence Level (ratioc > 1) 92%

Commaercial in confidence @ Building Research Establishment Lid 2015
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87 Final Work Stream Report BD 2887 (D27V1) 286859

Hall of residence: n = « rooms

PROPERTY TYPE: Hall of residence
average uncertainty  net effect

Capital Cost of System (per unit) £715 £156 0.32
Water supply/storage {per unit) £0 £0 0.00
Capital Recovery Factor 0.043 0.001 0.04
Annual Cost of Loan £30.57

Annual Inspection Cost £0 £0 0.00
Total Annual Cost £30.57

Deaths per Million Units 1 0 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Deaths saved per Million Units 0.6

Monetary Value per Death Saved £1,778,000 £0 0.00
Monetary Benefit per Single Unit £1.10

Injuries per Million Units 26 3 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Injuries saved per Millien Units 26

Monetary Value per Injury Saved £41,680 £0 0.00
Monetary Benefit per Single Unit £1.08

Fires per Million Units 1,120 26 0.03
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £38,226

Monetary Benefit per Single Unit £42.80

Total Monetary Benefit per unit £44.97

Benefit : Cost ratio 1.47 +/- 0.33
Confidence Level (ratio > 1) 93%
Commaercial in confidence @ Building Research Establishment Lid 2015
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88 Final Work Stream Report BD 2887 (D27V1) 286859

Hostel: n = 1 rooms

PROPERTY TYPE: Hostel
average uncertainty  net effect

Capital Cost of System (per unit) £715 £0 0.00
Water supply/storage {per unit) £1,399 £98 0.03
Capital Recovery Factor 0.043 0.001 0.02
Annual Cost of Loan £90.39

Annual Inspection Cost £111 £1 0.01
Total Annual Cost £201.39

Deaths per Million Units 7 1 0.01
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Deaths saved per Million Units 7

Monetary Value per Death Saved £1,778,000 £0 0.00
Monetary Benefit per Single Unit £11.65

Injuries per Million Units 41 36 0.01
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Injuries saved per Millien Units 341

Monetary Value per Injury Saved £41,680 £0 0.00
Monetary Benefit per Single Unit £14.20

Fires per Million Units 6,384 204 0.04
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £38,226

Monetary Benefit per Single Unit £244.03

Total Monetary Benefit per unit £269.89

Benefit : Cost ratio 1.34 +/- 0.05
Confidence Level (ratio > 1) 100%
Commaercial in confidence @ Building Research Establishment Lid 2015
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89 Final Work Stream Report BD 2887 (D27V1) 286859

Hostel: n = 10 rooms

Benefit : Cost ratio 5.66 *+/- 0.22
Confidence Level (ratio > 1) 100%

Hostel: n = 100 rocoms

Benefit : Cost ratio 8.36 +/- 0.35
Confidence Level (ratic > 1) 100%

Hostel: n = 1000 rooms

Benefit : Cost ratio 8.78 +/- 0.37
Confidence Level (ratioc > 1) 100%
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90 Final Work Stream Report BD 2887 (D27V1) 286859

Hostel: n = « rooms

PROPERTY TYPE: Hostel
average uncertainty  net effect

Capital Cost of System (per unit) £715 £0 0.00
Water supply/storage {per unit) £0 £0 0.00
Capital Recovery Factor 0.043 0.001 0.26
Annual Cost of Loan £30.57

Annual Inspection Cost £0 £0 0.00
Total Annual Cost £30.57

Deaths per Million Units 7 1 0.04
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Deaths saved per Million Units 7

Monetary Value per Death Saved £1,778,000 £0 0.00
Monetary Benefit per Single Unit £11.65

Injuries per Million Units 41 36 0.05
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Injuries saved per Millien Units 341

Monetary Value per Injury Saved £41,680 £0 0.00
Monetary Benefit per Single Unit £14.20

Fires per Million Units 6,384 204 0.25
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £38,226

Monetary Benefit per Single Unit £244.03

Total Monetary Benefit per unit £269.89

Benefit : Cost ratio 8.83 +/- 0.37
Confidence Level (ratio > 1) 100%
Commaercial in confidence @ Building Research Establishment Lid 2015
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91 Final Work Stream Report BD 2887 (D27V1) 286859

Multi-storey car park: n = 1 spaces

PROPERTY TYPE: Multi-Storey Car Park
average uncertainty  net effect

Capital Cost of System (per unit) £922 £83 0.00
Water supply/storage {per unit) £0 £0 0.00
Capital Recovery Factor 0.043 0.001 0.00
Annual Cost of Loan £39.40

Annual Inspection Cost £863 £99 0.00
Total Annual Cost £902.40

Deaths per Million Units 12 0 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Deaths saved per Million Units 12

Monetary Value per Death Saved £1,778,000 £0 0.00
Monetary Benefit per Single Unit £21.68

Injuries per Million Units 4 1 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Injuries saved per Millien Units 4

Monetary Value per Injury Saved £41,680 £0 0.00
Monetary Benefit per Single Unit £0.16

Fires per Million Units 113 10 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £38,226

Monetary Benefit per Single Unit £4.30

Total Monetary Benefit per unit £26.15

Benefit : Cost ratio 0.03 +/- 0.00
Confidence Level (ratio > 1) 0%
Commaercial in confidence @ Building Research Establishment Lid 2015
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92 Final Work Stream Report BD 2887 (D27V1) 286859

Multi-storey car park: n = 10 spaces

Benefit : Cost ratio 0.21 +/- 0.02
Confidence Level (ratio > 1) 0%
Multi-storey car park: n = 100 spaces
Benefit : Cost ratio 0.54 +/- 0.04
Confidence Level (ratio » 1} 0%
Multi-storey car park: n = 1000 spaces
Benefit : Cost ratio 0.65 +/- 0.06
Confidence Level (ratic > 1) 0%
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93 Final Work Stream Report BD 2887 (D27V1) 286859

Multi- storey car park: n = = spaces

PROPERTY TYPE: Multi-Storey Car Park
average uncertainty  net effect

Capital Cost of System {per unit) £922 £33 0.06
Water supply/storage {per unit) £0 £0 0.00
Capital Recovery Factor 0.043 0.001 0.02
Annual Cost of Loan £39.40

Annual Inspection Cost £0 £0 0.00
Total Annual Cost £39.41

Deaths per Million Units 12 0 0.01
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Deaths saved per Millicn Units 12

Monetary Value per Death Saved £1,778,000 £0 0.00
Monetary Benefit per Single Unit £21.68

Injuries per Million Units 4 1 0.00
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Injuries saved per Millicn Units 4

Monetary Value per Injury Saved £41,680 £0 0.00
Monetary Benefit per Single Unit £0.16

Fires per Million Units 113 10 0.01
Sprinkler Effectiveness Factor 1.00 0.00 0.00
Unsprinklered property damage £38,226 £0 0.00
Reduced property damage per fire £38,226

Monetary Benefit per Single Unit £4.30

Total Monetary Benefit per unit £26.15

Benefit : Cost ratio 0.66 +/- 0.06
Confidence Level {ratic > 1) 0%
Commaercial in confidence @ Building Research Establishment Lid 2015
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