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Figure 49: Floor plan of building of large house used for sprinkler system design. 

 

5.4 Design Calculation 
A combination sprinkler design, in accordance with NZS 4517 (SNZ, 2002) was carried 
out by BRANZ for the two houses.   

The design details of the low-cost sprinkler system design for the houses are as 
follows: 

• A single mains connection feeds both the sprinkler system and the domestic 
water supply.   

• Design pressure from the mains was taken conservatively to be 400 kPa (a 
typical mains pressure for residential areas). 
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• The domestic load for the hydraulic design of the combined plumbing and 
sprinkler system was taken to be 12 litres per minute, in accordance with 
NZS 4517(SNZ, 2002).   

• The water supply enters the houses at the location of the domestic hot water 
cylinder (small house), or garage (large house) which are typical locations of 
water supply entry. 

• The main run of water supply pipe to the house is 25 mm ND diameter 
polyethylene PE80B for the small house and 32 mm ND for the large house.  All 
sprinkler pipework is 28 mm ND polybutylene with push-on fittings. 

• The sprinkler heads are concealed residential on a discharge area of 4.9 m x 
4.9 m with a flow of 49.2 L/min and required pressure of 48 kPa.  Approximately 
$65 per sprinkler head retail cost. 

• The hydraulic calculations are based on two sprinkler heads operating. 

5.5 Cost Data – Sprinkler System included during initial Construction 
Costs for the sprinkler systems were provided by six respondents. These quotes are 
presented in Table 20 and include the cost of the sprinkler heads. The cost attributed to 
the addition of a home sprinkler system during the construction of the house is the 
marginal cost. Mean marginal cost and 95th and 99th percentile (assuming a normal 
distribution) cost of sprinkler system are presented in Table 21 and the cost per unit 
area is presented in Table 23. The minimum and maximum marginal cost estimates are 
presented in Table 22 and Table 24. 
Table 20: Costs for the large house and small house sprinkler systems   

House 

Domestic 
Supply Only 

($) 

Combination 
System 

($) 

Marginal 
Cost* 

($) Location 
Large House 1356 2760 2444 Porirua1 

Small House 942 1580 1093  
Large House 2671 4875 3245 Napier 
Small House 1253 2336 1538  
Large House 13562 3794 2438 Hamilton 
Small House 9422 1840 898  
Large House 13562 4640 3284 Nationwide3 

(lower Hutt) Small House 9422 2030 1088 
Large House 2760 7493 5343 Rotorua 
Small House 1853 4026 3135  
Large House 41464 6738 2591 Wanganui
Small House   14005  

Notes: 
* The marginal cost is the cost associated with the addition of a home sprinkler system to 
the initial design of a new house. 
1. Plumbing company only. No home sprinkler designers on staff. 
2. Estimate based on costs from Porirua. 
3. The company is a plastic piping supplier and offers nationwide support for design and 

supply of materials at a cost per square meter. It has a suggested maximum cost per 
square meter based on installations they have been involved with. 

4. Based on costs for a house with 260 m² floor area. 
5. The company only provided costs for the increase in costs over a domestic water supply. 
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Table 21: Summary of mean marginal cost and 95th and 99th percentile (assuming a 
normal distribution) cost for inclusion of a home sprinkler system in a new house 

House Area 
(m²) 

Mean 
Marginal 

Cost 
($) 

Sample 
Standard 
Deviation  

($) 

95th 
Percentile 

($) 

99th 
Percentile 

($) 

Large house 135 3224 1106 4828 5240
Small house 70 1525 822 2736 3055

 
Table 22: Summary of the maximum and minimum marginal costs for inclusion of a home 
sprinkler system in a new house 

House Area 
(m²) 

Minimum 
Marginal Cost 

($) 

Maximum 
Marginal Cost  

($) 
Large house 135 2438 5343
Small house 70 898 3135

 
Table 23: Summary of mean marginal cost and 95th and 99th percentile cost for the 
inclusion of a home sprinkler system in a new house per unit area of house 

House Area 
(m²) 

Mean 
Marginal 

Cost 
($/m²) 

Sample 
Standard 
Deviation  

($/m²) 

95th 
Percentile 

($/m²) 

99th 
Percentile 

($/m²) 

Large house 135 24 8 36 39
Small house 70 22 12 39 44

 
Table 24: Summary of the maximum and minimum marginal costs for inclusion of a home 
sprinkler system in a new house per unit area of house 

House Area 
(m²) 

Minimum 
Marginal Cost 

($/m²) 

Maximum 
Marginal Cost  

($/m²) 
Large house 135 18 40
Small house 70 13 45
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6. COST EFFECTIVENESS METHODOLOGY 

A list of the general factors considered in a cost benefit analysis of home sprinklers in 
one- and two-family dwellings for a range of studies is presented in Table 25. 
Table 25: Factors considered in a domestic or residential sprinkler system cost-benefit 
analyses for accidental fires. 

Cost USA a UK b Vancouver, 
Canada c 

Scottsdale, 
AZ, USA d 

NZ e 
 

Considered 
in this 
Study 

Installation 
(including water 
supply) 

      

Annual inspection & 
maintenance 

      

Environmental 
impact & 
sustainability 
aspects of 
manufacture & 
installation of 
sprinkler system 

      

Accidental Water 
damage 

      

Benefit       

Fatalities prevented       
Injuries prevented       
Property loss 
prevented 

      

Reduced impact on 
the environment due 
to fire effects & 
sustainability 
aspects 

      

Fire service cost 
savings 

      

Insurance premium 
reduction 

      

Reduction in 
construction costs 
associated with 
trade off 

      

Reduction of 
intangible losses 
from homes (e.g. 
pets, family 
heirlooms, etc.) 
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Notes: 
a Study performed for USA perspective (Rohr & Hall, 2005; Hall, 2007). 
b Study performed for UK perspective (Fraser-Mitchell, 2004). 
c Study performed pre- and post-mandatory residential sprinkler legislation in Vancouver, 
Canada (Robertson, 2001; Williams et al., 2004). 
d Study performed for Scottsdale, AZ, USA (Ford, 1997; Williams et al., 2004). 
e Study performed for New Zealand perspective (Wade and Duncan, 2000; Duncan et al., 
2000). 
 

6.1 Methodology 
The home sprinkler cost effectiveness input parameters are listed with a brief 
description in Table 26. A list of the home sprinkler cost effectiveness output variables 
is presented in Table 27 and the calculation methods employed are presented in 
Table 29. The background and subsequent values used for these input parameters are 
discussed in detail in Section 7. 
Table 26: List of home sprinkler cost effectiveness assessment input parameters. 

Name Symbol Brief Description 
Sprinkler effectiveness 

sprinkη  A measure, based on statistics, for a sprinkler system to 
activate and control a fire according to the design of the 
system, assuming the fire is large enough to activate the 
sprinkler system. 

Smoke alarm 
effectiveness smokeη  A measure, based on statistics, for a smoke alarm to 

activate and alert occupants, assuming the fire is 
sufficient to activate the sprinkler system. This variable 
includes a measure of the operation ability of the device, 
e.g. state of batteries (replaced and connected), 
appropriateness of placement of the device, etc. 

Limit of flame damage 
for effective sprinkler 
system 

sprinkL  An assumed percentage of the total structure to which 
an effective sprinkler system would control the fire from 
spreading beyond. 

Limit of %structure 
damage for total loss losstotalL _  An assumed threshold percentage of total structure 

damage above which the entire structure is deemed to 
be lost (i.e. the remainder is assumed to be demolished 
and 100% would be replaced). 

Deaths per 1000 fires, 
no spr, no alarms 0,0D  Current average number of civilian fatalities per 1000 

residential fires where no sprinkler system and no 
smoke alarms are present. 

Deaths per 1000 fires, 
no spr, with alarms smokeD ,0  Current average number of civilian fatalities per 1000 

residential fires where no sprinkler system is present but 
smoke alarms are present. 

Deaths per 1000 fires, 
with spr, no alarms 0,srpinkD  Current average number of civilian fatalities per 1000 

residential fires where a sprinkler system is present but 
no smoke alarms are present. 

Deaths per 1000 fires 
with spr, with alarms smokesprinkD ,  Current average number of civilian injuries per 1000 

residential fires where both a sprinkler system and 
smoke alarms are present. 

Injuries per 1000 fires, 
no spr, no alarms 0,0I  Current average number of civilian injuries per 1000 

residential fires where no sprinkler system and no 
smoke alarms are present. 

Injuries per 1000 fires, 
no spr, with alarms smokeI ,0  Current average number of civilian injuries per 1000 

residential fires where no sprinkler system is present but 
smoke alarms are present. 

Injuries per 1000 fires, 
with spr, no alarms 0,sprinkI  Current average number of civilian injuries per 1000 

residential fires where a sprinkler system is present but 
no smoke alarms are present. 
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Table 26 continued: List of home sprinkler cost effectiveness assessment input 
parameters. 

Name Symbol Brief Description 
Injuries per 
1000 fires 
with spr, 
with alarms 

smokesprinkI ,  Current average number of civilian injuries per 1000 residential 
fires where both a sprinkler system and smoke alarms are 
present. 

Initial 
number of 
house 
structure 
fires per 
year 

0F  The current number of household fires per year, where 
households represent buildings where NZS4517 could be applied, 
i.e. single- and two-family dwellings, single storey of flats, 
townhouses, etc.  
The number of house fires each year is assumed to be 

proportional to the number of houses, 0
,0

, F
H
H

F
all

allt
t =  

Current 
number of 
households 

allH ,0  The current number of households where a NZS4517 would be 
applicable.  
The number of houses is assumed to increase at a uniform rate, 

houseallt trHH ,0=  

Increase in 
households 
per year 

houser  An estimate of the average percentage increase of the number of 
households per year over the chosen analysis period. 

Initial 
number of 
sprinklered 
households 

sprinkH ,0  The current number of NZS4517 sprinklered households. 
The number of sprinklered houses each year is both retrofitted 
and new sprinkler systems, 

( ) ( )alltalltsprinknewsprinktalltretrofitsprinkt HHpHHrH ,1,_,1,1, −−− −+−=
Proportion 
of new 
households 
sprinklered 

sprinknewp ,  The proportion of new households built with a NZS4517 fire 
sprinkler system. 

Rate of 
retrofit of 
sprinkler in 
households 

retrofitr  An estimate of the average rate of retrofit of systems in 
households with no fire sprinkler system currently present. 

Proportion 
of existing 
housing 
with smoke 
alarms 

smokeoldp ,  This distinction is made to account for some households that 
currently do not comply with the mandatory requirement for smoke 
alarms, without complicating the effectiveness value of smoke 
alarms to incorporate the statistics regarding fire incidents where 
smoke alarms have not been present. 

Proportion 
of new 
households 
with smoke 
alarms 

smokenewp _  Expected to be 100%. 

Discount 
rate discountr  Estimated discount rate 

Inflation 
rate inflationr  Estimated inflation rate 

Analysis 
period analysisY  Number of years considered for this analysis. 

Sprinkler 
system life sprinkY  Number of years for the design life of the sprinkler system. 

Room of 
fire origin – 
distribution 
of fire 
incident 

ROOfirep ,  Proportions of fire incidents according to statistics for room of fire 
origin. 
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Table 26 continued: List of home sprinkler cost effectiveness assessment input 
parameters. 

Name Symbol Brief Description 
Proportion of fire 
incidents covered by 
an NZS4517 system 

4517,NZSfirep  A proportion of the total incidents, to take into account 
that a NZS4517 system does not necessarily cover 
every room. 

Room of fire origin – 
distribution of 
fatalities 

ROOfatalp ,  Proportions of civilian fatalities according to statistics for 
room of fire origin. 

Proportion of 
fatalities covered by 
an NZS4517 system 

4517,NZSfatalp  A proportion of the total fatalities, to take into account 
that a NZS4517 system does not necessarily cover 
every room. 

Room of fire origin – 
distribution of 
injuries 

ROOinjuryp ,  Proportions of civilian injuries according to statistics for 
room of fire origin. 

Proportion of injuries 
covered by an 
NZS4517 system 

4517,NZSinjuryp  A proportion of the total injuries, to take into account that 
a NZS4517 system does not necessarily cover every 
room. 

Materials & 
installation (new 
household) 

sprinknewC ,0  Average current cost of materials and installation of a 
NZS4517 system during the construction of a new 
house. 

Materials & 
installation (retrofit) sprinkretrofitC ,0  Average current cost of materials and installation of a 

NZS4517 system for the retrofit of an existing house. 
Design 

sgn,0 deiC  Average current cost for designing a NZS4517 for a 
typical New Zealand household. 

Annual Maintenance 
emaintenanciC ,  Average current cost of annual maintenance. Currently 

no cost is attributable. 
Initial regulatory 
costs regulatoryC ,0  Estimate of the initial regulatory costs required. 

Yearly regulatory 
costs regulatoryannualiC ,

 

Estimate of the average annual regulatory costs 
required. 

Cost per fire injury 
injuryC ,0  Estimate of the current average cost per civilian fire 

injury. 
Property loss per 
unsprinklered fire unsrpinkpropertyC ,,0

 

Estimate of the current average cost of property loss per 
unsprinklered residential fire. 

Reduction in 
property loss per 
sprinklered fire 

srpinkpropertyp ,  Estimate of the average reduction in property loss where 
an effective sprinkler system is present. 

Cost of Fire Service 
per unsprinklered 
fire 

unspriservicefireC ,,0

 

Estimate of the current average mixed-cost for Fire 
Service attendance of an unsprinklered residential fire. 

Reduction in cost of 
Fire Service per 
sprinklered fire 

sprinkservicefirep ,

 

Estimate of the average reduction in mixed-cost for Fire 
Service attendance of residential fire where an effective 
sprinkler system is present. 

Fire Service 
fatalities at 
unsprinklered 
residential 
properties 

unsprinkFSD ,  Current average number of Fire Service fatalities 
sustained at unsprinklered residential property fire 
incidents. 

Fire Service 
fatalities reduction 
for home sprinklered 
properties 

sprinkfatalityFSr ,,
Estimate of the percentage reduction in Fire Service 
injuries at residential property fire incidents attributable 
to home sprinkler systems. 

Fire Service injuries 
unsprinkFSI ,  Current average number of Fire Service injuries 

sustained at unsprinklered residential property fire 
incidents. 
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Table 26 continued: List of home sprinkler cost effectiveness assessment input 
parameters. 

Name Symbol Brief Description 
Fire Service injury 
reduction for home 
sprinklered 
properties 

sprinkinjuryFSr ,,  Estimate of the percentage reduction in Fire 
Service injuries at residential property fire 
incidents attributable to home sprinkler 
systems. 

Average Insurance 
Premium  unsprinkinsuranceC ,,0  Estimate of the current average household 

insurance premium without home sprinklers 
installed. 

Insurance Premium 
Savings sprinkinsurancer ,  Estimate of the reduction in household 

insurance premiums for installation of a home 
sprinkler system 

Threshold 
%structure damage 
for total loss 

threshstructL ,%  Estimate of the threshold value for the 
percentage of structural damage beyond 
which the entire structure is replaced.  

%structural damage 
structD%  Average percentage of structural damage for 

each of the ranges used as input for the 
estimates of the percentage of fire incidents. 

%fire incidents with 
%structure damage damgfiresI ,%%  Estimate of the percentage of fire incidents for 

each range of percentage of structure 
damage. 

Cost of water per 
litre litrewaterC /  Estimate of the cost per litre in terms of water 

metered cost. 
Volume of water 
used in a 
sprinklered house 

sprinkwaterV ,  Estimate of the average volume of water used 
to extinguish a fire within a house with a home 
sprinkler system present. 

Volume of water 
used in an 
unsprinklered house 

unsprinkwaterV ,  Estimate of the average volume of water used 
to extinguish a fire within a house with no 
sprinkler detection present. 

Cost of 
NZ Ecopoints for 
100% structure 
damage 

dmghousestructNZEcoC _,%100,  Estimate of the average number of 
NZ Ecopoints for 100% loss of an average 
household. 

Cost of 
NZ Ecopoints for a 
percentage of  
structure damage 

dmghousestructNZEcoC _,,%  Estimate of the average number of 
NZ Ecopoints for a percentage loss (less than 
100%) of an average household. 

Cost of 
NZ Ecopoints for the 
total replacement a 
percentage of  a 
house structure 

replacehousestructNZEcoC _,%100,  Estimate of the average number of 
NZ Ecopoints for 100% replacement of an 
average household. 

Cost of 
NZ Ecopoints for the 
replacement a 
percentage of  a 
house structure 

replacehousestructNZEcoC _,,%  Estimate of the average number of 
NZ Ecopoints for replacement of a percentage 
(less than 100%) of an average household. 

Cost of 
NZ Ecopoints for a 
litre of potable water 

waterfireNZEcoC _,  Estimate of the average number of 
NZ Ecopoints for a litre of potable water that is 
used as fire water. 

Proportion of small 
or large houses of 
the housing stock 

>< elorsmallhousep arg,  Estimate of the proportions of large and small 
houses for the existing stock. New houses are 
assumed to have the same proportions. 

Cost of 
NZ Ecopoints for a 
sprinkler system 

><>< retrofitornewelorsmallsprinkC ,arg,

 

Estimate of the average number of 
NZ Ecopoints for a <small or large> and <new 
or retrofit> home sprinkler system.  
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Table 27: List of home sprinkler cost effectiveness assessment output variables and 
descriptions.  

Name Symbol Brief Description 
Lives saved per 
year 

avglifeS ,  Number of lives saved per year attributed 
to installation of sprinklers in houses. 

Lives saved per 
household per 
year 

householdavglifeS ,,  Number of lives saved per year per new 
Zealand household attributed to the 
installation of sprinklers in houses.  

Fire Service Lives 
saved per year 

avglifeFSS ,_  Number of Fire Service lives saved per 
year attributed to installation of sprinklers in 
houses. 

Fire Service Lives 
saved per 
household per 
year 

householdavglifeFSS ,,_  Number of Fire Service lives saved per 
year per new Zealand household attributed 
to the installation of sprinklers in houses.  

Savings in injury 
costs per 
household per 
year 

householdavginjuryS ,$,  Estimation of the monetary savings per 
injury adverted by a home sprinkler system 
per year per New Zealand household. 

Savings in 
property loss per 
household per 
year 

householdavgpropertyS ,$,  Estimation of the monetary savings of 
property loss adverted by a home sprinkler 
system per year per New Zealand 
household. 

Savings in Fire 
Service costs per 
household per 
year 

householdavgservicefireS ,$,_  Estimation of the monetary savings of the 
Fire Service attributed to home sprinkler 
SYSTEMS per year per New Zealand 
household. 

Savings in 
Insurance 
Premiums 

householdavginsuranceS ,$,  Estimation of the monetary savings of 
insurance premiums when a reduction is 
offered for installation of home sprinkler 
systems. 

Savings in Fire 
Water per 
household per 
year 

householdavgwaterS ,$,  Estimation of the monetary savings from 
potable water averted from fire water use 
attributed to home sprinkler systems per 
year per New Zealand household. 

Total savings per 
household per 
year 

householdavgtotalS ,$,  Estimation of the total monetary savings 
attributed to home sprinkler systems per 
year per New Zealand household. 

Design, installation 
and maintenance 
costs per 
household per 
year 

householdavgmainstalldesignC ,$,int&&
Estimation of the monetary costs attributed 
to the design, installation and maintenance 
of home sprinkler systems per year per 
New Zealand household. 

Regulatory costs 
per household per 
year 

householdavgregulatoryC ,$,  Estimation of the monetary costs attributed 
to the regulation of home sprinkler systems 
per year per New Zealand household. 

Total cost per 
household per 
year 

householdavgtotalC ,$,  Estimation of the total monetary costs 
attributed to home sprinkler systems per 
year per New Zealand household. 

Cost per life saved  
lifeC /$  Estimation of the total monetary costs per 

life saved attributable to home sprinkler 
systems. 
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The life cycle assessment used some of the cost effectiveness analysis inputs. The 
additional input parameters used are summarised in Table 28. The output variables 
and descriptions are presented in Table 28 and the calculation methods are 
summarised in Table 30. 
Table 28: List of home sprinkler life cycle assessment output variables and descriptions.  

Name Symbol Brief Description 
Savings of 
NZ Ecopoints for the 
number of fire 
adverted fire 
damaged 
households per 
household per year 

householdavgdmgNZEcohouseS ,,_  Estimate of the NZ Ecopoints saved 
because of the equivalent number of houses 
saved attributed to home sprinklers from fire 
damage per household per year.  

Savings of 
NZ Ecopoints for the 
averted replaced fire 
damaged 
households per 
household per year 

householdavgcoreplaceNZEhouseS ,,_  Estimate of the NZ Ecopoints saved 
because of averted replacement of fire 
damaged households attributed to home 
sprinklers per household per year. 

Savings of 
NZ Ecopoints for the 
averted fire water 
per household per 
year 

householdavgwaterNZEcofireS ,,_  Estimate of the NZ Ecopoints saved 
because of the savings in potential volume 
of water attributed to home sprinklers per 
household per year. 

Total NZ Ecopoints 
saved per household 
per year 

householdavgtotalNZEcoS ,,  Estimate of the total NZ Ecopoints saved 
attributed to home sprinklers per household 
per year. 

Cost of 
NZ Ecopoints for 
sprinkler system per 
household per year 

householdavgosprinkNZEcC ,,  Estimate of the cost of NZ Ecopoints for 
home sprinkler systems (based on 
components) per household per year. 

Cost of 
NZ Ecopoints for 
sprinkler systems 
lost in sprinklered 
housing fire per 
household per year 

housholdavglostNZEcosprinkC ,,_  Estimate of the cost of NZ Ecopoints for 
home sprinklers systems lost to fire per 
household per year. 

Cost of 
NZ Ecopoints for 
replacement 
sprinkler systems 
lost in fire per 
household per year 

householdavgcoreplaceNZEsprinkC ,,_
Estimate of the cost of NZ Ecopoints for the 
replacement of home sprinklers systems lost 
to fire per household per year. 

Total NZ Ecopoints 
Cost per household 
per year 

householdavgtotalNZEcoC ,,  Estimate of the total cost of NZ Ecopoints 
per household per year. 

NZ Ecopoints per life 
saved lifeNZEcoC /  Estimate of the total cost of NZ Ecopoints 

per life saved. Note: a negative value here 
for NZ Ecopoints indicates a saving of 
points. 

Monetary cost per 
100 NZ Ecopoints 
saved 

NZEcoC 100/$  Estimate of the monetary cost per 100 
NZ Ecopoints attributed to the installation & 
operation of home sprinklers. 
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Table 29:  List of home sprinkler cost effectiveness assessment calculation methods. 

Name Calculation Method 
Lives saved per year 
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Table 29 continued: List of home sprinkler cost effectiveness assessment calculation methods. 

Name Calculation Method 
Savings in property 
loss per household 
per year 
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Table 29 continued: List of home sprinkler cost effectiveness assessment calculation methods. 

Name Calculation Method 
Design, installation 
and maintenance 
costs per household 
per year 

( )
( )

∑
=

−

⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜

⎝

⎛
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

+++

+

=
analysisY

t tall

enancemattsrpinkretrofitoninstallatitretrofitdesignttretrofir

newoninstallatitnewdesignttsprinknew
discount

analysis
householdagvmainstalldesign H

CHCCH

CCH
r

Y
C

1 ,

int,1,,,,,,

,,,,,_

,$,int&&
1

 

Regulatory costs per 
household per year ∑

=
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=

analysisY

t allt

regulatoryannualtdiscount

analysis

regulatory
householdavgregulatory H

Cr
Y

C
C

1 ,

_,,0
,$,  

Net cost per 
household per year householdavgregulatoryhouseholdagvmainstalldesignhouseholdavgtotal CCC ,$,,$,int&&,$, +=  

Cost per life saved  

householdavglife

householdavgtotalhouseholdavgtotal
life S

SC
C

,,

,$,,$,
/$

−
=  

 

 

 

 

 

 

 

 

 

 

 



 

83 

Table 30:  List of home sprinkler life cycle assessment calculation methods (for savings). 

Name Calculation Method 
Savings of 
NZ Ecopoints for the 
number of fire 
adverted fire 
damaged 
households per 
household per year 
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Table 31: List of home sprinkler life cycle assessment calculation methods (for costs & totals). 

Cost of 
NZ Ecopoints for 
sprinkler system per 
household per year ( )
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6.2 Previously Identified Sensitive Variables 
Previous cost benefit analyses (Williams et al., 2004) were found to be highly sensitive 
to future changes, which cannot be predicted with any level of confidence. These future 
related variables included (Williams et al., 2004): 

 demographics (specifically an aging population), 

 societal perceptions regarding personal safety, 

 behaviour such as smoking and intoxication, 

 construction technology and benefits of scale that may reduce sprinkler costs, 

 impact on the costs of providing public fire services, and 

 interest rates and inflation. 
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7. COST EFFECTIVENESS ANALYSIS VARIABLES 

The background and subsequent choice of values used for the input variables, as 
described in Table 26, are discussed here. 

7.1 Sprinkler Effectiveness 
When present and fire conditions were larger enough to activate them, sprinklers 
operated in 94% of the one-and two-family dwelling fires and 98% of the apartment 
fires (using 1999 – 2002 US data). It was noted that when sprinkler systems failed it 
was due to the “system being shut-off before the fire or to manual interventions 
defeating the system”. (Aherns 2007) 

A NIST study estimated that due to poor installation or maintenance, the sprinkler 
system would not operate effectively 8% of the time. (Ruegg & Fuller, 1984) 

The estimated percentage of fire with sprinklers were the sprinkler system operated 
was 84.6%  (based on 87,500 fires) for all residential properties, 80.0% (based on 
16,900 fires) for one-and two-family dwellings, and 87.6% (based on 50,000 fires) for 
apartments, based on US fire statistics from 1989 – 1998. Similarly, based on USA fire 
statistics from 1999, the estimated percentage of fire with sprinklers were the sprinkler 
system operated was 86.3%  (based on 15,871 fires) for all residential properties, 
81.8% (based on 6,620 fires) for one-and two-family dwellings, and 89.2% (based on 
8,770 fires) for apartments. Similarly, based on USA fire statistics from 1999 – 2002, 
the estimated percentage of fire with sprinklers were the sprinkler system operated was 
88% (based on non-adjusted data, and 97% based on NFPA adjusted data) for all 
residential properties, 94% (based on NFPA adjusted data) for one-and two-family 
dwellings, and 98% (based on NFPA adjusted data) for apartments. (Koffel, 2005) 

Although it is noted that the design intent of a sprinkler system is fire control and not 
extinguishment, the estimated number of fires extinguished by sprinkler systems was 
19% for all residential properties, 18% for one- and two-family dwellings and 20% for 
apartments, based on USA fire statistics for 1989 – 1998. (Koffel, 2005) 

There was insufficient statistical UK residential data for analysis of the effectiveness of 
sprinklers. Therefore a theoretical approach was taken based on limiting the area of fire 
damage. Fatality, injury and rescue statistics were considered in terms of the reported 
area of fire damage. (Williams et al., 2004) 

7.2 Limit of Flame Damage for Effective Sprinkler Operation 
A maximum limit for flame damage of a residential structure was estimated, assuming 
effective operation of a home sprinkler system. There is currently no published 
literature that specifically relates to such a limit, therefore a conservative estimate was 
made of a mean damage limit of 5% of a structure, with a minimum of 2% and a 
maximum of 7%. These estimates are expected to be conservative, i.e. greater than 
would be expected for an effective home sprinkler system. 

7.3 Threshold Total Structure Loss 
A threshold percentage value was estimated for total structure loss, equal to or above 
which the fire damaged structure would be demolished and completely replaced. Since 
no published literature directly relating to this topic is currently available, a conservative 
estimation was made of a best estimate of 70%, with a minimum of 60% and a 
maximum of 80% structure damage for the threshold above which the structure would 
be demolished. 
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Table 32: Sprinkler system effectiveness. 

Sprinkler System Description  
& Building Type 

Effectivenes
s when 

Operates  
(%) 

Operationa
l Reliability

Overall 
Effectivenes
s Reliability 

Country Years 
Statistics 
are Based 

on 

Reference 

Residential Sprinklers 

     One- and two-family dwellings 94   US 1999 – 2002 (Aherns, 2007) 

     Apartments 98   US 1999 – 2002 (Aherns, 2007) 

All sprinkler system types 

     All building types 99.45   Australia & 
New Zealand 

1886 – 1986 (Marryatt, 1988) a 

     All building types 93   US 1999 – 2002 (Rohr & Hall, 2005) b 

     All residential properties  84.6  US 1989 – 1998 (Hall, 2003) c 

     All residential properties  86.3  US 1999 (Hall, 2003) c

     One- and two-family dwellings  80.0  US 1989 – 1998 (Hall, 2003) c

     One- and two-family dwellings  81.8  US 1999 (Hall, 2003) c 

     Apartments  87.6  US 1989 – 1998 (Hall, 2003) c 

     Apartments   89.2  US 1999 (Hall, 2003) c

Wet pipe sprinkler systems 

     All residential properties 98 d 96 e 94 f US 2002 – 2004 (Hall, 2007) 

Home sprinkler System (NZS 4517) 

     BRANZ 2000 CBA estimate 95 
(min =90% & 
max = 99%) 

    (Wade & Duncan, 
2000) 

     Current cost benefit study   95 
(min = 90 &  
max = 99) 
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Notes: 
a Not including systems that failed to operate. 
b Based on NFIRS Version 5.0 data. 
c Excluding structure fires coded as being too small to activate sprinklers. 
d Based on non-confined structure fires NFIRS Version 5.0 data, where the sprinklers operated 
and the fire was reported as large enough to activate sprinklers, for 3,400 residential fires. 
e Based on NFIRS Version 5.0 data, where the fire was large enough to activate sprinklers and 
where the effectiveness was the qualitative judgement of people completing incident reports, 
reduction in loss of life or property loss per fire, and reduction in likelihood of large fire size or 
severity. 
f Combined effectiveness reliability = (operational reliability x effectiveness when operational 
=96% x 98%) 
g Assuming reliability is no less than NZS 4515:1995. 

 

7.4 Smoke Alarm Effectiveness 
Smoke alarms required by Warning Systems Compliance Document F7/AS1 (Amd 4 
April, DBH, 2003) may be battery powered and are not required to be interconnected. 
Effectiveness for a range of smoke alarms is presented in Table 33. 
Table 33: Smoke alarm effectiveness. 

Smoke Alarm Description Effectiveness 
(%) 

Reference 

Single battery-operated alarm 60 (Wade & Duncan, 2000) 

Four interconnected alarms 90 (Wade & Duncan, 2000) 

Single battery-operated alarm 
operates 

72 (Aherns, 2007) 

Single battery-operated alarm 
operates & alerts occupants 

65 (Aherns, 2007) 

BRANZ 2000 cost benefit 
analysis estimate 

74 

(min =50% & 
max = 90%) 

Assuming four battery-
operated alarms (Wade & 
Duncan, 2000) 

Current cost benefit study 62 

(min =50% & 
max = 90%) 

Assuming battery-operated 
alarms that are not 
interconnected. 

 

7.5 Distribution of Rooms of Fire Origin 
The percentage distributions of the room of fire origin for civilian fatalities, civilian 
injuries and residential fire incidents based on recorded statistics are presented in 
Table 34 for a range of countries. A comparison of the percentage distributions for 
civilian fatalities for various countries is shown in Figure 50. Note that the line 
connecting the average values is only for ease of identification, and no trend or 
connection is implied between the considered categories. A comparison of the 
percentage distributions for civilian injuries for various countries is shown in Figure 51. 
A comparison of the percentage distributions for fire incidents for various countries is 
shown in Figure 52. A summary of the values assumed for the current study is 
presented in Table 35. The values used for the current study were primarily based on 
the New Zealand statistics, included in Table 34. 
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Table 34: Distribution of fire incidents, fatalities and injuries by room of fire origin for residential structure fire incidents. 

Room of Fire 
Origin 

Percentage of Civilian Fatalities Percentage of Civilian Injuries Percentage of Fire Incidents 

NZ a NZ 
b 

USA c USA 
d 

Canada
e 

England 
& 

Wales f 

NZ a USA c USA d England 
& 

Wales f 

NZ a USA c USA d Canada e 

Living Room h 31 19 24 39 45 40 17 10 20 16 16 4 11 13 

Bedroom 33 34 23 26 20 31 26 22 24 18 14 8 12 11 

Kitchen 25 29 15 15 17 21 44 35 29 59 41 38 23 29 

Bathroom 0 0 - 1 - 2 1 - 2 2 1 - 2 - 

Laundry  0 2 - - - 1 1 - - 1 3 - - - 

Ceiling Space 0 0 - 2 - 1 1 - 1 1 4 - 4 - 

Hallway i 2 2 - 2 - 2 2 - 2 2 3 - 2 - 

Garage 2 6 - 1 - - 3 - 4 - 4 - 4 - 

Other 7 8 38 14 18 2 5 33 18 1 4 50 42 47 

Total Number g 234 108 13265 3589 717 375 2668 54425 13691 10804 33025 1478000 404900 6739 
Notes: 
a from analysis of New Zealand Fire Service statistics for residential properties 1995 – 2005. More detail of numbers of incidents, fatalities and injuries 
are provided in Appendix A. 
b from analysis of New Zealand death inquest records of fire victims from 1997 – 2002 (Heimdall, 2005) 
c from USA home structure fire statistics 2000 – 2004. (Aherns 2007) 
d from NFPA 13D (1999), Table A-1-2(b). The statistics are from 1973 – 1983. 
e form Ontario residential fires between 1995 – 2003  (Heimdall, 2005). 
f from England and Wales accidental dwellings statistics for 2002/03. (DCLG 2007) 
g Total number that the percentages in the column above are based on. 
h Living Room includes family room, den and dining room. 
i Hallway includes corridors, lobbies, entrance ways and interior stairs, i.e. escape routes. 
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Figure 50: Percentages of civilian fatalities for various countries over various periods. 
(Details are presented in Table 34 and Table 71.) 
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Figure 51: Percentages of civilian injuries for various countries over various periods. 
(Details are presented in Table 34 and Table 71.) 
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Figure 52: Percentages of residential structure fire incidents for various countries over 
various periods. (Details are presented in Table 34 and Table 71.) 

 
Table 35: Distribution of fire incidents, fatalities and injuries by room of fire origin used 
in the cost benefit analyses. 

Room of Fire 
Origin 

Percentage of 
Civilian Fatalities 

Percentage of 
Civilian Injuries 

Percentage of Fire 
Incidents 

BRANZ 
(2000) 

a 

Current 
Analysis 

BRANZ 
(2000) 

Current 
Analysis 

BRANZ 
(2000) 

Current 
Analysis 

Living Room 25.9 19 16.1 17 - 16 

Bedroom 38.2 34 30.8 26 - 14 

Kitchen 24.1 29 37.2 44 - 41 

Bathroom 0.6 1 1.2 1 - 1 

Laundry  0.6 2 1.2 1 - 3 

Ceiling Space 0.6 1 1.1 1 - 4 

Hallway 1.2 2 2.0 2 - 3 

Garage 2.4 6 2.2. 3 - 4 

Other 6.4 6 8.2 5 - 14 
Notes: 
a Values were based on a combination of New Zealand statistics (Duncan et al., 2000; Irwin, 
1997) and from NFPA 13D (1999), Table A-1-2(b), where the statistics were from 1973 – 1983. 
(Wade & Duncan, 2000) 

 

 



 

92 

7.6 Proportion of Structure Covered by NZS 4517 
Since NZS 4517 does not require full coverage of all areas of a structure for which it is 
designed, a conservative approach was taken by including a coverage parameter. That 
is the coverage parameter for averting potential fatalities, injuries or fire incidents is 
related to the proportion of the rooms covered by NZS 4517. For example, bathrooms 
and ceiling spaces do not have mandatory sprinkler coverage according to NZS 4517. 
Therefore when considering the coverage of home sprinklers, these spaces are 
excluded. As a conservative approach the ‘other’ category, as shown in Table 35, was 
also not included in the coverage of a NZS 4517 system.  

The estimated values of coverage of a NZS 4517 system used for room of fire origin for 
fire incidents was 81% ± 5%, for fatalities was 92% ± 5%, and for injuries was 
93% ± 5%. 

7.7 Expected Number of Lives Saved 
From analysis of 1997 – 2002 New Zealand fire death inquest records, where 
information was available (93 fatal fire incidents), 71% of fatal fires occurred in 
properties without smoke alarms. Another 9.7% of fatal fires occurred in properties 
where alarms were present but inoperative or disabled. (Heimdall, 2005) This 
constitutes a reduction in fatalities of approximately 60%. 

Rohr (2003) reported that analysis of 1989 – 1999 US statistics for average civilian 
fatalities per thousand fires showed the reduction associated with automatic 
suppression equipment was 60% for manufacturing properties, 74% for stores and 
offices, 75% for aged and health care properties, and 91% for hotels and motels. Rohr 
suggested that the statistics underestimate the value of sprinklers, because only 
incidents reported to the fire departments are recorded. An estimate of the impact of 
residential sprinkler systems in USA homes was 74% reduction in death rate.  

Incidents in New Zealand where loss of life has been incurred in sprinklered buildings 
have involved tampering of the sprinkler heads, the victim being intimate with the 
ignition of the fire and/or the victim being covered in accelerant. (BRANZ, 2000) 
According to NFPA incident reports properly operating sprinklers have assisted in 
preventing large loss-of-life incidents where the building was completely sprinklered, 
except in situations involving explosions or flash fires or where people have been killed 
during fire suppression activities. (Rohr, 2003) 

Loss of life may be expected where the victim is intimate with the ignition of the fire, 
some fires with substantial smouldering periods where the victim is immobile and there 
is no quick rescue, where the fire starts in combustibles in a concealed space, or some 
shielded fast-flaming fires. (Rohr, 2003) 

A summary of the published values for reduction for adverted fatalities are presented in 
Table 36. 
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Table 36: Summary of the expected number of fatalities associated with domestic fire 
protection systems. 

Expected number of fatalities per 1000 fires & Percentage 
reduction compared to expected value in the absence of 

any fire protection system 

Source 

In the absence 
of any fire 
protection 

system 
(fatalities/ 
1000 fires) 

Where 
smoke 

alarms are 
present  

(% 
reduction) 

Where 
sprinklers 

are present  
(% 

reduction) 

Where 
smoke 

alarms & 
sprinklers 

are present  
(% 

reduction) 

- 60%    (Heimdall, 2005) a 

- 53%  69%  82%  

(1.46 fatalites/ 
1000fires) 

(Ruegg & Fuller, 1984) 
b 

- - 50%  - (Rahmanian, 1995) 

- - 80 – 90%  - (Ford, 1997) 

- - 55 – 85%  - (Fraser-Mitchell, 2004; 
Williams et al., 2004) c 

- - 74%  - (Rohr, 2003) d

- 53%  70 – 80%  83%  (DCLG, 2007) e

- - 77%  - (Hall, 2007) f 

- - 57%  - (Hall, 2007) g 

9.8 - 40% 

(5.9 fatalites/ 
1000fires) 

- (Rohr, 2003) h

9.7 - 52% 

(4.7 fatalites/ 
1000fires) 

- (Rohr, 2003) i

6.0 53% 

(2.8 fatalites/ 
1000fires) 

80% 

(1.2 fatalites/ 
1000fires) 

83% 

(1.0 fatalites/ 
1000fires) 

Initial BRANZ 2000 
study estimate 
(Duncan et al., 2000) 

Notes:  
a From analysis of NZ fire death incidents. 
b Estimate based on relative frequency of different fire types and proximity of victims to these 
fires. 
c Estimate based on UK statistics correlations, independent of property type. 
d Estimate for US sprinklers in homes (inc. apartments & townhouses). 
e Summary of consensus values. 
f Estimate based on all residential (including apartments. hotels or motels, dormitories and 
barracks) non-confined structure fires 2002 – 2004 
g Estimate based on all apartments non-confined structure fires 2002 – 2004. 
h Based on US 1999 statistics for reported one- and two-family dwelling fires. 
i Based on US 1989 – 1999 statistics for reported one- and two-family dwelling fires. 
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Considering the total population, to estimate values for the deaths per 1000 fires with 
no sprinklers and no fire alarms present the New Zealand statistics for average number 
of fatalities per year (approximately 21, with a minimum of 15 and a maximum of 28) 
and fatalities per 1000 fires (approximately 6.8, with a minimum of 4.7 and a maximum 
of 9.5), as presented in Table 10, were used in combination with an assumed reduction 
in residential fire fatalities of 53% when smoke alarms were present. Therefore the 
estimate used for the values for the number of deaths per 1000 fires when no sprinkler 
system and no smoke alarm system is present was an average of 8.7, with a minimum 
value of 6 and a maximum value of 12.  

Using the same approach as applied for the total population, sectors of the residential 
property stock was considered according to occupier type using the results of the 
statistical analysis presented in Table 11 and Table 12. The results are summarised for 
each of the property occupier types in Table 38. 

The reductions for adverted fatalities assumed for this study are summarised in 
Table 39. 
Table 37: Summary of the statistics used to calculate the expected number of fatalities 
associated with domestic fires in the absence of any fire protection system for each 
property occupier type considered in this study. 

 Fatalities/ year 

 Average Minimum Maximum 

All residential properties 21 15 28 

Owner occupied 
properties 

9 3 15 

Not owner occupied 
properties 

10 1 16 

State owned 1 0 5 

Housing NZ 2 0 4 

Rented properties 8 1 12 

 
Table 38: Summary of the expected number of fatalities associated with domestic fires in 
the absence of any fire protection system for each property occupier type considered in 
this study. 

Fatalities/ 
1000 fires/ 
year 

 

All 
residentia

l 
propertie

s 

Owner 
occupied 
propertie

s 

Not owner 
occupied 
properties 

State 
owne

d 

Housing 
NZ 

Rented 
propertie

s 

Average 8.5 6.5 9 4 10 11

Minimum 6 3 3 1 0 5

Maximum 12 9 13 15 27 15
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Table 39: Summary of the percentage reduction from the conditions where no domestic 
fire safety is present in fatalities for smoke alarms and sprinklers used for the current 
study for all types of property occupier considered. 

Where smoke alarms 
are present  

(% reduction) 

Where sprinklers 
are present  

(% reduction) 

Where smoke alarms & 
sprinklers are present  

(% reduction) 

53% 80% 83% 

 

7.8 Expected Number of Injuries 
A summary of published values for reductions in civilian injuries where combinations of 
smoke alarms and sprinklers are present is presented in Table 40. The estimates of the 
reduction in civilian injuries attributed to smoke alarms and sprinkler systems used for 
this study are presented in Table 45. 

For the total building stock considered, to estimate values for the injuries per 1000 fires 
with no sprinklers and no fire alarms present the New Zealand statistics for average 
number of fatalities per year (approximately 240, with a minimum of 180 and a 
maximum of 300) and fatalities per 1000 fires (approximately 77, with a minimum of 57 
and a maximum of 88), as summarised in Table 41, were used in combination with an 
assumed reduction in residential fire fatalities of 70% when smoke alarms were 
present. Therefore the estimates used for the study for the number of injuries per 1000 
fires when no sprinkler system and no smoke alarm system is present was an average 
of 110, with a minimum value of 70 and a maximum value of 120, as presented in 
Table 42.  

A similar approach was used for each of the categories of property occupier. A 
summary of the values used in the current study is presented in Table 42. 

Since the statistical data set for the property occupier type did not include minor 
injuries, whereas the data sets associated with the cost of fire related injuries and the 
statistics for the overall residential building stock did include minor injuries, minor 
injuries were approximated for the property occupier fire incident statistics. Details of 
the assumptions used for this approximation are included in Appendix 10.2B.1.1 and 
Table 75. The associated values used in the current study are presented in Table 44. 
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Table 40: Summary of the expected number of injuries associated with domestic fire 
protection systems. 

Expected number of injuries per 1000 fires Source 

In the 
absence of 

any fire 
protection 

system 

Where 
smoke 

alarms are 
present  

(% 
reduction) 

Where 
sprinklers 

are present  
(% 

reduction) 

Where 
smoke 

alarms & 
sprinklers 

are present  
(% 

reduction) 

70 - - - (Beever & Britton, 1999) 
a 

- - 46%  46%  

(14 injuries/ 
1000fires) 

(Ruegg & Fuller, 1984) b

-  30 – 15% - (Beever & Britton, 1999) 
c 

40 70% 

(12 injuries/ 
1000fires) 

- - (Wade & Duncan, 2000) 
d, e 

- - 30±15% - (Fraser-Mitchell, 2004) f

- 70%  45 – 65%  45 – 85%  (DCLG, 2007) g 

40 70% 

(12 injuries/ 
1000fires) 

62% 

(15 injuries/ 
1000fires) 

75% 

(10 injuries/ 
1000fires) 

Initial BRANZ 2000 study 
estimate (Duncan et al., 
2000) 

Notes:  
a Based on Australian statistics. 
b Estimate based on relative frequency of different fire types and proximity of victims to these 
fires. 
c Estimate for one- and two-family dwelling fires. 
d Based on NZFS statistics. 
e Estimate based on four battery operated alarms (for 1- and 10- year battery life). 
f Estimate based on UK statistics correlations. 
g Summary of consensus values. 
 
Table 41: Summary of the statistics used to calculate the expected number of injuries 
associated with domestic fires in the absence of any fire protection system for each 
property occupier type considered in this study. 

 Injuries/ year 

 Average Minimum Maximum 

All residential properties 77 57 88 

Owner occupied 
properties 

58 21 84 

Not owner occupied 65 38 86 
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properties 

State owned 8 0 17 

Housing NZ 13 6 22 

Rented properties 44 21 67 

 
Table 42: Summary of the expected number of injuries associated with domestic fires in 
the absence of any fire protection system for each property occupier type considered in 
this study. 

Injuries/ 
1000 fires/ 
year 

 

All 
residentia

l 
propertie

s 

Owner 
occupied 
propertie

s 

Not owner 
occupied 
properties 

State 
owne

d 

Housing 
NZ 

Rented 
propertie

s 

Average 110 44 65 40 75 65
Minimum 70 30 40 0 40 45
Maximum 120 60 90 95 130 75
 
Table 43: Summary of the statistics including the approximations for minor injuries used 
to calculate the expected number of injuries associated with domestic fires in the 
absence of any fire protection system for each property occupier type considered in this 
study. 

 Injuries/ year 
 Average Minimum Maximum 
Owner occupied properties 113 84 155 
Not owner occupied properties 128 69 209 
State owned 16 0 30 
Housing NZ 24 11 39 
Rented properties 89 54 158 
 
Table 44: Summary of the expected number of injuries including the approximations for 
minor injuries associated with domestic fires in the absence of any fire protection 
system for each property occupier type considered in this study. 

Injuries/ 
1000 fires/ 
year 

Owner 
occupied 
propertie

s 

Not owner 
occupied 
properties 

State 
owne

d 

Housing 
NZ 

Rented 
propertie

s 

Average 85 120 75 135 125 
Minimum 65 80 0 85 85 
Maximum 115 180 180 230 195 
 
Table 45: Summary of the percentage reduction from the conditions where no domestic 
fire safety is present in injuries for smoke alarms and sprinklers used for the current 
study for all types of property occupier considered. 

Where smoke alarms 
are present  

Where sprinklers 
are present  

Where smoke alarms & 
sprinklers are present  
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(% reduction) (% reduction) (% reduction) 

70% 62% 75% 

 

 

7.9 Number of Fire Incidents 
New Zealand Fire Service statistics show that over the five-year period from 1993 to 
1997, the average number of fires in one- and two-family dwellings each year was 
5,967. It was assumed the average number of dwellings to be 1,318,800 over the same 
period provide an estimate of 0.0045 reported fires per year per household. This rate 
included both structure and non-structure fires. 

Irwin (1997) also analysed New Zealand Fire Service data for the period 1986 to 1994, 
and determined the average number of reported structure fires in domestic buildings 
(1- 2 family dwelling and apartments, flats) to be 4668 per year. Based on an average 
number of dwellings of 1,152,000 over that period provides an estimate of 0.0041 
reported fires per year per household. 

A fire incident rate of 0.004 fires per year per household was assumed for the previous 
home sprinkler (Wade & Duncan, 2000) study, based on the then current New Zealand 
data from NZFS statistics 1993 – 1997 and Irwin’s (1997) analysis. Although higher 
than the equivalent Australian data, this was assumed to provide a conservative 
estimate of the actual fire incident rate, due to the number of fires that are discovered 
and extinguished without a call to the Fire Service and therefore not included in fire 
service statistics. 

Future growth or reduction of the number of fire incidents per year was not included in 
the initial cost benefit analysis (Wade & Duncan, 2000). 

For this study, structure fires only were considered. This reduced the number of fire 
incidents per year compared to the previous study (Wade & Duncan, 2000). Based on 
the analysis of New Zealand Fire Service statistics summarised in Section 4.1, the 
average number of structure fire incidents per year was estimated to be 3,200, with a 
minimum of 2,700 fire incidents and a maximum of 3,500 fire incidents. The values for 
the number of fire incidents per household per year are similar for both New Zealand 
statistics (0.002 – 0.0035, Figure 7) and USA statistics (0.003 – 0.004, Table 16). The 
New Zealand statistics show a slight decrease with time over the period from 1995 to 
2005, however the values are still within a small range. For this study, the number of 
residential structure fire incidents was assumed to be proportional to number of 
households. 

Considering properties where the occupier is not the owner of the property (as 
discussed in Section 4.1.2), the average number of fire incidents per property is more 
than twice that reported for owner occupied properties (Table 11). Therefore it is 
considered of use to assess the various categories of property occupier, for which 
there are statistics for comparison. A summary of the number of fire incidents per year 
for the various occupier categories considered in this study is presented in Table 46. 
Table 46: Summary of the number of fire incidents per year used for the first year of the 
study for each property occupier type considered in this study. 

Property Occupier Category Fire Incidents/ year 

Average Minimum Maximum 

All residential properties 3,200 2,700 3,500

Owner occupied properties 1,950 700 2,400
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Not owner occupied properties 1,550 650 1,850

State owned 280 120 350

Housing NZ 250 110 290

Rented properties 1,000 430 1,300

7.10 Number of Households 
The total number of detached dwellings and flats (including unoccupied properties) was 
1,435,000 in 2001. (QVNZ As at March 2001) The distribution of the decade built for 
the building stock, as at the 2001 consensus is shown in Figure 53. Houses and other 
single-storey dwellings accounted for approximately 85% of the total stock of 
residential dwellings, as indicated in the 2001 consensus. (BERL 2005) 

The previous home sprinkler cost benefit analysis (Wade & Duncan, 2000) did not 
include future growth of the building stock.  

The initial number of houses used in the study for each category of property occupier is 
presented in Table 47. The average increase in building stock for each of the occupier 
categories considered in this study is presented in Table 48. These values are based 
on analysis of the New Zealand consensus data for the years 1991, 1996, 2001 and 
2006. These number for the categories of building stock by occupier type may include 
some multistorey buildings where NZS 4515 or NZS 45 41 would apply instead of 
NZS 4517. Therefore this should be taken into consideration when analysing the model 
results. 

An average increase in the total building stock of 0.5% per annum was assumed for the 
current study. 

It should be noted that for each of the combined categories of households (i.e., total 
residential stock and not owner occupied residential building stock) the model results 
reflect the implied assumption of the homogeneity of the categories included. That is, 
each sub-category within either the total building stock or the not owner occupied 
categories are assumed to proportionally increase or decrease over the period 
considered for analysis, whereas in reality they are not proportional (as indicated by 
consideration of Table 48). 
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Figure 53: New Zealand housing stock by decade built. (QVNZ, as at March 2001) 

 
Table 47: Summary of the number of households used for the first year of the study for 
each property occupier type considered in this study (based on the average number of 
houses reported in the New Zealand consensus over the years considered in 
Section 4.1). 

Property Occupier Category Number of Households 

All residential properties 1,500,000

Owner occupied properties 782,000

Not owner occupied properties 325,000

State owned 23,500

Housing NZ 57,300

Rented properties 244,000

 
Table 48: Average percentage increase per year of the building stock by each category of 
residential property occupier considered in this study. 

Property Occupier 
Category 

Average 
Percentage 

Increase per Year 
in Building Stock 

Minimum 
Percentage 

Increase per Year 

Maximum 
Percentage Increase 

per Year 

 

Owner occupier -0.3% -0.9% 0.1% 
Not owner occupied 2.6% 1.5% 4.7% 
State owned -3.2% -4.1% -2.3% 
Housing NZ -1.5% -3.6% -0.1% 
Rented property 4.4% 2.3% 6.9% 
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7.11 Discount Rate 
“The real, after-tax annual rate of return in large-cap stocks over the period 1925 – 
2005… is 4.8%, and the average yield rate for municipal bonds over the period 1919 to 
2004 is 1.3%.” (Brown, 2005) 

For a previous BERL cost benefit study (2003) it was recognised that there is no 
‘standard’ or agreed discount rate. Therefore estimates of 10, 5 and 3 and zero% were 
considered for the sensitivity analysis. These estimates for the discount rate were 
considered to be within the range suggested as appropriate in the context of health 
research. (BERL, 2003) 

The discount rate assumed for this study was an average of 8%, with a minimum of 7% 
and a maximum of 9%. 

7.12 Inflation Rate 
The inflation rate assumed for this study was an average of 2.1%, with a minimum of 
2% and a maximum of 3%. 

7.13 Discounting of Lives and NZ Ecopoints 
Lives and NZ Ecopoints were not discounted in this study.  

That is, it was assumed that one life today is equal to one life in the future. This allows 
direct comparison with net present values for estimated values of a statistical life, since 
it would be the monetary value that would change with the assumed real discount rate 
over the period of analysis, whereas the number of lives saved would not be 
discounted in addition. 

Similarly it was assumed that the monetary value assigned to a NZ Ecopoint would be 
affected by the real discount rate, and therefore the NZ Ecopoints would not be 
discounted within this study. Again this allows estimated net present values for the 
monetary value of 100 NZ Ecopoints to be compared directly from the results of this 
study. 

7.14 Sprinkler System Life 
The home sprinkler system life was assumed to be the same as that of domestic 
plumbing. This was assumed to be 50 years. 

7.15 Analysis Period 
The analysis period considered was the equivalent of the assumed value for a sprinkler 
system life. 

7.16 Sprinkler Installation Costs 
Considering the monetary aspects of sprinkler installation costs as listed in ASTM 
E917-05 Standard Practice for Measuring Life-Cycle Costs of Buildings and Building 
Systems, the aspects included are costs of: 

 designing,  

 purchasing/leasing,  

 constructing/ installing,  

 operating,  

 maintaining, repairing, replacing, and  

 disposal.  
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Another factor for consideration is the potential reduction in sprinkler installation costs 
when an ordinance is adopted. For example, the estimated installation cost in 
Scottsdale was approximately 7 cents per square meter, whereas the national average 
cost is approximately 9 to 14 cents per square meter. (Ford, 1997) 

An example for USA residential sprinkler systems was presented by Brown (2005) for a 
range of house sizes. A summary for the results is included in Table 49. 

The costs assumed for design and installation costs for this study are presented in 
Table 50. 
Table 49: Summary of estimated system design and installation costs, including water 
supply costs. 

Fully Furnished House 
(Retrofit) 

New Build Source 

Quoted Value NZ 2008 
Monetary 

Equivalent * 

Quoted Value NZ 2008 
Monetary 

Equivalent * 

£1,050 – 2,080 $2,800 – 
5,500 

£480 $1,300 (DCLG, 2007) a 

  £1,650 ±150 $5,900 ±600 (Fraser-Mitchell, 
2004) b 

  US$700 – 1,600 

(avg. US$1,100) 

$1,200 – 2,600 

(avg. $1,800) 

(Brown, 2005) c 

  US$1,500 –
 2,200 

(avg. US$1,800) 

$2,400 – 3,600 

(avg. $2,900) 

(Brown, 2005) d 

  US$1,600 –
 2,500 

(avg. US$2,000) 

$2,600 – 4,000 

(avg. $3,200) 

(Brown, 2005) e 

 $900 – 3,200 

(avg, $3,200) 

 $700 – 2,200 

(avg. $1,100) 

Small house f 

 $2,500 – 
5,400 

(avg. $3,600) 

 $1,400 – 4,800 

(avg. $3,300) 

Large house f 

Notes: 
* The New Zealand monetary equivalent was estimated simply using currency conversions and 
the same assumed values for discount rate and inflation rate as used throughout the study, as 
detailed in Appendix A. 
a Lower cost UK home sprinkler system that assumes single sprinkler operation. 
b UK residential sprinkler system. 
c US residential sprinkler systems estimated for 6 different sprinkler systems (using a 30% 
material markup) in a representative example of a single family home: a 109 m² one-storey 
ranch. 
d US residential sprinkler systems estimated for 6 different sprinkler systems (using a 30% 
material markup) in a representative example of a single family home: a 210 m² three-storey 
townhouse. 
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e US residential sprinkler systems estimated for 6 different sprinkler systems (using a 30% 
material markup) in a representative example of a single family home: a 310 m² two-storey 
colonial with basement.  
f Averages estimated from local New Zealand survey. Details included in and Appendix C. 
 

 
Table 50: Assumed design and installation costs used for this study. 

 Average Cost Minimum Cost Maximum Cost 

Retrofit  2400 900 5400 

New Build  2100 700 4800 

 

7.17 Fire Injury and Mortality Costs 
It is often argued that it is not possible to place a value on casualties in fire, or any 
other situation. However, such values are implicit in choices that policy-makers face 
every day. The decision on whether to fund a road improvement against a new school, 
or to target domestic over other types of fire requires a judgement by a decision-maker 
and places an implicit value on casualties. There are research techniques that are 
increasingly being used to place objective values on the cost of casualties. These 
values include three elements (Office of the Deputy Prime Minister, 2005): 

 Healthcare costs. Fire casualties tend to result in costs to the NHS. Reducing 
these casualties will free money and time to be used on other conditions. 

 Lost output. Fire victims will often have to take time off work. This represents a 
reduction in production in the economy. Preventing fatalities and injuries will 
increase the output of the economy. 

 Emotional and physical suffering. The emotional and physical suffering of victims 
is a significant cost and the hardest to value. It is not possible to value the cost to 
the individual of experiencing an incident, since different people will be affected in 
very different ways. To attempt to value this would demean the trauma suffered. 
However, it is possible to derive the value society places in preventing this 
incident occurring.  

A variety of organisations around the world have attempted to value casualties. The 
values used in this study are published by the Department for Transport and have been 
used for a number of years in the appraisal of road schemes. (Department for 
Transport, 2004) 

A significant element of the value of avoiding fatalities is the gain made by society in 
terms of increased output. This is a function of the age profile of those at risk and their 
potential years in work. There is likely to be a significant difference in the age profile of 
those most at risk of fatality in road accidents and in fires and therefore we would 
expect the value of lost output and thus the statistical value of life to differ between the 
two hazards. There is also some evidence to suggest that people place different values 
on suffering injury or ill health from different causes. Further research may provide 
more appropriate estimates for use in estimates of the cost of fire. 

The DfT research also provides guidance on valuing serious and slight injuries. In order 
to apply these figures to fire casualties it is therefore necessary to classify injuries by 
severity, which is an area that fire statistics do not currently record in much detail. 
General categories of burns, smoke inhalation, physical injuries and other injuries are 
recorded, but within these categories there can be significant variation in the severity of 
injuries. The assumptions used by Roy (1997) are retained. All injuries involving burns 
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and 25 per cent of injuries involving smoke inhalation are classified as serious injuries. 
The remainder are assumed to be slight. 

Beever and Britton (1999) assumed a value of A$21,100 as the cost per fire injury. This 
included pain and suffering, patient and visitor transportation, and estimated lost 
earnings. 

Earlier cost-benefit studies from the U.S. (Ruegg and Fuller, 1984) used US$20,000. 
This USA study was also the basis for the studies done by Rahmanian (1995) and 
Strategos (1989) 

A value of $30,000 for the average cost of a fire injury was used the BRANZ (2000) 
study which was similar to the Australian value after accounting for exchange rates and 
inflation. 

BERL (2005) estimated the direct costs of fire-related injuries based on Health 
Information Service (HIS) and Accident Compensation Corporation (ACC) records for 
the period between 1999 and 2003. An average of 467 apparent fire-related injuries per 
annum was estimated. Hospital costs were on average $4825 per injury. Average ACC 
costs were approximately $3.7 million per annum, where 95% of this cost was 
attributed to compensation of on-going claimants.  

BERL (2005) estimated average indirect fire-related injury costs based on New 
Zealand Land Transport Safety Authority (LTSA) estimates for Value of Statistical Life 
(VoSL). The NZFS combined categories of slight & moderate fire-related injury were 
estimated to be equivalent to the LTSA category of minor injury, with an indicative 
monetary value of $102,000. The NZFS category of life threatening fire-related injury 
was estimated to be equivalent to the LTSA category of serious injury, with an 
indicative monetary value of $255,000. The indirect cost of mortality was estimated as 
$2,550,000. 

Estimates based on 1999 UK fire statistics suggested 37% of all residential (including 
care homes) civilian injuries were serious. (Fraser-Mitchell, 2004) 
Table 51: Summary of indirect costs associated with fire-related injuries. 

Indirect cost per 
slight or moderate 

injury 

Indirect cost per 
life-threatening 

injury 

Indirect cost for 
mortality 

Source 

Quoted 
Value 

NZ 2008 
Monetary 

Equivalent 
* 

Quoted 
Value 

NZ 2008 
Monetary 

Equivalent 
* 

Quoted 
Value 

NZ 2008 
Monetary 

Equivalent 
* 

$102k 
(2005) 

$136k $255k 
(2005) 

$340k $2,550k 
(2005) 

$3,400k (BERL 2005) 

    US$2,700k 
(1998) 

$8,500k From a FAA 
funded report 
(Hoffer et al. 
1998; Porter, 
2002) 

    US$400k – 
4,000k 
(1981) 

$6,400k – 
$64,000k 

(Fischhoff et al., 
1981; Porter, 
2002) 

  £58.3k 
±6.7% 
(2002) 

$2,500k 
±6.7% 

£1,243k 
±5% 
(2002) 

$5,300k 
±5% 

(Fraser-Mitchell, 
2004) 

$102k 
(2005) 

$136k $255k 
(2005) 

$340k For comparison with 
analysis results a 

Estimates 
assumed for 
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current study 
Notes: 
* The New Zealand monetary equivalent was estimated simply using currency conversions and 
the same assumed values for discount rate and inflation rate as used throughout the study, as 
detailed in Appendix A. 
a For comparison with assessment results, see Section 8.4. 
 

 
Table 52: Summary of direct costs associated with fire-related injuries. 

Direct cost per injury  Source 

Quoted Value NZ 2008 
Monetary 

Equivalent * 

NZ$13,000 (2005) $17,400 Based on hospital & ACC costs (BREL 2005) 

A$21,100 (1999) $55,700 Including pain and suffering (Beever and 
Britton 1999) 

US$20,000 (1984) $240,000 (Ruegg and Fuller, 1984; Rahmanian, 1995; 
Strategos,1989) 

NZ$30,000 (2000) $64,800 Initial BRANZ 2000 study estimate (Duncan et 
al 2000) 

 $17.4k – 64.8k

(avg. $30k)

Estimate assumed for the current study 

Notes: 
* The New Zealand monetary equivalent was estimated simply using currency conversions and 
the same assumed values for discount rate and inflation rate as used throughout the study, as 
detailed in Appendix A. 
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7.18 Property Fire Damage Costs 
Rahmanian (1995) analysed New Zealand insurance data applicable between 1990-
1994. He estimated that the average property loss due to domestic fires in New 
Zealand to be $74 million per year. Assuming the average number of reported structure 
fires in domestic buildings to be 4668 fires per year (Irwin, 1997) gives the average 
property loss per fire as approximately $16,000. 

From the analysis of Scottsdale data of property loss in sprinklered houses taken over 
a ten-year period, the average value for property loss was found to be $US 1,700 
(Ford, 1997).  

Data supplied by the Insurance Council of New Zealand (Gravestock, 1999) indicated 
that the average home fire insurance claim over a recent 12 month period to be 
$13,300. This comprised both contents ($4,700) and building ($8,600) claims. 
However, the extent of smoke alarm or sprinkler coverage (if any) associated with 
these claims was not known. 

BERL (2005) have estimated the average cost of building and contents damage per 
dwelling fire to be $18,000 – $20,000. The average value of household fire-related 
insurance claims was approximately $16,000 per fire. (BERL 2005) 

Rohr (2003) reported that analysis of 1989 – 1999 US statistics for average value of 
direct property damage per fire showed the reduction associated with automatic 
suppression equipment was 64% for manufacturing properties, 53% for stores and 
offices, 66% for aged and health care properties, and 70% for hotels and motels. An 
estimate of the impact of residential sprinkler systems in homes was 74% reduction in 
death rate. Rohr suggested that the statistics underestimate the value of sprinklers, 
because only incidents reported to the fire departments are recorded. 

The percentage of fires confined to the room of fire origin (excluding structures under 
construction and sprinklers not in fire area) was 57% when no automatic extinguishing 
system was present and 67% when sprinklers of any type were present for one- and 
two-family dwellings, and 74% when no automatic extinguishing system was present 
and 92% when a sprinkler of any type was present (based on 2002 – 2004 US non-
confined structure fire statistics). (Hall, 2007) 

The published values and the assumed values for this study are summarised in 
Table 53. 
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Table 53: Summary of property loss values for various fire safety systems present 

Average loss per fire when 
automatic suppression was 

present 

Average loss per fire 
when automatic 

suppression was not 
present 

Source 

Quoted 
Value 

Percentage 
Reduction 
from when 

no 
automatic 

suppression 
was present 

Quoted 
Value 

NZ 2008 
Monetary 

Equivalent 

US$1,700    (Ford, 1997).a 

US$2,200 95% US$45,000 
(2001) 

$106k (Jelenewicz, 2005) b

US$3,700 88% US$32,000 
(2003) 

$62.1k (Jelenewicz, 2005) c

US$5,400 50% US$10,900 $14.4k (Aherns 2007) e 

  NZ$18,000-
$20,000 

$24k – 27k (BERL 2005) f 

 50±15%    (Fraser-Mitchell, 2004) g
US$5,400 42%  US$9,400 $18.2k (Rohr, 2003) h 

US$10,300 24%  US$13,500 $26.2k (Rohr, 2003) i 
 50 – 66%    (Rohr & Hall, 2005) j

US$7,800 19%  US$9,600 $18.6k (Rohr, 2003) k 

US$4,400 49% US$7,800 $15.2k (Rohr, 2003) m 

US$11,000 17% US$13,200 $25.6k (Rohr, 2003) n 

US$6,000 45% US$10,800 $21.0k (Rohr, 2003) o 
US$14,700 42% US$25,100 $33.2k (Hall, 2007) p 

US25,900 40% US$15,600 $20.6k (Hall, 2007) q 

NZ$3,600 79% NZ$17,200 $37.1k Initial BRANZ 2000 study 
estimate (Duncan et al., 
2000) 

 20% – 95%  
(avg. 50%) 

 $15k – 100k 
(avg. $30k) 

Estimate assumed for 
current study 

Notes:  
a From the analysis of Scottsdale data over a 10-year period. 
b Based on Scottsdale home data. 
c Based on Prince George’s County single-family home data. 
d From the analysis of New Zealand insurance data. 
e US home structure fires, 1994-1998 annual averages. 
f Estimated the average cost of building and contents damage per dwelling fire. 
g Estimate based on US statistics. 
h Estimate based on US average direct property damage per residential (including one-& two-
family dwellings, apartments, hotels, motels, dormitories, barracks) fire 1989 – 1998. 
i Estimate based on US average direct property damage per residential (including one-& two-
family dwellings, apartments, hotels, motels, dormitories, barracks) fire 1999. 
j Estimate based on US 1989 – 1998 all building statistics. 
k Based on US 1989 – 1998 one- & two-family dwellings statistics. 
m Based on US 1989 – 1998 apartment statistics. 
n Based on US 1999 home (including one-& two-family dwellings, apartments, and townhouses)  
statistics. 
o Based on US 1999 apartments statistics. 
p Based on US 2002 – 2004 residential (including apartment, hotel and motel) statistics. 
q Based on US 2002 – 2004 residential apartment statistics. 
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7.19 Cost Savings of Fire Service  
Fire Service costs were not included in the 2000 home sprinkler CBA (Duncan and 
Wade 2000). 

Roy (1997) used the number of various types of call-outs to allocate associated costs. 
Weiner (2001) and BERL (2002) used the average number of ‘appliance-hours’ 
attending each type of call-out to take into account differences of resource usage or 
consumption. These incident-based approaches assume the cost of operational 
readiness is equally distributed between all types of incidents. That is, the cost of time 
spent on response and suppression is treated the same as non-fire incidents. 

TriData (1995) assumed an incremental approach, where the majority of operational 
readiness costs are associated with fire protection risk. Therefore costs of equipment, 
personnel and capital not used for fire protection (which was estimated as less than 5% 
of the overall costs of associated with fire services) were deducted. 

BERL (2005) used an approach that combined both of these methodologies to produce 
a result comprising of mixed and fixed costs that was more conservative than the 
incremental approach. Using the 2004 NZFS and rural service budgets (including an 
estimated monetised contribution of volunteers) and statistics, considering all fire 
incidents (including vegetation fires, etc.), the average appliance time per fire (average 
number of appliances per incident multiplied by the average elapsed time per incident) 
was 93 hours, which related to approximately $5,100 of mixed costs and $2,700 of 
fixed costs per fire. 

Cost savings for the fire service may include reduction in rescues required (estimated 
as a 20 – 50% reduction for all UK residential properties, and 40 – 65% reduction for 
flats), or shorter call-out times. (Fraser-Mitchell, 2004; Williams et al., 2004) However it 
was suggested that the value to place on rescues may be difficult assign an 
appropriate monetary value, and Jelenewicz (2005) suggested that it should not be 
included in a pure cost-benefit analysis, but instead be used to provide some 
qualitative insight.  

A study estimated the savings of the Vancouver fire department costs to in the order of 
20 – 30% of the cost of the sprinkler installation. (Williams et al., 2004) 

The assumed values for fire service costs for unsprinklered fires used for this study 
were an average of $5,900, with a minimum of $5,000 and a maximum of $6,500. The 
assumed values for the reduction in cost of the fire service for sprinklered fires was an 
average of 30%, with a minimum of 20% and a maximum of 50%. 

Another aspect of benefits that may be added in future analyses is the reduction of fire 
service fatalities and injuries attributed to home sprinkler systems. 

7.20 Insurance Savings  
An average insurance premium reduction of approximately 10% was offered by the 
majority of local (to the Scottsdale area) insurance agencies for the installation of home 
sprinklers. (Ford, 1997) 

The Office of the Deputy Prime Minister (2005) considered that the payment of 
insurance premiums did not represent a cost of fire to the economy since they were 
transfer payments rather than a welfare loss to society. However, the administration 
cost of insurance is a genuine welfare loss and was therefore included as a cost of fire. 
It was reasoned that if there were no need for fire insurance, the capital and labour 
used by insurance companies to administer policies and claims could be used 
elsewhere. The Association of British Insurers (ABI) records the value of ‘commissions 
and expenses’ for commercial properties, domestic properties and vehicles. It is 
assumed that the proportion of these expenses that are attributable to fire is equal to 
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the proportion of fire claims to total claims. The public sector was assumed to be self-
insured and so no insurance administration was attributable to these fires. ABI data is 
recorded for the UK, but is scaled to England and Wales using their share of UK gross 
value added. (Office of the Deputy Prime Minister, 2005) 

A conservative estimate of reduction in insurance premiums of an average 5%, with a 
minimum of 2% and a maximum of 7% was assumed for this study. 
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8. MODEL EXAMPLE 

This section describes the scenarios considered for analysis, summarises the input 
variables used in the model scenarios, and presents the results and associated 
discussion for the scenarios considered.  

8.1 Scenario Descriptions 
Two alarm combinations were analysed: 

1. With home sprinklers & smoke alarms, and 

2. With home sprinklers but without smoke alarms. 

Six residential property occupier categories were considered: 

1. Total population, 

2. Owner occupied properties, 

3. Not owner occupied properties, 

4. State and council owned properties, 

5. Housing New Zealand owned properties, and  

6. Rented properties. 

Individual input parameters of potential monetary benefits were removed for analyses. 
These benefits were: 

1. fire service costs,  

2. insurance premium reductions, and 

3. indirect costs from civilian fire injuries. 

The ‘base case’ used to throughout this report refers to the case considering home 
sprinkler systems with smoke alarms, including all input parameters, and for all 
property occupier categories. 

 

8.2 Summary of the Input Variable Values 
A summary of the base input parameter values that are common for the scenarios 
discussed in Section 8.1, for both the cost effectiveness analysis and the 
environmental impact module, is presented in Table 54. A summary for the differences 
between property occupier types is presented in Table 55. 

Discussion of the background and selected values for each of the input parameters is 
presented in Section 7. 
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Table 54: Summary of the base inputs for the cost effectiveness analysis and the 
environmental impact modulecommon for all scenarios considered 

Input Description Minimum 
Value 

Average Maximum 
Value 

Sprinkler effectiveness 0.90 0.95 0.99 
Smoke alarm effectiveness * 0.50 0.62 0.90 
Limit of flame damage for effective sprinkler 
system 

2% 5% 7% 

Limit of %structure damage for total loss 60% 70% 80% 
Reduction in deaths per 1000 fires, no sprinklers, 
with alarms 

 53%  

Reduction in deaths per 1000 fires, with sprinklers, 
no alarms 

 80%  

Reduction in deaths per 1000 fires with sprinklers, 
with alarms 

 83%  

Reduction in injuries per 1000 fires, no sprinklers, 
with alarms 

 70%  

Reduction in injuries per 1000 fires, with sprinklers, 
no alarms 

 62%  

Reduction in injuries per 1000 fires with sprinklers, 
with alarms 

 75%  

Proportion of new households sprinklered  100%  
Rate of retrofit of sprinkler in households 7% 10% 15% 
Proportion of existing housing with smoke alarms 50% 60% 70% 
Proportion of new households with smoke alarms  100%  
Proportions of current building stock:
Type A a  5%  
Type B a  15%  
Type C a  10%  
Type D a  30%  
Type E a  10%  
Type F a  30%  
Proportions of new building stock:
Type A a  5%  
Type B a  15%  
Type C a  10%  
Type D a  30%  
Type E a  10%  
Type F a  30%  
Proportions of sprinkler types: 
Type A b  33%  
Type B b  33%  
Type C b  34%  

Notes: 
* For the cases of no smoke alarms, the smoke alarm effectiveness was set to zero. 
a The types of building stock are as described in Table 80. 
b The types of sprinkler system are as described in Table 81. 
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Table 54 continued: Summary of the base inputs for the cost effectiveness analysis and 
the environmental impact modulecommon for all scenarios considered 

Input Description Minimum 
Value 

Average Maximum 
Value 

Proportion of house sizes 
Large houses  60%  
Small houses  40%  
Discount rate 7% 8% 9% 
Inflation rate 2% 2.1% 3% 
Analysis period (years)  50  
Sprinkler system life (years)  50  
Room of fire origin – distribution of fire incidents
Living room  16%  
Bedroom  14%  
Kitchen  41%  
Bathroom  1%  
Laundry  3%  
Ceiling space  4%  
Hallway  3%  
Garage  4%  
Other  14%  
Proportion of fire incidents where roomcoverage is 
required by an NZS4517 system

-5% 81% +5% 

Room of fire origin – distribution of fatalities
Living room  19%  
Bedroom  34%  
Kitchen  29%  
Bathroom  1%  
Laundry  2%  
Ceiling space  1%  
Hallway  2%  
Garage  6%  
Other  6%  
Proportion of fatalities where the room  of fire origin 
coverage is required by an NZS4517 system

-5% 92% +5% 

Room of fire origin – distribution of injuries
Living room  17%  
Bedroom  26%  
Kitchen  44%  
Bathroom  1%  
Laundry  1%  
Ceiling space  1%  
Hallway  2%  
Garage  3%  
Other  5%  
Proportion of injuries where room of fire origin 
coverage is required by an NZS4517 system

-5% 93% +5% 

Materials & installation & design (new household) $700 $2,100 $4,800 
Materials & installation & design (retrofit) $900 $3,850 $5,400 
Annual Maintenance  $0  
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Table 54 continued: Summary of the base inputs for the cost effectiveness analysis and 
the environmental impact modulecommon for all scenarios considered 

Input Description Minimum 
Value 

Average Maximum 
Value 

Cost per fire injury - direct $17,000 $30,000 $64,800 
Cost per fire injury – indirect $136,000 $200,000 $340,000 
Property loss per unsprinklered fire $15,000 $30,000 $100,000 
Reduction in property loss per sprinklered fire 20% 52% 95% 
Cost of Fire Service per unsprinklered fire $5,000 $5,900 $6,000 
Reduction in cost of Fire Service per sprinklered 
fire 

20% 30% 50% 

Cost of a litre of potable water (considering local 
monetary charges only) 

0.7 c/ℓ 11 c/ℓ  1.5 c/ℓ  

Average Insurance Premium  $300 $600 $900 
Insurance Premium Savings 2% 5% 7% 
Volume of fire-fighting water used in a sprinklered 
house 

 27,500 ℓ  

Volume of fire-fighting water used in an 
unsprinklered house 

 800 ℓ  

NZ Ecopoint cost for the total replacement of a house structure c

Type A a  77  
Type B a  107  
Type C a  73  
Type D a  78  
Type E a  69  
Type F a  70  
NZ Ecopoint cost for a litre of potable water c  9 × 10-11  
NZ Ecopoint cost for a sprinkler system c

     Type A b 
          New Build, Large sprinkler system  0.1  
          New Build, Small sprinkler system  0.03  
          Retrofit, Large sprinkler system  0.2  
          Retrofit, Small sprinkler system  0.08  
     Type B b 
          New Build, Large sprinkler system  0.1  
          New Build, Small sprinkler system  0.03  
          Retrofit, Large sprinkler system  0.2  
          Retrofit, Small sprinkler system  0.08  
     Type C b 
          New Build, Large sprinkler system  0.1  
          New Build, Small sprinkler system  0.04  
          Retrofit, Large sprinkler system  0.2  
          Retrofit, Small sprinkler system  0.09  

Notes:  
a The types of building stock are as described in Table 80. 
b The types of sprinkler system are as described in Table 81. 
c A more detailed description of the NZ Ecopoints is included in 10.2Appendix F. 
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Table 55: Summary of the base inputs for the cost effectiveness analysis and the 
environmental impact modulecommon for all scenarios considered 

Input Description Minimum 
Value 

Best 
Value 

Maximum 
Value 

Deaths per 1000 fires, no sprinklers, no alarms
Total population 6 8.7 12 
Owner occupied properties 3 6.5 9 
Not owner occupied properties 3 9 13 
State and council owned properties 1 4 15 
Housing New Zealand owned properties  0 10 27 
Rented properties 5 11 15 
Injuries per 1000 fires, no sprinklers, no alarms
Total population 70 110 120 
Owner occupied properties 65 85 115 
Not owner occupied properties 80 120 180 
State and council owned properties 0 75 180 
Housing New Zealand owned properties  85 135 230 
Rented properties 85 125 195 
Initial number of house structure fires per year
Total population 2,700 3,200 3,500 
Owner occupied properties 700 1,950 2,400 
Not owner occupied properties 650 1,550 1,850 
State and council owned properties 120 280 350 
Housing New Zealand owned properties  110 250 290 
Rented properties 430 1,000 1,300 
Current number of households
Total population  1,500,000  
Owner occupied properties  782,000  
Not owner occupied properties  325,500  
State and council owned properties  23,500  
Housing New Zealand owned properties   57,300  
Rented properties  244,000  
Increase in households per year
Total population 0.1% 0.5% 1% 
Owner occupied properties -0.9% -0.3% 0.1% 
Not owner occupied properties 1.5% 2.8% 4.7% 
State and council owned properties -4.1% -3.2% -2.3% 
Housing New Zealand owned properties  -3.6% -1.5% -0.1% 
Rented properties 2.3% 4.5% 6.9% 
Initial number of sprinklered households
Total population  1,000  
Owner occupied properties  1,000  
Not owner occupied properties  0  
State and council owned properties  0  
Housing New Zealand owned properties   0  
Rented properties  0  
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8.3 Results – Summary  
A summary of the model results are presented in this section. Detailed model results 
are presented in 10.2Appendix H. 

The results for the distributions of the monetary cost per life saved considering the 
presence of smoke alarms and home sprinkler systems in residential properties: 

 For the base case are shown in Figure 54, 

 For the case excluding potential monetary fire service savings attributable to the 
presence of home sprinkler systems are shown in  Figure 55, 

 For the case excluding potential monetary savings from the reduction of indirect 
costs of civilian fire injuries attributable to home sprinklers are shown in 
Figure 56, and 

 For the case excluding potential reductions in insurance premiums are shown in 
Figure 57. 

The mean, minimum, maximum and standard deviation for the calculated monetary 
cost per life saved are summarised in Table 56. 

The results for the distributions of the NZ Ecopoint cost per life saved for the base case 
are shown in Figure 58. The mean, minimum, maximum and standard deviation for the 
calculated NZ Ecopoint cost per life saved are summarised in Table 57. 

The results for the distributions of the monetary cost per life saved considering the 
presence of only home sprinkler systems in residential properties: 

 For the base case are shown in Figure 59, 

 For the case excluding potential monetary fire service savings attributable to the 
presence of home sprinkler systems are shown in Figure 60, 

 For the case excluding potential monetary savings from the reduction of indirect 
costs of civilian fire injuries attributable to home sprinklers are shown in 
Figure 61, and 

 For the case excluding potential reductions in insurance premiums are shown in 
Figure 62. 

The mean, minimum, maximum and standard deviation for the calculated monetary 
cost per life saved are summarised in Table 58. 

The results for the distributions of the NZ Ecopoint cost per life saved for the base case 
are shown in Figure 63. The mean, minimum, maximum and standard deviation for the 
calculated NZ Ecopoint cost per life saved are summarised in Table 59. 

It should be noted that the total residential building stock category results cannot be 
directly compared to the other categories, since the total building stock category 
assumes that the proportions of each of the sub-categories remains proportional 
throughout the analysis period. Whereas the various individual sub-categories are 
assumed to increase or decrease, based on the observed trend from New Zealand 
consenses data. In addition, the fire statistics used for the total residential building 
stock model inputs included statistics reported with “unknown” and “not recorded” 
statistical categories (as discussed in Section 4.1.2.1), whereas these were removed 
from the other property occupier categories since they could not be classified. 

Similarly, the category for not owner occupied residential properties assumes that the 
proportion of state owned, Housing NZ owned and rental properties remains the same 
over the analysis period. However the impact for the not owner occupied category is 
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minor compared to the compounded assumptions for the total residential building stock 
previously discussed. 
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Figure 54: Cumulative percent distribution for the monetary cost per life saved when 
considering sprinklers and smoke alarms present for the base case. 
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Figure 55: Cumulative percent distribution for the monetary cost per life saved when 
considering sprinklers and smoke alarms present excluding fire service costs. 
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Figure 56: Cumulative percent distribution for the monetary cost per life when 
considering sprinklers and smoke alarms present excluding indirect injury costs. 
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Figure 57: Cumulative percent distribution for the monetary cost per life saved when 
considering sprinklers and smoke alarms present excluding reductions in insurance 
premiums. 
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Table 56: Summary of the minimum, mean, maximum and standard deviation results for 
the monetary cost per life saved for the various cases considered for sprinklers and 
smoke alarms being present. 

Base Case 
Residential 
Building Stock Total Stock

Owner 
Occupied 

Not Owner 
Occupied 

State 
Owned 

Housing NZ 
Owned Rented 

Minimum -$32,000 -$2,300,000 -$1,900,000 -$18,000,000 -$7,400,000 -$1,500,000
Mean $6,300,000 $7,000,000 $2,700,000 -$1,500,000 $1,900,000 $3,100,000
Maximum $13,000,000 $23,000,000 $10,000,000 $4,700,000 $49,000,000 $11,000,000
Standard 
Deviation $2,100,000 $3,400,000 $1,600,000 $2,000,000 $2,600,000 $1,600,000
Excluding Fire Service Costs 
Residential 
Building Stock Total Stock

Owner 
Occupied 

Not Owner 
Occupied 

State 
Owned 

Housing NZ 
Owned Rented 

Minimum $35,000 -$2,600,000 -$2,200,000 -$17,000,000 -$4,600,000 -$690,000
Mean $6,400,000 $6,900,000 $2,700,000 -$1,500,000 $2,000,000 $3,200,000
Maximum $15,000,000 $30,000,000 $11,000,000 $4,200,000 $120,000,000 $12,000,000
Standard 
Deviation $2,200,000 $3,600,000 $1,600,000 $2,000,000 $3,400,000 $1,700,000
Excluding Indirect Injury costs 
Residential 
Building Stock Total Stock

Owner 
Occupied 

Not Owner 
Occupied 

State 
Owned 

Housing NZ 
Owned Rented 

Minimum $370,000 -$2,900,000 -$1,400,000 -$20,000,000 -$7,700,000 -$1,200,000
Mean $6,400,000 $6,900,000 $2,700,000 -$1,500,000 $1,900,000 $3,200,000
Maximum $15,000,000 $24,000,000 $13,000,000 $4,700,000 $57,000,000 $11,000,000
Standard 
Deviation $2,100,000 $3,600,000 $1,700,000 $2,000,000 $2,600,000 $1,700,000
Excluding Reductions in Insurance Premiums
Residential 
Building Stock Total Stock

Owner 
Occupied 

Not Owner 
Occupied 

State 
Owned 

Housing NZ 
Owned Rented 

Minimum $920,000 -$1,100,000 -$940,000 -$24,000,000 -$2,100,000 -$290,000
Mean $7,300,000 $8,300,000 $3,200,000 -$1,100,000 $2,500,000 $3,700,000
Maximum $15,000,000 $28,000,000 $14,000,000 $4,100,000 $48,000,000 $12,000,000
Standard 
Deviation $2,200,000 $3,800,000 $1,700,000 $1,900,000 $3,000,000 $1,800,000
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Figure 58: Cumulative percent distribution for the NZ Ecopoint savings per life saved for 
the total residential building stock when considering sprinklers and smoke alarms 
present.  

 
Table 57: Summary of the minimum, mean, maximum and standard deviation results for 
the NZ Ecopoint cost per life saved for the various cases considered for sprinklers and 
smoke alarms being present. * 

Residential 
Building Stock 

Total 
Stock 

Owner 
Occupied 

Not Owner 
Occupied 

State 
Owned 

Housing 
NZ Owned 

Rented

Minimum -4,800 -11,000 -5,900 -91,000 -130,000 -3,100 
Mean -2,800 -5,000 -2,100 -17,000 -5,600 -1,100 
Maximum -1,700 -2,500 -820 -4,400 -1,300 -190 
Standard 
Deviation 470 1,200 620 10,000 5,400 340 

Note: * The results relating to the base case are presented here, since the cases considering 
excluding various monetary benefits does not affect the NZ Ecopoint results. 
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Figure 59: Cumulative percent distribution for the monetary cost per life saved for the 
total residential building stock when considering only sprinklers being present for the 
base case. 
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Figure 60: Cumulative percent distribution for the monetary cost per life saved for the 
total residential building stock when considering only sprinklers being present excluding 
fire service costs. 
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Figure 61: Cumulative percent distribution for the monetary cost per life saved for the 
total residential building stock when considering only sprinklers being present excluding 
indirect injury costs. 
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Figure 62: Cumulative percent distribution for the monetary cost per life saved for the 
total residential building stock when considering only sprinklers being present excluding 
reductions in insurance premiums. 
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Table 58: Summary of the minimum, mean, maximum and standard deviation results for 
the monetary cost per life saved for the various cases considered for only sprinklers 
being present.  

Base Case 
Residential 
Building Stock Total Stock

Owner 
Occupied 

Not Owner 
Occupied 

State 
Owned 

Housing NZ 
Owned Rented 

Minimum -$190,000 -$930,000 -$1,200,000 -$10,000,000 -$3,600,000 -$440,000
Mean $3,700,000 $4,100,000 $4,100,000 -$970,000 $1,100,000 $1,800,000
Maximum $7,200,000 $17,000,000 $16,000,000 $2,400,000 $32,000,000 $7,500,000
Standard 
Deviation $1,200,000 $2,100,000 $2,100,000 $1,300,000 $1,600,000 $990,000
Excluding Fire Service Costs 
Residential 
Building Stock Total Stock

Owner 
Occupied 

Not Owner 
Occupied 

State 
Owned 

Housing NZ 
Owned Rented 

Minimum $60,000 -$980,000 -$970,000 -$9,400,000 -$14,000,000 -$720,000
Mean $3,700,000 $4,100,000 $1,500,000 -$950,000 $1,100,000 $1,800,000
Maximum $7,800,000 $13,000,000 $7,100,000 $1,800,000 $26,000,000 $8,100,000
Standard 
Deviation $1,300,000 $2,000,000 $920,000 $1,200,000 $1,500,000 $990,000
Excluding Indirect Injury costs 
Residential 
Building Stock Total Stock

Owner 
Occupied 

Not Owner 
Occupied 

State 
Owned 

Housing NZ 
Owned Rented 

Minimum -$2,900 -$1,900,000 -$1,800,000 -$16,000,000 -$3,500,000 -$520,000
Mean $3,700,000 $4,100,000 $1,500,000 -$980,000 $1,100,000 $1,800,000
Maximum $7,700,000 $13,000,000 $7,000,000 $2,300,000 $47,000,000 $7,400,000
Standard 
Deviation $1,200,000 $2,100,000 $970,000 $1,300,000 $1,700,000 $960,000
Excluding Reductions in Insurance Premiums
Residential 
Building Stock Total Stock

Owner 
Occupied 

Not Owner 
Occupied 

State 
Owned 

Housing NZ 
Owned Rented 

Minimum $69,000 -$130,000 -$550,000 -$13,000,000 -$3,200,000 -$210,000
Mean $4,300,000 $4,900,000 $1,800,000 -$760,000 $1,400,000 $2,100,000
Maximum $9,000,000 $16,000,000 $7,300,000 $2,600,000 $35,000,000 $7,800,000
Standard 
Deviation $1,300,000 $2,300,000 $1,000,000 $1,200,000 $1,700,000 $1,000,000
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Figure 63: Cumulative percent distribution for the NZ Ecopoint savings per life saved for 
the total residential building stock when considering only sprinklers being present.  

 
Table 59: Summary of the minimum, mean, maximum and standard deviation results for 
the NZ Ecopoint cost per life saved for the various cases considered for only sprinklers 
being present. * 

Residential 
Building Stock 

Total 
Stock 

Owner 
Occupied 

Not Owner 
Occupied 

State 
Owned 

Housing 
NZ Owned 

Rented

Minimum -2,800 -5,700 -5,700 -52,000 -220,000 -1,400 
Mean -1,600 -3,000 -3,000 -10,000 -3,400 -670 
Maximum -1,100 -1,600 -1,700 -2,700 -780 -130 
Standard 
Deviation 270 630 640 5,900 4,700 200 

Note: * The results relating to the base case are presented here, since the cases considering 
excluding various monetary benefits does not affect the NZ Ecopoint results. 

 

8.3.1 Summary of the Net Present Value of the Costs & Benefits Assessed 

A summary of the base Net Present Values (NPV) of the costs and benefits considered 
for the inclusion of home sprinkler systems in new buildings and retrofitted for existing 
building stock is included in 10.2Appendix G for each of the cases considered. 

8.3.2 Importance Analysis 

The base case of both sprinkler systems and smoke alarms are considered for this 
importance analysis. Each of the categories of residential building stock occupier are 
considered here. 

Critical variables were indentified by determining importance values for the monetary 
cost per life saved and the NZ Ecopoint cost per life saved (between 0 and 1) based on 
the rank order correlation of each input, as presented in Table 60 and Table 61 for the 
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monetary related costs and in Table 62 and Table 63 for the NZ Ecopoint costs. A full 
summary of these tables is included in Appendix 10.2H.1.7. For comparison the 
regression sensitivity for each of the output parameters were also calculated, as shown 
in Figure 64 for the monetary cost per life saved and in Figure 65 for the NZ Ecopoint 
cost per life saved. The examples of the results used here are for the case considering 
the total residential building stock when sprinklers and smoke alarms are present.  

The common input parameters with relatively high importance values for the monetary 
cost per life saved for the categories of residential building stock considered are: 

 Cost of sprinkler system design and installation,  

 Number of deaths per 1000 fires, 

 Monetary reduction in the cost of property loss for a sprinklered fire, 

 Smoke alarm effectiveness, 

 Number of house structure fires per year, 

 Rate of retrofit of sprinkler systems into existing properties, 

 Sprinkler effectiveness, 

 Monetary reduction in insurance premiums, 

 Discount rate,  

 Inflation rate, and  

 Proportion of fire incidents occurring in rooms with cover required by NZS 4517. 

The common input parameters with relatively high importance values for the 
NZ Ecopoint cost per life saved for the categories of residential building stock 
considered are: 

 Number of deaths per 1000 fires, 

 Smoke alarm effectiveness, 

 Proportion of fire incidents occurring in rooms with cover required by NZS 4517, 

 Increase of the number of households per year, 

 Sprinkler effectiveness 

 Percentage threshold for the total loss of a building, 

 Proporiton of fire fatalities occurring where the room of fire origin is  required to 
have coverage by NZS 4517, 

 Number of house structure fires per year, 

 Discount rate 

Similarly, importance ranking results for the base case when only home sprinkler 
systems are considered are presented in Table 64, Table 65, Table 66 and Table 67. 
Further details of these tables are included in Appendix 10.2H.1.7. For comparison the 
regression sensitivity for each of the output parameters were also calculated, as shown 
in Figure 66 for the monetary cost per life saved and in Figure 67 for the NZ Ecopoint 
cost per life saved.  
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Table 60: First ten importance ranking, based on correlation coefficients of the input parameters, for the monetary cost per life saved for total 
residential building stock, owner occupied and not owner occupied residential building stock for the base case with sprinklers & smoke alarms. 

Total Residential Building Stock Owner Occupied Not Owner Occupied 

Input Variable Name 
Importance 

Value Input Variable Name 
Importance 

Value Input Variable Name 
Importance 

Value 
Sprinkler mat. & inst. - retrofit 0.815 Sprinkler mat. & inst. - retrofit 0.653 Sprinkler mat. & inst. - retrofit 0.521 
Deaths per 1000 fires - no spr & no alarms 0.343 House structure fires per year 0.439 House structure fires per year 0.471 
Property loss - $/unsprnk fire 0.238 Deaths per 1000 fires - no spr & no alarms 0.373 Property loss - $/unsprnk fire 0.433 
Smoke alarm effectiveness 0.229 Property loss - $/unsprnk fire 0.262 Deaths per 1000 fires - no spr & no  smoke 0.345 
House structure fires per year 0.132 Smoke alarm effectiveness 0.146 Sprinkler mat. & inst. - new 0.275 
Property loss per sprinklered fire - reduction 0.111 Insurance premiums - reduction 0.095 Smoke alarm effectiveness 0.101 
Households - rate of retrofit of sprnk 0.083 Sprinkler effectiveness 0.063 No. households - inc. per year 0.097 
Insurance premiums - reduction 0.078 Households - rate of retrofit of sprnk 0.048 Insurance premiums - reduction 0.075 
Sprinkler effectiveness 0.077 Insurance premium - avg 0.044 Potable water - $/litre 0.051 
Insurance premium - avg 0.066 Total loss threashold - % 0.042 Sprinkler effectiveness 0.049 

 
Table 61: First ten importance ranking,  based on correlation coefficients of the input parameters, for the monetary cost per life saved for state 
owned, Housing New Zealand owned and rented residential building stock for the base case with sprinklers and smoke alarms. 

State Owned Housing NZ Owned Rented 
Input Variable Name Importance 

Value 
Input Variable Name Importance 

Value 
Input Variable Name Importance 

Value 
Property loss - $/unsprnk fire 0.804 Sprinkler mat. & inst. - retrofit 0.565 House structure fires per year 0.492 
Sprinkler mat. & inst. - retrofit 0.361 Deaths per 1000 fires - no spr & no alarms 0.489 Sprinkler mat. & inst. - new 0.396 
Deaths per 1000 fires - no spr & no alarms 0.316 Property loss - $/unsprnk fire 0.418 Property loss - $/unsprnk fire 0.385 
Discount rate 0.110 House structure fires per year 0.321 Sprinkler mat. & inst. - retrofit 0.380 
Property loss per sprinklered fire - reduction 0.095 Insurance premiums - reduction 0.090 Deaths per 1000 fires - no spr & no alarms 0.338 
Insurance premium - avg 0.077 Smoke alarm effectiveness 0.089 No. households - inc. per year 0.150 
Insurance premiums - reduction 0.066 No. households - inc. per year 0.070 Smoke alarm effectiveness 0.114 
Inflation rate 0.054 Discount rate 0.062 Fatalites covered by NZS4517 - % 0.078 
Fire incidents covered by NZS4517 - % 0.046 Insurance premium - avg 0.061 Insurance premium - avg 0.077 
Fire injury - direct costs 0.035 Property loss per sprinklered fire - reduction 0.047 Insurance premiums - reduction 0.073 
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Table 62: First ten importance ranking, based on correlation coefficients of the input parameters, for the NZ Ecopoint cost per life saved for total 
residential building stock, owner occupied and not owner occupied residential building stock for the base case with sprinklers and smoke alarms. 

Total Residential Building Stock Owner Occupied Not Owner Occupied 

Input Variable Name 
Importance 

Value Input Variable Name 
Importance 

Value Input Variable Name 
Importance 

Value 
Deaths per 1000 fires - no spr & no alarms 0.727 Deaths per 1000 fires - no spr & no alarms 0.842 Deaths per 1000 fires - no spr & no alarms 0.789 
Smoke alarm effectiveness 0.384 Smoke alarm effectiveness 0.340 No. households - inc. per year 0.396 
Fire incidents covered by NZS4517 - % 0.255 No. households - inc. per year 0.244 Smoke alarm effectiveness 0.273 
No. households - inc. per year 0.225 Fire incidents covered by NZS4517 - % 0.228 Fire incidents covered by NZS4517 - % 0.159 
Sprinkler effectiveness 0.166 House structure fires per year 0.128 House structure fires per year 0.141 
Total loss threashold - % 0.104 Sprinkler effectiveness 0.088 Sprinkler effectiveness 0.134 
Fatalites covered by a NZS4517 system - % 0.071 Total loss threashold - % 0.082 Total loss threashold - % 0.108 
House structure fires per year 0.065 Fatalites covered by a NZS4517 system - % 0.069 Insurance premium - avg 0.052 
Flame damage - limit for sprnk 0.064 Property loss - $/unsprnk fire 0.050 Fire injury - direct costs 0.048 
Fire injury - indirect costs 0.052 Flame damage - limit for sprnk 0.048 Fatalites covered by NZS4517 - % 0.046 

 
Table 63: First ten importance ranking, based on correlation coefficients of the input parameters, for the NZ Ecopoint cost per life saved for state 
owned, Housing New Zealand owned and rented residential building stock for the base case with sprinklers and smoke alarms. 

State Owned Housing NZ Owned Rented 
Input Variable Name Importance 

Value 
Input Variable Name Importance 

Value 
Input Variable Name Importance 

Value 
Deaths per 1000 fires - no spr & no alarms 0.960 Deaths per 1000 fires - no spr & no alarms 0.926 Deaths per 1000 fires - no spr & no alarms 0.576 
No. households - inc. per year 0.204 No. households - inc. per year 0.289 No. households - inc. per year 0.551 
Smoke alarm effectiveness 0.168 Smoke alarm effectiveness 0.153 House structure fires per year 0.294 
Fire incidents covered by NZS4517 - % 0.109 Fire incidents covered by NZS4517 - % 0.092 Smoke alarm effectiveness 0.228 
Flame damage - limit for sprnk 0.054 Fatalites covered by NZS4517 - % 0.057 Fire incidents covered by NZS4517 - % 0.206 
Fatalites covered by NZS4517 - % 0.036 Sprinkler effectiveness 0.054 Sprinkler effectiveness 0.150 
Fire Service - costs/unsprnk fire 0.032 Total loss threashold - % 0.039 Fatalites covered by NZS4517 - % 0.075 
Inflation rate 0.030 Property loss - $/unsprnk fire 0.032 Flame damage - limit for sprnk 0.073 
Insurance premiums - reduction 0.025 Inflation rate 0.032 Fire injury - direct costs 0.067 
Insurance premium - avg 0.024 Fire Service - costs/unsprnk fire 0.029 Total loss threashold - % 0.055 

 



 

127 

Table 64: First ten importance ranking, based on correlation coefficients of the input parameters, for the monetary cost per life saved for total 
residential building stock, owner occupied and not owner occupied residential building stock for the base case with only sprinklers. 

Total Residential Building Stock Owner Occupied Not Owner Occupied 

Input Variable Name 
Importance 

Value Input Variable Name 
Importance 

Value Input Variable Name 
Importance 

Value 
Sprnk system – mat. & instal. - retrofit 0.821 Sprnk system – mat. & instal. - retrofit 0.682 Sprnk system – mat. & instal. - retrofit 0.675 
Deaths per 1000 fires, no spr, no alarms 0.373 House structure fires/ year 0.479 House structure fires/ year 0.502 
Property loss - $/unsprnk fire 0.213 Deaths per 1000 fires, no spr, no alarms 0.371 Deaths per 1000 fires, no spr, no alarms 0.334 
Property loss - % red/ sprnk fire 0.164 Property loss - $/unsprnk fire 0.272 Property loss - $/unsprnk fire 0.280 
Insurance premium - avg. 0.112 Insurance premiums - % red. for sprnks 0.108 Insurance premiums - % red. for sprnks 0.104 
House structure fires/ year 0.101 Rate of retrofit of sprinklers in households 0.088 Insurance premium - avg. 0.081 
Sprnk system – mat. & instal. - new 0.091 Insurance premium - avg. 0.070 Rate of retrofit of sprinklers in households 0.060 
Potable water - $/litre 0.088 Sprinkler effectiveness 0.065 Sprinkler effectiveness 0.053 
Insurance premiums - % red. for sprnks 0.086 Property loss - % red/ sprnk fire 0.063 Fatalites - % covered by NZS4517 0.052 
Sprinkler effectiveness 0.062 Injuries - % covered by NZS4517 0.055 Threshold %structure dmg. for total loss 0.046 

 
Table 65: First ten importance ranking,  based on correlation coefficients of the input parameters, for the monetary cost per life saved for state 
owned, Housing New Zealand owned and rented residential building stock for the base case with only sprinklers. 

Total Residential Building Stock Owner Occupied Not Owner Occupied 

Input Variable Name 
Importance 

Value Input Variable Name 
Importance 

Value Input Variable Name 
Importance 

Value 
Property loss - $/unsprnk fire 0.803 Sprnk system – mat. & instal. - retrofit 0.587 House structure fires/ year 0.528 
Sprnk system – mat. & instal. - retrofit 0.370 Deaths per 1000 fires, no spr, no alarms 0.455 Sprnk system – mat. & instal. - retrofit 0.432 
Deaths per 1000 fires, no spr, no alarms 0.337 Property loss - $/unsprnk fire 0.435 Sprnk system – mat. & instal. - new 0.404 
Discount rate 0.144 House structure fires/ year 0.325 Deaths per 1000 fires, no spr, no alarms 0.359 
Property loss - % red/ sprnk fire 0.119 Property loss - % red/ sprnk fire 0.081 Property loss - $/unsprnk fire 0.353 
Inflation rate 0.066 Households - inc./ year 0.079 Households - inc./ year 0.175 
Insurance premiums - % red. for sprnks 0.047 Discount rate 0.061 Rate of retrofit of sprinklers in households 0.109 
Injuries per 1000 fires, no spr, no alarms 0.046 Insurance premium - avg. 0.059 Insurance premium - avg. 0.086 
Sprinkler effectiveness 0.044 Injury costs - direct 0.056 Property loss - % red/ sprnk fire 0.067 
Fire incidents - % covered by NZS4517 0.035 Inflation rate 0.042 Sprinkler effectiveness 0.066 
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Table 66: First ten importance ranking, based on correlation coefficients of the input parameters, for the NZ Ecopoint cost per life saved for total 
residential building stock, owner occupied and not owner occupied residential building stock for the base case with only sprinklers. 

Total Residential Building Stock Owner Occupied Not Owner Occupied 

Input Variable Name 
Importance 

Value Input Variable Name 
Importance 

Value Input Variable Name 
Importance 

Value 
Deaths per 1000 fires, no spr, no alarms 0.818 Deaths per 1000 fires, no spr, no alarms 0.894 Deaths per 1000 fires, no spr, no alarms 0.893 
Fire incidents - % covered by NZS4517 0.363 Fire incidents - % covered by NZS4517 0.248 Fire incidents - % covered by NZS4517 0.247 
Households - inc./ year 0.304 Households - inc./ year 0.227 Households - inc./ year 0.221 
Sprinkler effectiveness 0.185 House structure fires/ year 0.126 Limit of flame dmg for effective sprnk sys. 0.142 
Limit of flame dmg for effective sprnk sys. 0.151 Limit of flame dmg for effective sprnk sys. 0.098 House structure fires/ year 0.114 
Threshold %structure damage for total loss 0.148 Sprinkler effectiveness 0.097 Sprinkler effectiveness 0.102 
Fatalites - % covered by NZS4517 0.112 Fatalites - % covered by NZS4517 0.083 Fatalites - % covered by NZS4517 0.095 
Insurance premium - avg. 0.073 Threshold %structure damage for total loss 0.070 Threshold %structure dmg for total loss 0.065 
House structure fires/ year 0.062 Injuries per 1000 fires, no spr, no alarms 0.047 Insurance premiums - % red. for sprnks 0.058 
Injury costs - indirect 0.041 Sprnk system – mat. & instal. - retrofit 0.047 Insurance premium - avg. 0.054 

 
Table 67: First ten importance ranking, based on correlation coefficients of the input parameters, for the NZ Ecopoint cost per life saved for state 
owned, Housing New Zealand owned and rented residential building stock for the base case with only sprinklers. 

Total Residential Building Stock Owner Occupied Not Owner Occupied 

Input Variable Name 
Importance 

Value Input Variable Name 
Importance 

Value Input Variable Name 
Importance 

Value 
Deaths per 1000 fires, no spr, no alarms 0.971 Deaths per 1000 fires, no spr, no alarms 0.928 Households - inc./ year 0.608 
Households - inc./ year 0.194 Households - inc./ year 0.313 Deaths per 1000 fires, no spr, no alarms 0.595 
Fire incidents - % covered by NZS4517 0.084 Fire incidents - % covered by NZS4517 0.113 House structure fires/ year 0.352 
Fatalites - % covered by NZS4517 0.051 Threshold %structure damage for total loss 0.042 Fire incidents - % covered by NZS4517 0.231 
Sprinkler effectiveness 0.045 Sprinkler effectiveness 0.042 Sprinkler effectiveness 0.112 
Injury costs - indirect 0.038 Fatalites - % covered by NZS4517 0.031 Threshold %structure dmg. for total loss 0.085 
Limit of flame dmg for effective sprnk sys. 0.031 Insurance premium - avg. 0.026 Limit of flame dmg for effective sprnk sys. 0.056 
Property loss - $/unsprnk fire 0.030 Rate of retrofit of sprinklers in households 0.024 Fatalites - % covered by NZS4517 0.054 
Discount rate 0.026 Property loss - $/unsprnk fire 0.023 Rate of retrofit of sprinklers in households 0.044 
Sprnk system – mat. & instal. - new 0.024 Injuries - % covered by NZS4517 0.017 Sprnk system – mat. & instal. - retrofit 0.039 
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Figure 64: An example of the regression sensitivity results for the monetary cost per life 
saved for all residential building stock for the base case when sprinklers and smoke 
alarms are present.  

 

  
Figure 65: An example of the regression sensitivity results for the NZ Ecopoint cost per 
life saved for all residential building stock for the base case when sprinklers and smoke 
alarms are present.  
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Figure 66: An example of the regression sensitivity results for the monetary cost per life 
saved for all residential building stock for the base case when sprinklers only present.  

 
Figure 67: An example of the regression sensitivity results for the NZ Ecopoint cost per 
life saved for all residential building stock for the base case when sprinklers only are 
present.  
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8.3.3 Sensitivity Analysis 

A sensitivity analysis was conducted for each of the scenarios described in Section 8.1, 
in terms of step-wise regression and correlation coefficients. Example results for the 
base case, for the monetary cost per life saved for the step-wise regression are shown 
in Figure 68 and for the correlation coefficient are shown in Figure 69. Similarly, 
example results for the NZ Ecopoint cost per life saved for the step-wise regression are 
shown in Figure 70 and for the correlation coefficient are shown in Figure 71. 

Detailed model results are presented in 10.2Appendix H. 

In addition several input parameters were individually excluded to determine the 
influence of each of these parameters on the model results. These parameters were: 

 presence of smoke alarms, 

 fire service costs,  

 insurance premium reductions, and 

 indirect costs from civilian fire injuries. 

The model results for these are summarised in Section 8.1 and details are included in 
Appendix H.    
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Figure 68: Step-wise regression results for the input variables for cost per life saved for the model considering sprinklers and smoke alarms 
present, for the base case with sprinklers and smoke alarms. 
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Figure 69: Correlation coefficient results for the input variables for cost per life saved for the model considering sprinklers and smoke 
alarms present, for the base case with sprinklers and smoke alarms. 
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Figure 70: Step-wise regression results for the input variables for NZ Ecopoint cost per life saved for the model considering sprinklers and 
smoke alarms present, for the base case with sprinklers and smoke alarms. 
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Figure 71: Correlation coefficient results for the input variables for NZ Ecopoint cost per life saved for the model considering sprinklers and 
smoke alarms present, for the base case with sprinklers and smoke alarms. 
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Figure 72: Step-wise regression results for the input variables for cost per life saved for the model considering sprinklers and smoke alarms 
present, for the base case with sprinklers only. 
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Figure 73: Correlation coefficient results for the input variables for cost per life saved for the model considering sprinklers and smoke 
alarms present, for the base case with sprinklers only. 
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Figure 74: Step-wise regression results for the input variables for NZ Ecopoint cost per life saved for the model considering sprinklers and 
smoke alarms present, for the base case with sprinklers only. 
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Figure 75: Correlation coefficient results for the input variables for NZ Ecopoint cost per life saved for the model considering sprinklers and 
smoke alarms present, for the base case with sprinklers only. 
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8.4 Discussion of Model Results 
The results of the example model results are discussed in this section. The results 
related to environmental issues and monetary issues are initially discussed separately, 
before being combined. 

8.4.1 Environmental Impact Module Results 

The results for the number of NZ Ecopoints saved per life saved were consistent for the 
base case and each case excluding a selected monetary benefit for each home 
sprinkler system and smoke alarm combination considered (see 10.2Appendix H). The 
minor differences between the base case and the cases excluding a particular 
monetary benefit can be attributed to the random selection of the seed for each set of 
iterations using Latin Hypercube sampling methods. 

For all scenarios considered in this study, a gross savings of NZ Ecopoints was 
consistently calculated for the presence of home sprinkler systems. That is, a saving of 
NZ Ecopoints means a net benefit to the surrounds and environment. Specifically, the 
model results mean that the environmental impact of the reduced structure loss and 
subsequent replacement outweighs the environmental impact added by the materials 
and transport required for home sprinklers is less than the environmental impact 
associated with no home sprinkler systems being present. It should be noted that the 
environmental impact of direct fire effects and of the loss and replacement of 
household contents were not included in this model. The reduction of these additional 
environmental issues would be expected to further increase the environmental benefits 
associated with the inclusion of home sprinkler systems in New Zealand households. It 
shall be noted that the environmental impacts from fires (e.g. toxic fire water runoff, air 
pollution and soil contamination) have not been quantitatively assessed, but it is 
reasonable to assume that the inclusion of such environmental impacts in the model 
would add to the gross savings of the environment with the presence of domestic 
sprinkler systems. 

Considering the scenarios where sprinklers and smoke alarms are present, the results 
relating to State owned residential properties indicate the most sustainablitity related 
benefits per life saved (as shown in Figure 58 and Table 57). Whereas the results for 
the NZ Ecopoints saved per life saved were the least for the categories of rented 
properties, non owner occupied properties, and the total residential building stock. 
These results are consistent with the significantly greater number of residential fire 
incidents (as shown in Figure 25) and civilian fire fatalities (as shown in Figure 28) 
reported per 100,000 properties for State owned properties than for the other 
categories considered in this study. 

Similarly for the scenarios where sprinklers only are present, the results relating to 
State owned residential properties also indicate the most environmental impact related 
benefits per life saved (as shown in Figure 63 and Table 59). The results relating to the 
least number of NZ Ecopoints saved per life saved were related to the residential 
occupier categories of rented and total residential building stock. The number of 
NZ Ecopoints saved per life saved for the sprinklers only were generally less than the 
results for the combined sprinklers and smoke alarms case. This is expected because 
of the number of lives saved would be reduced with the removal of smoke alarms 
compared to the combination of sprinklers and smoke alarms. 

For the scenarios and occupier categories considered, input parameters with high 
model sensitivity for the calculation of the NZ Ecopoint cost per life saved were 
consistently: 

 Number of fatalities per 1000 fires,  
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 Proportion of fire fatalities occuring where the room of fire origin requires 
coverage by NZS 4517, 

 Smoke alarm effectiveness, 

 Sprinkler effectiveness 

 Proportion of fire incidents occuring in rooms with cover required by NZS 4517, 

 Percentage threshold for the total loss of a building, 

 Number of house structure fires per year, and  

 Increase of the number of households per year, 

These input parameters relate to the calculation of the number of lives saved (the 
number of deaths per 1000 fires, the proportion of fatalities covered by a NZS 4517 
system, the smoke alarm effectiveness and the sprinkler effectiveness) and the amount 
of structure damage sustained (the sprinkler effectiveness, proportion of fire incidents 
covered by NZS 4517, the threshold structure damage assumed for required total 
replacement, the number of fire incidents per year and the number of households). This 
is in agreement with the model calculations for the savings/cost of NZ Ecopoints. 

The confidence of the values for each of these input parameters varies. For example, 
the parameters based on analysis of statistical records (such as the number of fatalities 
and number of fire incidents and indirectly to the effectiveness of systems in saving 
lives) rely on the accuracy of recording methods, an averaging of the effects of the 
standards of the building stock and changes in regulation, the assumption that records 
reflect an accurate state of the population and the assumption that historic trends can 
be used to estimate future predictions. Therefore, although the input parameter values 
of this study have been updated with the latest available statistical data sets, it should 
be noted that there are limitations of the application of this data and care should be 
used when applying the results of this model. 

For the other input parameters there were a range of assumptions, which were 
summarised in Section 7. In brief, the values for system effectiveness are a 
combination of laboratory test results in controlled conditions and analysis of 
international statistical records. The number of fire incidents per year was assumed to 
be proportional to the number of households. The number of households for each 
category of residential occupier was assumed to follow the trend of the previous 
2 csensuses. The assumptions for the proportion of fire incidents in rooms covered by 
a NZS 4517 system and the threshold value for a building to be considered a write-off 
due to fire damage were conservative assumptions. 

Considering that 100 NZ Ecopoints is equivalent to the average environmental impact 
of a New Zealander per year, the mean model values for the case considering 
sprinklers and smoke alarms present equate to a saving of approximately: 

 28 years of an average individual’s environmental impact per life saved when 
considering the total residential building stock, 

 50 years of an average individual’s environmental impact per life saved when 
considering the owner occupied residential building stock, 

 21 years of an average individual’s environmental impact per life saved when 
considering the residential building stock not occupied by the owner, 

 170 years of an average individual’s environmental impact per life saved when 
considering the State owned residential building stock, 

 56 years of an average individual’s environmental impact per life saved when 
considering the Housing New Zealand owned residential building stock, and  
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 11 years of an average individual’s environmental impact per life saved when 
considering the rented residential building stock. 

8.4.2 Monetary Results  

A value of a statistical life was not estimated as part of this study. Instead a cost 
effectiveness analysis was performed to estimate the monetary cost per life saved. The 
resulting costs are net present value. The lives saved were not discounted, since 
saving a life today is the same as saving a life tomorrow and the discounting would 
manifest in the monetary value assigned at each time. Therefore the model results for 
the monetary cost per life saved can be directly compared to existing net present 
values for estimates of the value of a statistical life. 

Considering the base case where home sprinkler systems and smoke alarms form the 
fire safety systems (Figure 54 and Table 56), the model results for State owned 
residential building stock show the least monetary cost per life saved compared to the 
other occupier categories considered. In fact the distribution of model results are 
mostly negative for the monetary cost per life saved, which means that there would be 
a monetary saving per life saved of an average $1.5 million. The next least costly 
expenditure per life saved is for Housing NZ owned building stock (at an average cost 
of $1.9 million/life saved), not owner occupied residential building stock (at an average 
cost of $2.7 million/life saved), and rented building stock (at an average cost of 
$3.1 million/life saved). The model results for the total residential building stock and 
owner occupied building stock were $6.3 million/life saved and $7.0 million/life saved, 
respectively. 

8.4.3 Overall Cost Effectiveness Analysis Results 

The overall cost effectiveness analysis results are a combination of the monetary cost 
per life saved and the measure of environmental impact per life saved (in this case the 
metric of NZ Ecopoints was used). That is, for the monetary cost of installing home 
sprinklers there are two types of benefits, lives saved and reduced impact on the 
environment. 

The mean model results for the base case considering the impact of home sprinklers 
and smoke alarms are summarised in Table 68 and Figure 76 and the results when 
sprinklers only are considered are summarised in Table 69 and Figure 77.  

When considering the mean model results for the monetary cost, environmental impact 
avoided and the number of lives saved, as presented in Table 68 and Table 69, the 
numbers for individual categories do not add up to combined categories (i.e., total 
stock or not owner occupied) since the sub-categories included in these are assumed 
to be proportional over the period of analysis. Whereas the model results for each 
individual category reflects the related statistical-based input parameter values (such 
as fatality and injury statistics and household number growth rates). In addition, the 
single value of the mean model output is not representational of the model output 
distributions. Therefore care must be applied when comparing category results directly. 

The monetary costs and the environmental benefits per life saved are not proportional. 
This is expected, since the environmental impact ‘costs’ and ‘benefits’ are additional to 
the monetary costs and benefits. Similarly to the use of a monetary value to represent 
a life saved, it may be beneficial from a pure cost benefit analysis approach to estimate 
the monetary value of 100 NZ Ecopoints, which represents the average yearly impact 
of a New Zealander. Estimating a monetary value for either the value of a statistical life 
or the monetary value for 100 NZ Ecopoints is beyond the scope of this study. However 
the results of this study are such that a net present value for either of these estimates 
can be directly compared. 
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The results of the model clearly demonstrate that inclusion of home sprinklers will have 
a different monetary and environmental related impact depending on the sector of the 
residential building stock occupiers. The differences in model results for each of the 
sectors of the residential building occupiers relies on the statistical data sets available 
for each of these sectors of the total population. Analysing the monetary and 
environmental impact results for sectors of the total residential building stock, where 
home sprinklers could be suitable, allows targeted applications to be identified.  For 
example, ranking the sectors considered in terms of greatest monetary benefits per life 
saved, for the model results for the base case considering sprinklers and smoke alarms 
are present, produces: 

1. State owned building stock, 

2. Housing NZ owned building stock, 

3. Rented residential building stock, and 

4. Owner occupied residential building stock. 

Whereas ranking the categories in terms of greatest environmental impact benefits per 
life saved, for the model results for the base case considering sprinklers and smoke 
alarms are present, produces: 

1. State owned building stock, 

2. Housing NZ owned building stock, 

3. Owner occupied residential building stock, and 

4. Rented residential building stock. 

 
Table 68: Mean model results attributed to home sprinkler systems for the base case 
when sprinklers and smoke alarms are present. 

Residential 
Building Stock 

Mean 
Monetary 

Cost per Life 
Saved 

($million/      
life saved) 

Mean Environmental 
Benefits per Life Saved 

(100 NZ Ecopoints 
saved/ life saved) 

Mean Total 
Number of Lives 

Saved over the 50 
Year Analysis 

Period 

Total Stock $6.3 28 620 
Owner Occupied $7.0 50 200 
Not Owner 
Occupied 

$2.7 21 
560 

State Owned -$1.5 170 13 
Housing NZ 
Owned 

$1.9 56 
33 

Rented $3.1 11 800 
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Figure 76: Summary of the mean values for monetary cost and sustainability aspects in 
terms of environmental benefits per life saved for the base case when home sprinklers 
and smoke alarms are present. 

Table 69: Mean model results attributed to home sprinkler systems for the base case 
when sprinklers only are present. 

Residential 
Building Stock 

Mean Monetary 
Cost per Life 

Saved 
($million/life 

saved) 

Mean Envorinmental 
Benefits per Life 

Saved 
(100 NZ Ecopoints 
saved/ life saved) 

Mean Total 
Number of Lives 
Saved over the 

50 Year 
Analysis Period 

Total Stock $3.7 16 1000 
Owner Occupied $4.1 30 330 
Not Owner 
Occupied 

$4.1 29 
930 

State Owned -$1.0 101 22 
Housing NZ 
Owned 

$1.1 34 
55 

Rented $1.8 7 1300 
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Figure 77: Summary of the mean values for monetary cost and sustainability aspects in 
terms of environmental benefits per life saved for the base case when home sprinklers 
only are present. 

 

8.4.4 General Input Parameter Values and Model Sensitivity 

Technically, all values based on statistics effectively incorporate the “effectiveness” of 
the system considered (e.g. the historical record of the number of fatalities per year 
where sprinkler and alarm systems were present incorporates a measure of the 
effectiveness of preventing fatalities in the field for the systems involved). However 
considering the potential for error within the collation and estimation methods for the 
statistical data sets in combination with the statistical relevance of the small data sets, 
the sprinkler effectiveness is applied to these values within the cost effectiveness 
analysis. Therefore providing a conservative result in terms of how effective a sprinkler 
system may be. 

8.4.5 Model Limitations 

The model limitations are related to the assumed values for the input parameters. As 
with all predictive models, in particular future-based input parameter values have the 
least confidence. Therefore care must be applied when interperating the model results 
for use. Input values should continue to be assessed and updated as more statiscial 
and economic data becomes available. Details of the model input value assumptions 
are included in Section 7. 

All model assumptions were based upon conservative estimates. That is the model 
results for monetary cost per life saved is expected to be an over estimate for the 
influences considered and the results for environmental benefits per life saved is 
expected to be an underestimate. 

The monetary and sustainability aspect related costs are not entirely independent. For 
example there are monetary charges based on the scarecity of resources (such as 
non-renewable fuel sources, etc). This proportion of the monetary charge would ideally 
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be invested in developing new avenues or alternate sources to the scarce resource. 
However there is neither a specific process for accounting for the additional monetary 
charges nor for tracking the investment in development of future alternatives. It is 
assumed for this assessment that the overlap between the monetary and sustainability 
aspect related costs is currently minor. 

The results of the model should be assessed primarily on the output distributions rather 
than the summarised results (such as mean, range and standard deviation), since the 
summarised results are calculated on the assumption of a normal distribution, which 
may not be the most appropriate description of the distribution. Therefore although the 
model output distributions are more complicated, they provide a more appropriate 
description of the results than the summarised results alone. 
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9. CONCLUSIONS 

Conclusions relating to sustainability issues: 

 Sustainability aspects associated with home sprinklers and structure fires were 
successfully incorporated into the cost effectiveness analysis for home sprinkler 
systems in terms of a module for environmental impact. 

 The use of a Life Cycle Assessment approach, in accordance with ISO 14040, 
allowed a wide range of environmental impacts to be considered and for a 
single representative measurement to be used in conjunction with the monetary 
based cost effectiveness analysis of the impact of home sprinkler systems. 

 This study represents the first use in New Zealand of Ecopoints for the 
quantitative metric for environmental impact, which is currently commonplace in 
the UK and elsewhere. 

 The results for all scenarios indicated that a saving of NZ Ecopoints would be 
made for each life saved with the inclusion of home sprinklers in New Zealand 
residential properties. That is, for the monetary cost associated with each life 
saved, a net positive impact for the sutainabiltiy aspects, in terms of the 
environmental issues, considered here was also achieved.  

 The model results for the impact of home sprinkler systems for the base case, 
considering sprinklers and smoke detectors present, indicate a range of mean 
environmental benefits per life saved of approximately 11 to 170 equivalent 
years of average environmental impact of a New Zealander (i.e., 1,100 to 
17,000 NZ Ecopoints, Table 68 and Figure 76) depending on the category of 
residential building stock occupier.  

 The results for environmental impact benefits per life saved were presented as 
distributions to account for input parameter uncertainty (e.g. for the base case, 
considering sprinklers and smoke alarms present, Figure 58 and Table 57). 

 The approach to incorporating sustainability aspects into this model only 
considered the environmental issues for the cradle to gate impact for sprinkler 
systems and loss and replacement of flame damaged building stock. That is, 
the environmental impact related effects of fire and the loss and replacement of 
home contents was not included in the assessment. It is expected that the 
inclusion of these additional aspects would produce an even more positive 
contribution to the measure of environmental benefits. 

 The use of NZ Ecopoints to provide a measure of a wide range of environmental 
impacts allows broader sustainability aspects to be incorporated into current 
cost effectiveness analyses, with the opportunity for direct comparison as 
monetary estimates are proposed in the future. 

Conclusions relating to monetary issues: 

 Considering categories of the residential building stock occupier as well as the 
total residential building stock for home sprinkler systems provided a wide 
range of monetary costs per life saved. This also indicated that targeting the 
use of home sprinklers for specific occupier groups would be beneficial. 

 The model results for the base case, considering sprinklers and smoke detectors 
present, indicate a range of mean monetary benefits per life saved of 
approximately -$1.5 to $ 7.0 million (Table 68 and Figure 76) depending on the 
category of residential building stock occupier.  
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 The results for monetary costs per life saved were presented as distributions to 
account for input parameter uncertainty (e.g. for the base case, considering 
sprinklers and smoke alarms present, Figure 54 – Figure 58 and Table 56). 

 The model results are presented in a form designed to allow direct comparison 
with net present value estimates of the value of a statistical life. 

Conclusions relating to the overall home sprinkler system cost effectiveness analysis 
results: 

 Incorporation of sustainability aspects into the cost effectiveness analysis for 
home sprinkler systems provides a broader insight into the overall costs and 
benefits, including aspects that currently have no monetary equivalent.  

 Considering sectors of the initial target population for potential application of 
home sprinkler systems provided a more thorough understanding of the 
potential costs and benefits of the application of home sprinkler systems. 
Futhermore any category or sector for which fire statistics are available can be 
investigated. 

 

9.1 Recommendations for Future Work 
Areas of future work recommended include: 

 Expansion of the environmental impact module to include the effects of fire and 
the loss and replacement of home contents. 

 Estimation of a monetary value to be applied to NZ Ecopoints, similar to the 
approach of a Value of a Statistical Life estimated for a life saved. 

 Expansion of the concept of the incorporation of the environmental impact 
module complimenting a cost-benefit analysis to include broader sustainability 
issues, which cover environmental, economic and social aspects. 

 Potential costs associated with the regulation for the requirement for home 
sprinklers were included in the methodology of this model. However no 
parameter values were used in the evaluation of the model. Thus there is the 
potential for regulatory costs to be included in this assessment. 

 Identification of other potential categories of residential properties for which home 
sprinklers may be of particular benefit. For example, residences in rural areas, 
because of the potential extra time delay in fire service (which may be solely 
volunteer based in some areas) arrival at the scene and potential water supply 
problems. In addition, a house fire in a rural or remote surrounds would be more 
likely to be adjacent to ecologically sensitive areas. Therefore the less water 
used in a sprinkler system the less soil and aquatic contamination in 
combination with a smaller fire in total and the environmental damage 
associated with that. 
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