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1. INTRODUCTION 

 

1.1 My full name is Tony John Moore.  I hold the position of Principal Advisor - 

Sustainability at Christchurch City Council (Council). I have been in this 

position since 2004. 

 
1.2 I hold a Masters of Resource Management from Lincoln University.  I have 15 

years’ experience in environmental policy.   

 
1.3 As part of my role at the Council, I have been asked to provide evidence in 

relation to Lifemark and HomeStar provisions in Stage 2 of the Residential 

Proposal (Proposal). 

 

1.4 I have been providing the Council with my expertise in relation to Universal 

Design, energy and water efficient design since 2014. 

 

1.5 I confirm that I have read the Code of Conduct for Expert Witnesses contained 

in the Environment Court Practice Note 2014 and that I agree to comply with it. 

I confirm that I have considered all the material facts that I am aware of that 

might alter or detract from the opinions that I express, and that this evidence is 

within my area of expertise, except where I state that I am relying on the 

evidence of another person.   

 

1.6 The key document I have used, or referred to, in forming my view while 

preparing this brief of evidence is the BRANZ Consulting Report DC2619 - 

Value Case of CCC Draft District Plan August 2015, which is annexed to this 

statement as Attachment A. 

 

2. SCOPE 

 

2.1 The specific parts of the Proposal that my evidence relates to are: 

 

(a) 14.11.3.11 Life-stage inclusive and adaptive design for new 

residential units; and 

(b) 14.11.3.12 Energy and water efficient standards for new residential 

units.  
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3. EXECUTIVE SUMMARY  

 

3.1 The Building Research Association of New Zealand (BRANZ) has undertaken 

a cost / benefit analysis for the accessible design and energy and water 

efficiency standards (standards) contained in the Residential Chapter of the 

proposed District Plan.  This is not a cost-benefit analysis for the purposes of 

section 32 of the Resource Management Act 1991, but rather is a more 

narrowly framed analysis of the costs and benefits of the standards.   

 

3.2 This evidence, while it addresses the benefits of the implementation of the 

standards, does not address the appropriateness of including these standards 

within the District Plan. It highlights the importance of these building 

considerations for Christchurch.  This evidence aims to provide some of the 

factual basis for and analysis of the purpose and benefits of the proposed 

standards in order to assist the Panel's decision making. 

 

4. BACKGROUND 

 

4.1 Through the Share An Idea community public engagement campaign, 

residents told the Council they wanted to have a liveable, safe, prosperous, 

resilient and green city.  The proposed accessibility, energy and water efficient 

provisions seek to respond in part to these community aspirations.  

 

4.2 BRANZ has undertaken a cost / benefit analysis of the accessible design, 

energy and water efficient design standards within the proposed Replacement 

District Plan (pRDP). The BRANZ analysis does not explore the 

appropriateness of these proposed standards within the District Plan.  

 

4.3 The standards within the pRDP are based on those contained within the 

independent home performance rating tools of Lifemark and Homestar. 

Lifemark principally aims to make homes function better for people of all ages 

and all abilities. It deals with the accessibility and future adaptability of 

dwellings for the occupants or visitors. Homestar aims to improve the resource 

efficiency and health of homes. It deals with waste, energy and water 

efficiency and indoor occupant health and comfort.  

 

4.4 BRANZ was selected to undertake this analysis because of their specialist 

expertise in the building industry.  
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4.5 BRANZ was asked to estimate the costs and benefits of the proposed District 

Plan standards against a baseline of the NZ Building Code for five housing 

typologies typical in Christchurch: 

 

(a) Single story detached;  

(b) Double story detached;  

(c) Single story attached; 

(d) Double story attached; and 

(e) Multi-storey apartment. 

 

4.6 This evidence provides a summary of the BRANZ analysis and, based on the 

results, recommends amendments to the proposed District Plan provisions.  I 

note that Ms Oliver who is providing the Council's planning evidence has not 

recommended the incorporation of the standards into the Residential Proposal.  

The elected members do however support their inclusion, and I acknowledge 

that my evidence is prepared on that basis. 

 

5. THE REPORT 

 

5.1 The following provides a summary of the results and conclusions contained 

within the BRANZ analysis.  

 

Accessibility Standards 

 

5.2 I believe that the ability to enjoy an accessible city, with accessible public 

spaces, buildings, businesses and homes is widely accepted to be an equity 

issue and has broad public interest as evidenced by the Accessible 

Christchurch Petition sent to the Crown in 2014 by disability groups and 

supporters1. Accessibility in New Zealand is required for public buildings and 

businesses,2 but not yet for homes.   

 

5.3 According to BRANZ, most of the proposed accessible design standards were 

inexpensive and could be accommodated by layout changes within the same 

overall building footprint. The multi-storey dwellings analysed had difficulty in 

achieving some standards3.  

                                                   
1 www.stuff.co.nz/the-press/news/10286090/Building-accessibility-lags-despite-rebuild-opportunity. 
2 Section 119, Requirements for Persons with Disabilities New Zealand Building Act 2004 and New Zealand Standard 4121 
3 Attachment A Page 5. 
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5.4 According to BRANZ, thoughtful design of single level dwellings could 

accommodate the accessible design standards for nil or minimal cost (a cost 

of approximately $400 per dwelling was needed for pathway and bathroom 

modifications in the BRANZ analysis).4  BRANZ did raise some concerns 

about the application of these provisions to very small sized dwellings, below 

140m2 in size. BRANZ estimated a cost payback period of between 7 to 20 

years based on the avoided cost of falls in the home.5  However, I believe that 

other factors such as those below, might be relevant and hence the BRANZ 

analysis may underestimate the direct and indirect benefits of increased 

accessibility.  

 

5.5 Multi-storey dwellings may have difficulty in achieving some standards and I 

understand the Council is now seeking that these provisions only apply to 

single level dwellings on the flat areas of the city. 

 

5.6 As stated in the Council's section 32 analysis, Christchurch has one of the 

highest proportions of disabled and elderly people in New Zealand.6 Lifemark 

enhances the accessibility and usability of a home benefiting all members of 

society, but in particular the elderly (by 2030 25% of Christchurch residents will 

be over 65 years old) and those temporarily or permanently disabled 

(estimated to be 16% of the population today, rising to 26% by 2030, largely 

due to our aging population).7  

 

5.7 ACC estimates that 50% of all ACC claims in Christchurch arise from people 

being injured at home and that approximately 30% of these are attributable to 

‘environmental issues’, such as poor lighting, slippery surfaces, poorly 

designed paths and steps (this amounts to $51 million in ACC claims per year 

in Christchurch).8 Lifemark standards, if adopted, would most likely directly 

improve these aspects as well as ensuring homes are better able to 

accommodate the physical needs of a range of people as they change over 

time. 

 

                                                   
4 Attachment A Page 6. 
5 Attachment A Page 11. 
6 Statistics New Zealand, Population Projections by age and sex, for selected territorial authority areas, 2006 (base)-2031 
(December 2012 update) assumptions, medium projections . 
7 Statistics New Zealand, Population Projections by age and sex, for selected territorial authority areas, 2006 (base)-2031 
(December 2012 update) assumptions, medium projections . 
8 ACC Christchurch City Injury Report 2012/13 www.acc.co.nz/preventing-injuries/communities/injury-comparison-
reports/index.htm. 
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5.8 Residents living in homes that meet the Lifemark standard will have reduced 

cost should homes need to be modified as people age or for those who 

become disabled (average modification costs of $22,000 per home can be 

avoided9). 

 

5.9 A home built to Lifemark standard is better equipped for people to age in 

place, delaying or avoiding moving in to residential care saving in excess of 

$25,000 per year.10 

 

5.10 The absence of a walk in shower facility for a number of disabled people will 

require home help on a daily basis at a cost of $5,000 per year per person.11 

 

5.11 Living in a LifeMark home means that a person may not need to move to a 

suitable home if they become permanently disabled. The cost of moving home 

is approximately $15 - 20,000.12 

 

Water efficiency standards 

 

5.12 All dwellings could readily achieve the proposed water efficiency standards 

with no or only nominal costs for more water efficient fittings. A saving of 

approximately $100 per person per year was estimated by BRANZ (Page 13 

Attachment A). For example a four person home could save $400 each year.  

 

5.13 Avoiding water use would save household energy (e.g. hot water), energy 

used by the Council to supply water to the dwelling (costs covered through 

rates) and help to conserve drinking water supplies. According to the 

Christchurch Water Supply Strategy 2009 (Page 34 - 39), Christchurch has 

one of the highest water consumption rates in NZ and if abstraction continues 

at its current rate (435 litres per person per year) then the city would hit total 

abstraction limits within 36 years (less time if climate change is considered).  

 

5.14 I understand that finding a new supply of potable water for the city would result 

in considerable costs to the community and if taken from surface water it 

would likely require chlorination of the drinking water. Requiring all new homes 

                                                   
9 BRANZ 2011, Lifetime Housing The Value Case, Study Report 263, Page 1. 
10MSD 2009,  Economic Effects of Utilising LifeMark at a National Level, Prepared by the Ministry of Social Development on 
behalf of LifeMark Ltd. 
11 (MSD 2009)  Economic Effects of Utilising LifeMark at a National Level, Prepared by the Ministry of Social Development on 
behalf of LifeMark Ltd. 
12 (MSD 2009)  Economic Effects of Utilising LifeMark at a National Level, Prepared by the Ministry of Social Development on 
behalf of LifeMark Ltd. 
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to install water efficient fixtures would help secure our water supply and 

achieve direct savings for the home owner. A mix of other water conservation 

measures are underway and planned by the Council, however the unique 

scale of the earthquake residential rebuild might mean that, if pursued, this 

policy could have greater effect at this time.  

 

Energy efficiency standards  

 

Insulation  

 

5.15 The BRANZ analysis found that it was not economic to boost ceiling, wall and 

slab perimeter insulation beyond the NZ Building Code as proposed in the 

pRDP and contained within the 6 Star, Homestar standards (ceiling R3.5, walls 

R2.8 and floors R 1.9, www.homestar.org.nz). The reason for this poor result 

is explained in the figure below where only incremental energy savings are 

made when insulation R values are raised. An average payback of beyond 36 

years was achieved by these measures in the dwellings analysed by BRANZ.  

 

5.16 Consequently, I understand the Council now seeks that the wall, ceiling and 

slab insulation provisions be removed from the pRDP.  

 

Windows  

 

5.17 Good energy savings can be made by improving the thermal performance of 

windows (typically the largest source of heat loss in a well-insulated new home 

is through the window and frame and is approximately 42-45% of heat lost, 

see the figure below).  An increased cost of approximately $1,500 - $2,500 per 

house for thermally broken window frames and low-emissive (Low-e) glazing 
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can greatly improve the health and comfort of the home.13 Low-e glass can 

improve the thermal performance of windows by 20-30% for approximately 

$50-100 per window (depending on window size).14  

 

5.18 The figure below shows typical sources of heat loss in a 2007 building code 

compliant insulated home15. 

 

 

 

 

 

 

 

Lighting 

 

5.19 Annual savings of $15 per light bulb can be achieved for each Light Emitting 

Diode (LED) fitting.16 Many homes will have more than 10 lights resulting in an 

annual energy saving of $150 per year over the 20 to 30 year life of the bulb. 

Down lights that penetrate the thermal envelope of the ceiling allow warm air 

to escape living spaces into the ceiling cavity. When down lights are used in 

bathrooms and kitchens moist air is drawn into the ceiling cavity. This 

significantly reduces the overall performance of the ceiling insulation17. Type 

IC classified down lights specified in the pRDP would address these issues for 

minimal cost in new dwellings (Downlight Standard AS/NZS60598.2.2 

Amendment A).   

 

                                                   
13  Attachment A, Table 3, page 10. 
14  www.energywise.govt.nz/your-home/insulation/window-insulation/double-glazing 
15  www.level.org.nz/passive-design/insulation/how-insulation-works. 
16  EECA Right Light online calculator ( http://www.energywise.govt.nz/tools/lighting). 
17  EECA Right Light online calculator ( http://www.energywise.govt.nz/tools/lighting). 

www.beaconpathway.co.nz/.../Beacon_factsheet_(22)_Downlights.pdf. 



  

 

26612125_1.doc   8 
 

Ventilation 

 

5.20 To protect the health of the occupants and the integrity of the building, 

adequate ventilation must be installed in the kitchen and bathroom. 

Mechanical ventilation extracting moist air to the outside of the dwelling is the 

most effective way to reduce the sources of moisture in a modern home.18  

 

5.21 The kitchen can generate 3 litres of water per meal and the bathroom 0.5 litres 

per shower.19 Moisture in the home can lead to mould, condensation and 

makes the home harder to heat. Mould is a significant problem in New Zealand 

principally because of poor ventilation.20 The NZ Building Code does not 

require mechanical ventilation (it requires a specified level of air exchange) 

and in some cases bathrooms are vented into the ceiling cavity causing further 

moisture problems in the rest of the house.  

 

6. CONCLUSION 

 

6.1 The proposed dwelling accessibility and energy and water efficiency provisions 

seek to address important issues. According to the BRANZ report the 

provisions require refinement to achieve economic efficiencies. The provisions 

are aimed at providing the best social, environmental and economic outcome 

for the community.  In saying that, I accept that there may be other measures, 

rather than inclusion of the standards within the pRDP, which could enable the 

benefits that I have outlined to be achieved. 

 

 

Tony John Moore 

18 August 2015 

                                                   
18 Home Performance Advisor Manual 2014, Page 44.  
19 Home Performance Advisor Manual 2014, Page 44. 
20 BRANZ House Condition Survey 2010, Page 23. 
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1. INTRODUCTION 
BRANZ was commissioned by Christchurch City Council (CCC) to provide a cost 
benefit analysis on a sub-set of key elements contained within the Lifemark 3 Star 
and Homestar 6 Star standards. CCC have included these elements in the 
residential chapter of the Draft District Plan (DDP) as a requirement for all new 
housing development.  The specific measures examined by BRANZ are contained in 
the appendix to this report.  

We have estimated the benefits and costs of applying the Accessible Design and 
Water and Energy Standards proposed within the Draft District Plan relative to the 
conditions already required in the New Zealand Building Code (NZBC). 

 

2. SUMMARY 
Most of the proposed accessible design changes proposed in the DDP are 
inexpensive and can usually be accommodated by layout changes within the same 
overall building footprint.  However, some of the proposed accessible features 
impact heavily on apartments, with significant cost implications, and this needs 
further investigation.  

The proposed insulation changes, as a package, are not cost effective and 
unnecessarily add to initial cost in timber frame construction.  Where concrete 
masonry construction is used in inter-tenancy walls the proposed thermal insulation 
R values are unrealistic and are not cost effective.     

The proposed water-use efficiency measures are financially beneficial and have 
small or nil initial cost. 

 

3. METHODOLOGY AND RESULTS 
Sets of consent drawings of new housing typical of the type of construction in 
Christchurch were examined to identify the design changes needed to comply with 
the proposed DDP provisions.  The selected houses were: 

• Detached single storey house 192 sqm 
• Attached single storey duplex 105 sqm 
• Detached two-storey house 251sqm 
• Attached two-storey townhouses between 155 and 168 sqm 
• Apartment units in a three-storey block, between 71 sqm and 79 sqm. 
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3.1 Accessible Design 
Selected attributes of the Lifemark 3 star residential design have been incorporated 
into the DDP by the council.  These requirements are clauses 14.11.3.11 Life-stage 
inclusive and adaptive design for new residential units in the DDP. 

There are various design requirements for most parts of the house including the 
house access, entrance, doors, passageways, living area, bedroom, laundry, 
kitchen, toilet, shower and stairways.  The selected houses were assessed against 
the requirements.  The results are summarised in Table 1 and more details are in 
the appendix, see Table 7.  The selected houses complied with most requirements, 
or could be modified fairly easily to comply.    

 

Table 1 Feasibility of adaptive design features in typical houses 

 

 

 

Additional costs to achieve proposed adaptive design features 

Detached 

one-storey 

house

Duplex one-

storey 

houses

Detached 

two-storey 

house

Attached 

two-storey 

house

Apartments  

in three-

storey bldg
Adaptive design (number as per DDP table) $ $ $ $ $

1. Path width 1.2m 240 - - - -

2. Exterior path light,  switch circuit. - 300 300 300 -

3. Internal doors (860 instead of 810 or 760) 20 20 20 20 40

4. Passageways  (1) OK OK OK OK OK

5. Bed space at living level OK OK OK OK OK

6. Laundry space OK OK OK OK rd

7. Kitchen a thoroughfare (2) OK OK OK rd rd

8. Toilet/ shower primary living area  (3) OK OK rd rd OK

9. Shower/Toilet walls reinforced for grab rails (4) 120 120 120 120 120

10. Slip resistant floor surfaces 0 0 0 0 0

11. Stair walls reinforced for stair-lift (5) - - 270 270 135

12. Stair walls reinforced for grab rails/ handrails - - 90 90 90

12. Stairs, require 0.31m tread cf 0.28 m  (6). - - 140 140 rd

Total 380 440 940 940 385

Notes: rd = requires redesign/re-location and/or a larger footprint.

(1)  All houses need extra passageway width, but this can be taken from adjacent rooms or cupboards for all houses.

Alternatively add to the footprint with extra width costed at about $450/m or typically $3,000 per house.

(2) No for kitchen means it needs relocation as a reduction in size is not feasible. This may involve extra cost.

(3) No for Accessable Toilet/ shower at the living level means it is not feasible within footprint, i.e. need extra floor

area @  approx $6,000 (extra 1.5 sqm).

(4) Install 150 x 50 dwang around the room perimeter at appropriate height.

(5) Doubling-up on the studs is assumed to provide sufficient structural strength.

(6) Some of the apartment units have winders and extra floor area is required 

@ approx $8,000 per unit.(Extra 2.0 sqm per unit)
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Modifications required are: 

1. Pathways.  Most are 900mm wide and need extra concrete to bring to 1200mm.  
This has been costed. 

2. Entrance. It is not clear how the threshold is measured but most aluminium door 
bottom jambs were about 20mm or less and meet the DPP.  If the measurement 
is to the exterior ground level (i.e. path level) then all houses (excluding 
apartments) had more than a 20mm threshold and require modification.  This 
may be extra concrete shaped for drainage away from the house and an 
embedded plastic drainage channel at the door. Alternatively a short timber 
ramp may be required depending on the geometry of the entrance. There are 
good reasons for having an exterior threshold.  It is suggested this requirement 
should be dropped as the exterior access can be modified later for a quite small 
cost (e.g. a short timber ramp). 

3. Doors.  Entrance doors were already 860mm leaf in all selected houses.  Some 
doors to the living space require upgrading to 860 mm leaf.  The cost different 
between existing 760 or 810 doors and 860 doors has been included in the cost 
analysis. In theory the wall area is reduced slightly but this off-set has been 
ignored in the cost analysis. 

4. Passageway.  In all selected houses the passageways were too narrow, in most 
cases by about 150mm.  They can be made wider in all cases by reducing 
cupboard depths and/or by taking space out of adjacent rooms.  This may 
reduce the amenity of the initial occupants who may not get compensating 
amenity from wide passages.  The question is should this loss of amenity be 
valued?  One way is to add on compensating space to the building footprint, 
valued at the whole building $/sqm rate.  This has not been done in the cost 
analysis and would be expensive. 

5. Living level bed access space.  All designs had adequate access space. 
6. Laundry access space.  Adequate for all selected houses.  Usually they are in 

the garage which provides easy access. 
7. Kitchen not a thoroughfare.  One house (single storey duplex) had access to the 

garage via the kitchen. Another house (two-storey attached) had the entrance 
hall to lounge access partly through the start of the kitchen.  In the latter case 
there is an interpretation uncertainty of where the kitchen starts, and this 
requirement may cause difficulties. 

8. Toilet on living level, and strengthened walls. In two selected houses the toilet 
dimensions at the living level were insufficient for 0.8m side access to the pan.  
There was sufficient room in an adjacent storage space (two-storey detached) to 
widen the toilet but in the other case (two-storey townhouses) the redesign 
would be intruding into family space.  The costs allow for strengthening dwangs 
for subsequent installation of grab rails.   

9. Shower. The NZS4121 combined shower and toilet inside dimensions are 2.1 x 
1.9 m minimum. All houses were OK except the two-storey townhouses did not 
comply.  For the latter an extension of the toilet/shower into the adjacent storage 
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space appears to be feasible.  The costs allow for strengthening dwangs for 
grab rails.   

10. Bathroom floors.  To be non-slip.  This can be provided at minimal cost and this 
cost has been ignored. 

11. Multi-storey stairway walls.  The stair widths were OK.  The treads were too 
short in all houses and units but can be extended within the available space by 
reducing landings for most housing.  The exception is for the apartment plans 
examined where the intrusion is significant and in practice requires more floor 
space per unit, i.e. an increase in the overall building footprint. The costs allow 
for strengthening the stairway walls to subsequently install a stair side carrier 
platform as needed.     

 

3.2 Water and Energy Standards 
3.2.1 Energy modelling 

The thermal modelling was carried out using the ALF 3.2 software and the Energy 
Plus software simulation package.  The default parameters were: 

• Whole house heating and cooling, morning and evening (7am to 9am, and 
5pm to 11 pm) 

• The set point minimum for the interior temperature was 20 degree C and 
summer cooling needs were ignored. 

• Orientation as shown on the drawings was used.  
• Number of persons was assumed to equal the number of bedrooms plus 

one.  
In the terraced houses and apartments the interior occupancies have quite different 
thermal performance to the end apartments.  Both were modelled. 

3.2.2 Water use modelling 

BRANZ has undertaken two projects in recent years on water use in housing.   

Water End-use and Efficiency Project (WEEP) (2007): 
Twelve homes on the Kapiti Coast where monitored to find out where and how water 
is used in summer and winter. The results showed an average water use for Kapiti 
Coast of 184.2 L/person/day and the work provided a greater understanding of each 
end-use. For example, we now know that: toilets are used an average of 5.2 times 
per day for each person; the median flow rate of an indoor tap is 2.86L/min; and the 
median shower duration is 6.8 minutes in Kapiti Coast. 

Water Use in Auckland Households, Auckland Water Use Study (AWUS) 
(2008): 
Two six week periods were monitored in fifty-one homes in the Auckland region, 
using a similar methodology to WEEP. The results showed the median water use for 
Auckland to be between 130 and 143 L/person/day and a much more detailed 
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understanding of water end-uses. For example: median shower use was 5.5 
minutes at 7.5 L/min 0.9 times per day for each person; indoor taps are used for a 
median of 20 seconds, 24 times per day with a flow rate of 0.45 L/min (due to not 
being fully opened during use); and toilets are used on average 4.7 times per day, 
with more use in summer than in winter. 
 

Table 2 Where domestic water is used 

End Use as % of 
total water use 

Auckland Kapiti Coast 

Summer Winter Summer Winter 

Tap 12 16 12 14

Shower 25 30 22 27

Washing 
Machine 

23 24 20 24

Toilet 18 19 17 19

Dishwasher 1 1 1 1

Bathtub 2 1 2 3

Misc 0 1 0 0

Outdoor 17 6 22 8

Leaks 4 2 3 4

Reference: 

Heinrich, Matthias. 2008. ‘Water Use in Auckland Households – Auckland Water 
Use Study (AWUS) Final Report’. BRANZ Ltd, Judgeford, New Zealand. 

 

 

4. ESTIMATION OF THE COSTS 
For adaptive design features the additional costs are generally quite modest, as 
shown in Table 1.  However, where possible the features have been incorporated 
within the existing footprint of the house, which results in reduction in space in 
adjacent room for many of the features.  There are some problems with space for 
showers / toilets at the primary living level in some multi-level design and these 
could be quite expensive to include in the lay-outs examined (approximately 
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$6,000).  The winder stairs and tread length are also an issue in the apartment 
building examples and require an addition to the footprint costing about $8,000 extra 
per unit.  This assumes similar layouts to those examined, with a slight lengthening 
of the building block. These extra bathroom and stair costs were not included in the 
totals in Table 1. 

The energy efficiency measures are costed in Table 3.  The additional cost is 
estimated at between $22/ sqm and $40/ sqm depending on the residential types. 
This also includes the cost of extractor fans and ducts for moisture laden air.  

 

Table 3 Additional Insulation costs 

 

 

 

5. ESTIMATION OF THE BENEFITS 
There are no local studies of the dollar benefits of adaptive design.  In the year to 
June 2015 there were approximately 50,100 ACC claims in the Canterbury region 
for domestic falls, with an average medical cost of $850 each.  This represents a 1 
in 10 chance for injury to each Canterbury person, or an expected annual injury cost 
of $85 per person.  If we assume the proposed adaptive design measures reduce 
accidents by 10% then the expected benefit per person per year is 10% x $85 = $8.   
Assuming 3 persons per house on average it would take between 15 to 40 years of 
accident savings to recover the costs of the identified features in Table 1.   

Additional costs (cf NZBC) to achieve proposed energy efficiency features 

Detached 

one-storey 

house

Duplex one-

storey 

houses

Detached 

two-storey 

house

Attached 

two-storey 

house

Apartments  

in three-

storey bldg

Additional costs $ $ $ $ $

Ceiling insulation (1) -133 -66 -111 -62 -34

Wall insulation (2) 400 272 536 632 706

Windows thermal break (3) 1526 625 1250 935 1437

Concrete slab edge & perimeter insulation (4) 1768 1159 2319 1074 646

Insulation costs 3562 1990 3993 2580 2755

Extractor fans/ducts in kitchen, bathrm, laundry (5) 700 600 600 600 400

Total costs 4262 2590 4593 3180 3155

$/sqm 22.2 24.7 18.3 20.3 39.9

floor area sqm 192 105 251 157 79

(1) Ceiling insulation @ R3.2 in the DDP is less than the NZBC schedule method with R3.6  or more.

(2) Wall insulation in the NZBC schedule method is R2.4 or R2.6, so the DDP R2.8 is a cost extra.

(3) The window specification in the  NZBC schedule method is R0.26 so the DPP R0.31 is a cost extra.

(4) The floor specification in the NZBC schedule method is no insulation so edge insulation is a cost extra.

(5) The NZBC has no specific requirements for ducting of moisture laden air (except for rooms with no windows).
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These calculations are very speculative and are intended to give a “ballpark” 
estimate of potential savings from adaptive design in new buildings.  There are no 
studies which quantify reduction in home accidents due to accessible design.   

The calculations do not allow for any earnings losses and quality of life costs.  
These together are probably at least as great as the direct medical costs.  So the 
number of years to recovery of the cost of the measures with the above 
assumptions is halved. I.e. to between 7 and 20 years, which is marginally cost 
effective, always assuming we do get a 10% reduction in accidents. 

The estimated benefits from increased insulation as proposed in the DDP are shown 
in Table 4.  These savings are quite small in comparison to the extra costs for the 
insulation shown in Table 3 and are not cost efficient, with a pay-back period of well 
over 30 years.  The table results are for a typical heating regime, i.e. 20oC morning 
and evening for the whole house.  Even if the heating was for 24 hours, or if some 
summer cooling energy savings was included, the proposed insulation measures 
are unlikely to be cost effective. 

Table 4 Modelling of heating energy savings 

 

 

Space heating energy savings 
Energy savings (NZBC compared to CCC DDP)

kWh/sqm Floor area kWh/year $/year

(1) sqm (incl garage) (2)

Single storey detached 3.48 192 668 89

Single storey duplex 4.83 105 507 67

Two storey detached 3.45 251 867 115

Two storey attached Hse 3.12 157 490 65

Two storey attached Hse 2 3.04 168 510 68

Two storey attached Hse 3 3.21 155 498 66

Apartments unit 1  (3) 4.97 79 393 52

Apartments unit 2 3.14 71 224 30

Apartments unit 3 0.52 71 37 5

(1) Morning/ evening heating , living area only, 20 degree C.

(2) $ savings  per year. Assume heat pump energy with COP 2.0, and 

(3) Apartment description : electricity price of 26c/kWh.

Unit 1 Two storey 1 party wall 1 End wall On Grd and 1st level.

Unit 2 One storey 2 Internal party walls On Grd floor

Unit3 Two storey 2 Internal party walls, On 1st & 2nd level
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Water efficiency measures are in Table 5.  The results indicate annual savings of 
between $200 and $400 per year, depending on the house.  These are achieved 
with no or minimal cost (e.g. flow reducers) and these extra costs have been 
ignored. 
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Table 5 Water efficiency cost savings 

 

Water efficiency - potential savings for new Christchurch houses

Detached 

one-storey 

house

Duplex 

one-storey 

houses

Detached 

two-storey 

house

Attached 

two-storey 

house

Apartments  

Three 

storey

Typical (3) Star rated Persons per house

Unit Typical Star Litres per person  Litres per person 4 3 4 3 2

rate (1) rate (2) per day per day Savings per house per day (litres)

Shower litre/min 9 6.2 WELS 3 Star Shower 57 41 63 48 63 48 32

Toilet litre 5.5 3.5 WELS 4 Star Toilets 22 14 32 24 32 24 16

Taps litre/min 12 5.5 WELS 5 Star Taps 20 9 43 32 43 32 21

138 104 138 104 69

$ Savings per year

Water (4) 28 21 28 21 14

(1) Typical for new housing.  Source BRANZ Water end-use and Hot water energy (5) 384 288 384 288 192

 efficiency project (2007), and BRANZ Auckland water use (2008) project. 411 308 411 308 206

(2) BRANZ assumption for WELS ratings

(3) Assume 6.6 min per shower, one shower per person per day, 4 toilet flushes per person per day, taps are 11% total residential use or 20 litres per person per day.

(4) Shadow price of 0.055 c/litre This is the cost to council to provide water.  It needs to be included even though owners do not directly pay per unit used.

(5) Need 0.0374 kWh per litre from 16degC to 45degC, allowing 10% for losses. Electricity rate= 26.5 c/kWh
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6. DISCUSSION 
The researchers note that there may be dangers in extrapolating the results beyond 
the plans that were analysed. These plans were deemed to be “typical” by the CCC. 
Analysis of all consent data for the past year is in Figure 1 and shows that the 
average dwelling floor area was 167 sqm.  The breakdown into detached house was 
approximately 199 sqm, and 66% of all dwelling units. For all other units 
(townhouses, flats, apartments, terraced- houses) the average was about 107 sqm 
and were 34% of total dwelling units in the period.  The plans provided by CCC 
cover both dwelling types and the floor areas of the selected houses are fairly typical 
of Figure 1.   

So the typologies costed appear to be representative of what is being built across 
Christchurch.  Furthermore, the heating energy savings in Table 4 are roughly 
similar on a kWh/sqm basis for the detached and attached houses, and the 
insulation results in this report are likely to apply to most house types.  

 However, there is a need to look further at apartments, as their thermal 
performance is quite different from houses and this project has examined only one 
three-storey apartment building.  For example, Table 4 indicates a wide range in the 
energy savings of the apartment units.  The savings vary markedly depending on 
whether the unit is at the end, and/or whether the unit has an external roof.  

Figure 1. Consented floor area per unit in Christchurch Year Ending July 2015 

 

 

The accessible design proposed measures have a disproportionate effect on the 
smaller dwelling units.  Again this particularly affects the three-storey apartments 
where the bathroom were too small and could not be expanded into adjacent rooms 
within the unit footprint.  I.e. the size of these units needs to be larger by about 2 
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sqm at a cost of about $8000.  The stairways also needed to be increased in length 
to remove the winders and to achieve the required tread size. 

The pay-back period for the package of the insulation measures averages about 36 
years for the houses (detached and attached).  The individual measure with the 
shortest pay-back is commonly the slab edge insulation with an approximate 30 year 
pay-back.  The R2.8 insulation has the longest pay-back, approaching 60 years on 
average, mainly because it is quite expensive.  The assumed insulation prices are in 
Table 6 in the appendix. 

 

7. APPENDIX 
Details of the DDP specification for accessibility, water conservation and energy 
efficiency follow.  They were provided to BRANZ in an email from T Moore dated 
22nd August 2015: 

7.1 Accessible Design Standards 
1. A sealed pathways shall be able to be provided from either the road 

boundary of the site or a car parking space to a door into the residential unit. 
That path can have: 

a. A minimum clear width of 1.2 metres 
b. A slip resistant surface 
c. Pathway lighting that is switched on from a light switch located at the 

door at the end of the path. 
2. A primary pedestrian entrance door to the residential unit with: 

a. A minimum clear opening width of 0.81 metres with a door leaf of 
0.86 metres 

b. A maximum threshold of 20mm; and 
c. An external landing area that has a slip resistant surface. 

3. All doorways to and within living space have: 
a. A minimum clear opening width of 0.81 metres and a door leaf of 

0.86 metres; and 
b. A level transition and threshold. 

4. All corridors, hallways and passageways have a minimum clear width of 1.05 
metres. 

5. A lounge or bedroom in the primary living level shall contain sufficient space 
to contain a bed with minimum dimensions of 0.9 metres by 1.9 metres so 
that the bed can fit with a minimum 0.8 metres around one side of the foot 
and a clear minimum 0.8 metres wide path from a door to the side of the 
bed. 

6. The laundry space shall provide at least 1.05 metres clearance in front of 
fixed benches and appliances. 

7. The kitchen is not a residential thoroughfare. 
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8. A toilet is installed, or space is provided for a toilet to be installed in the 
future, on the primary living level that has a minimum 0.8 metres clear space 
beside the toilet and a centre line of the toilet pan that is 0.45 metres from 
the wall 

a. All toilet walls and those walls in any dedicated future toilet space are 
reinforced to provide a fixing surface for grab rails to be installed in 
the future. 

9. A shower is installed, or the space is provided for a shower to be installed in 
the future, on the primary living level that has: 

a. A level entry shower recess with minimum dimensions 1.2 metres by 
1.2 metres 

b. Drainage of the shower recess located at the corner of a room 
c. A clear space that provides for a 1.5 metre turning circle 
d. 0.8 metres clear space beside the shower seat; and 
e. All shower walls, and those walls in any of the dedicated future 

shower spaces, are reinforced to provide a fixing surface for grab 
rails to be installed in the future. 

10. All bathrooms have slip resistant floor surfaces 
11. For multi-storey access, all stairway walls shall have: 

a. Reinforced walls for future installation of a stair-lift or platform-lift 
b. Reinforced walls for future installation of New Zealand Building Code 

accessible handrails on both sides 
c. A minimum clear width of 0.9 metres 
d. A straight design with no winder treads 
e. Consistent tread depth with a minimum dimension of 0.31 metres 
f. Consistent riser height with a maximum dimension of 0.18 metres 
g. No open risers; and 
h. Lighting with light switches at the top and bottom of the stairs. 

7.2 Water and Energy Standards  
1. Ceiling insulation with an R-Value of at least 3.2 
2. No recessed downlights penetrating the thermal envelope 
3. Thermally broken double glazing with insulation R-Value of at least 0.31 
4. Wall insulation R-Value of at least 2.8. 
5. Where a concrete slab is proposed as part of the building design, raft/pod 

insulation must be used with slab edge insulation with a minimum R-Value of 
2.2, 25mm Expanded Polystyrene Sheet (XPS) and 9 millimetre Fibre 
Cement Board glued to the face. 

6. Dedicated extraction must be installed in the kitchen and bathrooms. 
7. There must be provision to vent a clothes drier to the outside of the 

residential unit. 
8. Must have WELS 3 Star showers, WELS 4 Star toilets and WELS 4 Star 

taps. 
9. No installed un-flued gas heating. 
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10. Must be low energy lighting capable. 
11. No non FSC certified tropical hardwoods may be used. 

Table 6 Unit insulation costs      

 

 

 

 

 

 

 

 

 

 

 

 

Table 7 Inclusive and adaptive design features assessed against typical 
housing – the details.

Unit costs fibreglass insulation installed
Ceiling Ins R $/sqm Wall Ins R $/sqm

2.2 9.9 1.2 6.8 polystyrene

2.6 9.9 1.8 7.6

3.2 11.6 2.2 8.5

3.6 12.4 2.4 10.4

4.0 12.8 2.6 11.6

4.6 15.8 2.8 14.9

5.0 17.9

Window R0.31 

diff with R0.26 Slab edge

Above 

garage

Electricity 

Retail Heat pump

$/sqm insul $/m insul $/sqm c/kWh COP

42.5 34.0 8.5 26.5 2.0

Source: Rawlinsons NZ Construction Handbook 2013/14.

A 15% discount to the Rawlinson prices has been used to allow

for bulk discounts.
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Key: 
M - Plan meets requirement        
C - Plan would meet requirement with changes (to walls 
etc.) 
N - Plan would require additional floor space 
 

2. A primary pedestrian entrance door to the residential unit with: 3. All doorways to and within living space have:

a) A minimum clear width of 
1.2m b) Slip resistant surface

c) Pathway lighting switched on 
from a switch located at the 
door at the end of the path

a) A minimum clear opening 
width of 0.81m with a door leaf 
of 0.86m

b) A maximum threshold of 
20mm

c) An external landing area that 
has a slip resistant surface

a) A minimum clear opening 
width of 0.81m with a door leaf 
of 0.86m

b) A level transition 
and threshold

C - pathway is 0.9m M - Will have broomed float finish M - OK, has an internal switch M - Door leaf 0.95m M - Compliant M - same finish as path C - 0.81m leaf M - OK

M - Pathways and ramp appear 
to be 1.2m wide

C - May need to broom pathways, 
ramp may be OK

C - Pathway lighting necessary C - Door leaf 0.81 M - Compliant M - Check finish? C - 0.81m Leaf M - OK

M - Pathways is 1.8m C - May need to broom? C - No lighting provided M - Door leaf 1.01m M - Compliant C - assume no finish C - 0.81m leaf M - OK
C - Units 1,2 & 3 require 

connecting driveway to path
C - May need to broom? C - No lighting provided C - Door leaf 0.81 M - Compliant C - assume no finish C - 760 leaf M - OK

C - Space looks to be sufficient 
although further concrete may 

be necessary
C - May need to broom? C - Assume no lighting provided M - Door leaf 1.085m M - Compliant M - Should be OK C - 810 leaf M - OK

1. A sealed pathways shall be able to be provided from either the road boundary of the site or a 
car parking space to a door into the residential unit

Three or more stories attached

Single storey attached

Single storey stand alone

Double storey stand alone

Double storey attached
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M= Plan meets requirement; C= Plan would meet requirements with changes to room sizes within existing footprint; N = Plan would require additional floor space. 

8.

a) A bed with 
minimum dimensions 
0.9m x 1.9m

b) 0.8m around one 
side of the foot of 
the bed

c) A clear minimum 
0.8m wide path from 
a side of the bed

a) Toilet on primary level that has 
minimum 0.8m clear space beside 
the toilet and a centre line of toilet 
pan that is 0.45m from the wall

b) All toilet walls reinforced to 
provide a fixing surface for 
grab rails in the future

C - 1m M - Laundry of sufficient size M - Kitchen OK
M - ensuite would meet size 

requirement
C - May need further 

reinforcing

C - Hallways 0.97m M - Laundry in garage M - Kitchen OK
M - bathroom meets size 

requirement
C - May need further 

reinforcing

C - 1m M - Laundry in garage M - Kitchen OK C - WC on ground level insufficient
C - May need further 

reinforcing

C - 1m M - Laundry in garage
C - Entry through 

kitchen

C - no toilet in 3 units, other units 
room too small, will need to move 

wall

C - May need further 
reinforcing

C - Passageway 0.78m (Unit type 
1), 0.915m (Unit type 2), 0.94m 
(Unit type 3), 0.765m (Unit type 

4), 0.91 (Unit type 5), 0.84m (Unit 
type 6), Stairways OK

C - Insufficent space (Unit 
type 1, 2, 3, 4, 5 & 6)

C - Kitchen is 
thoroughfare (Unit 

type 1, 2, 3, 4 & 6) M 
in Unit type 5

M - bathroom meets size 
requirement (unit type 1, 2, 3, 4 & 

5) C - No bathroom main level (unit 
type 6)

C - May need further 
reinforcing

7. The kitchen is not 
a residential 
thoroughfare

M - Master bedroom of sufficient size

4. All corridors, hallways and 
passageways have a minimum 
clear width of 1.05m

5. A lounge or bedroom in the primary living level shall contain 

Single storey stand alone

M - Bedroom 1 of sufficient size

M - Living room of sufficient size

M - Bedroom of sufficient size (Unit type 1, 2, 3 & 5), Living room 
of sufficient size (Unit type 4 & 6)

Single storey attached

Double storey stand alone

Double storey attached

Three or more stories attached

M - Bedroom 1 of sufficient size

6. The laundry space should 
provide at least 1.05m 
clearance in front of fixed 
benches and appliances
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Key: 
M - Plan meets requirement 
C - Plan would meet requirement with changes (to walls 
etc.) 
N - Plan would require additional floor space 
 

9. A shower is installed or space is provided for a shower on the primary living level that has:

a) level entry shower recess 
with min dimensions 1.2m x 
1.2m

b) drainage of the shower 
recess located at the corner of 
a room

c) clear space that provides a 
1.5m turning circle

d) 800mm clear space beside 
the shower seat

e) all shower walls are 
reinforced to provide a fixing 
surface for grab rails to be 
installed in the future

M - ensuite would meet size 
requirement

C - drainage would need to be 
moved slightly

M - ensuite would meet size 
requirement

M - ensuite would meet size 
requirement

C - reinforcing of ensuite walls 
would be needed

M - bathroom meets size 
requirement

M - drainage in correct position
M - bathroom meets size 

requirement
M - bathroom meets size 

requirement
C - reinforcing of bathroom 

walls would be needed

M - ensuite would meet size 
requirement

M - ensuite meets requirement
M - ensuite would meet size 

requirement
M - ensuite would meet size 

requirement
C - reinforcing of ensuite walls 

may be needed

C - reinforcing of bathroom 
walls would be needed (unit 

type 1, 2, 3, 4, 5 & 6)

Single storey attached

Three or more stories attached

Single storey stand alone 183m2

Double storey stand alone 180m2

Double storey attached 6 units N - no shower space on primary living level in 4 units, other 3 units will need to move wall between garage and WC to make room

N - bathroom of insufficient size (unit type 1, 2, 3, 4, 5 & 6)
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M= Plan meets requirement; C= Plan would meet requirements with changes to room sizes within existing footprint; N = Plan would require additional floor space. 

11. For multi storey access all stairway walls shall have:
a) reinforced walls 
for future installation 
of a stair lift or 
platform lift

b) reinforced walls for future 
installation of NZBC accessible 
handrails on both sides

c) a straight design 
with no winder 
treads

d) a minimum clear 
width of 0.9m

e) consistent tread 
depth with a 
minimum dimension 
of 0.31m

f) consistent riser height with 
a maximum dimension of 
0.18m

g) no open risers
h) lighting with light switches at the 
top and bottom of the stairs

C - Likely requires 
further reinforcing

C - Likely requires further 
reinforcing

M - stairs meet 
requirements

M - stairs meet 
requirements

C - Tread 0.28m - 
enough room to 

extend stairs
M - Risers OK Insufficient detail

C - Requires an additional light and 
light switch top of stairs

C - Likely requires 
further reinforcing

C - Likely requires further 
reinforcing

M - stairs meet 
requirements

M - stairs meet 
requirements

C - Tread 0.25m - 
additional 0.72m 

needed
C - Risers 0.185m Insufficient detail No lighting detail

C - Likely requires 
further reinforcing

C - Likely requires further 
reinforcing

N - stairs contain 
winder treads (unit 

type 2, 4 & 6)

M - stairs meet 
requirements (unit 

type 2, 4 & 6)

C - Insufficient treads 
(unit type 2, 4 & 6)

M - Risers OK (unit type 2, 4 
& 6)

Insufficient detail M - Lighting OK (unit type 2, 4 & 6)

Single storey stand alone 183m2

Single storey attached

Double storey stand alone 180m2

Double storey attached 6 units

Three or more stories attached

NA

NA
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Thermal Modelling Methodology 
 
The energy models were constructed to adhere to the modelling methodology prescribed in NZS 
4218:2004 Appendix A: Modelling Method – Building Energy Use Comparison.  This standard 
outlines the modelling methodology required to demonstrate compliance with Clause H1 Energy 
Efficiency of New Zealand Building Code third edition incorporating amendment 2 October 2011. 

The following general modelling assumption were made: 

• EnergyPlus 8.2 was the energy simulation software used to conduct this study. 

• Building activity was assumed as residential.  Internal loads e.g. plug and hot water loads were 

simulated as per NZS 4218:2004.  Lighting loads were excluded as per A3.1 NZS4218:2004. 

• The number of building occupants was assumed based on the number of bedrooms in each 

building.  2 occupants were assumed for the first bedroom, and then 1 occupant per bedroom 

thereafter.   

• Zone infiltration assumed as 0.3 Air Changes per Hour (ACH). 

• Building orientation and site shading as per supplied construction documentation. 

• Where building documentation was lacking, assumptions were made based on the modeller’s 

experience. 

Building Zoning and Heating Assumptions 
Each building was zoned to separate the conditioned (heating only) from the unconditioned 
spaces.  The assumption was made that only the building’s living and bedroom spaces were 
heated. 

Heating was scheduled from 07:00 – 23:00 hours as per the clause A5.8.2 in NZS 4218:2004 
Appendix A.  The heating set points were 20oC from 07:00 – 23:00 hour, and 16oC overnight as per 
NZS 4218:2004 Appendix A. 

A constant ventilation rate of 0.5 Air Changes per Hour (ACH) was assumed for each building zone 
for residential building activities in compliance with NZS4303 as per A5.7.2 NZS 4218:2004. 

 Occupant thermal comfort analysis was not considered as part of this study. 

 

Simulated R-values 
Heating electricity consumption was calculated for two insulation scenarios: 

1. The overall R-values (thermal resistance, m2 oC/W) required for buildings within climate zone 3 as 

specified by replacement tables 1 and 2(b) in H1 of the New Zealand Building Code.  Replacement 
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Table 2(b) applies to only the three storey apartment building.  All other building typologies use 

Replacement table 1. 

2. The overall R-values for each building element as required by the Christchurch City Council.  This 

stipulated replacing the ‘as documented’ building construction insulation levels with the following: 

a. Ceiling/Roof insulation R 3.2 

b. Windows R 0.31 

c. Wall insulation R 2.8 

d. Floor under slab insulation R 2.2, slab perimeter insulation R 0.9 plus 9mm fibre cement board. 

The overall R-values (including thermal bridging effects) of each construction were simulated.   
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