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Preface 
This report examines the costs and benefits of installing insulation at the minimum New 
Zealand Building Code (Code) level compared to higher than Code levels for new housing. It 
examines the performance of non-solid timber-framed construction in 16 climate locations 
throughout New Zealand. Three houses were analysed (small, medium and large, all clay 
brick, steel roof, concrete slab floor), but the main focus is on the medium-sized house. A 
variety of heating appliances (back-to-back air-source heat pumps, electric resistance 
heaters, solid fuel wood burners, night stores, pellet burners and gas) were considered in the 
analyses. Heat pump, electric, and gas heating types are the focus of the main parts of this 
report. 
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Higher Than NZBC Thermal Insulation in New Housing Cost-Benefit 
Analysis 
 
BRANZ Study Report SR 230 (2010) J. Fung 
 
 
 
 

Abstract 
Thermal modelling was carried out for typical new houses to identify the conditions under 
ZKLFK KLJKHU WKaQ CRGH ³VFKHGXOH PHWKRG´ LQVXOaWLRQ OHYHOV aUH FRVW-effective in new 
housing. Generally current Code levels are considered cost-optimal, but a number of 
situations were identified where extra insulation is worthwhile. These included polystyrene 
insulation under the concrete slab, and the provision of a thermal mass wall with whole-
house heating. The type of heating appliance was found to have a significant effect on the 
cost-effectiveness of additional insulation. The base case heating schedule was 21 C from 
5pm to 10pm during winter in the living/family rooms and spaces open to them (i.e. open-
plan living, kitchen and dining room). 
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1. SUMMARY 
This report examines the costs and benefits of installing insulation at the minimum Code 
level compared to higher than Code levels for new housing. The base case is the insulation 
levels as set out in the schedule method in NZBC Acceptable Solution H1/AS1. This work 
examines the performance of non-solid construction in 16 climate locations throughout New 
Zealand. Three houses were analysed (small, medium, and large and all clay brick, steel 
roof, concrete slab floor), but the main focus is on the medium-sized house.  
 
Insulation combination levels are detailed in Table 1 and Table 2 as follows: 

 IQVXOaWLRQ LHYHO 1 (³LHYHO 1´) LQ Climate Zones 1 and 2 is equivalent to the minimum 
Code insulation requirements 

 Level 1 in Climate Zone 3 is slightly above minimum Code insulation with the floor above 
minimum Code (minimum Code is plain concrete slab), and Level 1 in Climate Zone 3 is 
equivalent to Level 2 in Climate Zone 1 and 2.  

 
In 2009 for the South Island, about half of all concrete slab floor houses had some kind of 
polystyrene insulation installed under the slab (BRANZ 2009). Here lies the reason for 
modelling Level 1 in Zone 3 with 50 mm EPS polystyrene perimeter insulation under the slab 
instead of just plain concrete slab. R-4.5 in wall insulation is considered a potential upper 
limit in R-values using high-density technology. Note R-values are insulation material R-
values. 
 
Table 1. Zone 1 and 2 insulation combinations (North Island apart from Taupo) 

 
 
Table 2. Zone 3 insulation combinations (South Island and Taupo) 

 
 

The main results are shown in Table 3, where Level 2 and above are insulation levels above 
minimum Code. The net financial benefits depend on a number of factors including the type 
of heating, and how much of the house is heated. 

 

 

 

Insulation level Floor type Wall Ins R-value Ceiling Ins R-value
Level 1 90mm stud wall plain slab 2.2 3.2
Level 2 1.2m X 50mm eps perimeter insulation under slab 2.4 3.6
Level 3 1.2m X 50mm eps perimeter insulation under slab 2.6 4
Level 4 50mm eps full cover 2.8 4.6
Level 5 100mm eps full cover 4.5 5

Insulation level Floor type Wall Ins R-value Ceiling Ins R-value

Level 1 1.2m X 50mm eps perimeter insulation under slab 2.4 3.6
Level 2 1.2m X 50mm eps perimeter insulation under slab 2.6 4

Level 3 50mm eps full cover 2.8 4.6

Level 4 100mm eps full cover 4.5 5
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Table 3. Main findings of medium-sized house 

 
The main conclusions are: 

 EPS polystyrene insulation under concrete floor insulation is the main energy savings 
contributor and higher wall and ceiling insulation make minimal difference for this 
particular designed house (medium house). This explains why without a thermal mass 
wall, Climate Zone 1 and 2 regions (with its base case as Level 1 which is plain concrete 
slab) had cost-effective options above the base case, and how Zone 3 regions had no 
cost-effective options above the base case. 

 Thermal mass wall is-cost effective when the whole house is heated, but not partly-
heated. Partly-heated with this wall consumes more energy than without it, whereas 
entirely heated with this wall consumes less energy than without it. The initial cost of the 
thermal mass wall was low-cost, therefore not having too much effect on the total initial 
costs which are mainly insulation costs. 

 With heat pump heating, more insulation is cost-effective in only a few situations because 
energy costs are lower 
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Part-house heating 

 Under this heating arrangement with either electric or gas heating, it is cost-beneficial to 
design at Level 2 for Zones 1 and 2.  

 Heat pumps are only marginally cost-effective in Rotorua, Hamilton and Wellington 
(benefit-cost ratios just above 1.0). New Plymouth and East Coast were very close with 
ratios between 0.90 to 0.99. 

 It is cost-beneficial designing at Levels 2 to 4 in Zone 3 due to small proportional energy 
savings and higher insulation costs compared with Level 1 for these options.  

 
Whole-house heating 

 Under this heating arrangement in Zones 1 and 2 under any of electric, heat pump or gas 
heating, it is cost-beneficial to design at Levels 2 or 3 and some at Levels 4 and 5. Zone 3 
shows that no insulation options above Level 1 are cost-effective.  

 About twice as much energy is used when heating the entire house than heating part of 
the house. This means larger margins/differences between energy costs of Levels 2 to 5 
against Level 1. This overall has resulted in increasing the cost ratios, therefore more 
cost-beneficial insulation options. 

 It is not cost-beneficial designing at Levels 2 to 4 in Zone 3 due to small proportional 
energy savings and higher insulation costs compared with Level 1 for these options.  

 
Part-house heating with thermal mass wall 

 Apart from Rotorua, heating with either gas or electric, this option is not cost-beneficial as 
energy consumption rises up by 3-20% with the thermal wall when the house is partly-
heated. This can be explained by the thermal mass requiring a certain amount of energy 
to heat it up. When heating only part of the house, the rear of the wall is facing onto cooler 
temperatures, thus leading to heat being lost out the back and cooling being transferred 
into the heated areas. This would not happen to the same degree with a hollow internal 
wall, as the air gap acts like insulation. The thermal wall is not cost-effective if heating only 
part of the house. The better option is not to have a thermal mass wall if heating part of 
the house. 

Whole-house heating with thermal mass wall 

 Apart from in Nelson heated with either gas or electric heating, this option is cost-effective 
as energy consumption decreases by 5-16% with the thermal wall when the house is 
entirely heated. The thermal wall acts as a temperature moderator. With high enough 
insulation, the thermal wall will maintain the temperatures of the spaces backing onto it, 
releasing the heat slowly when active heating is removed. This then reduces the size of 
the increase in temperature required to get it back up to temperature when heating is 
turned back on. Note that this may not be as effective if the heating is only done for short 
periods. The thermal wall is cost-effective if heating the entire house. 
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2. INTRODUCTION 
This report examines the costs and benefits of having greater insulation levels for three 
different-sized new house designs (clay brick veneer wall cladding, corrugated steel roof, 
slab foundation). These houses were modelled for: 
 
 thermal performance (using thermal performance modelling software SUNREL, refer to 

Appendix 1); and 

  their costs of insulation and energy use during winter heating and summer cooling 
(summer cooling only if heating appliance is heat pump).  

 
The main focus is analysis on the medium-sized house.  

A variety of heating appliances (back-to-back air-source heat pumps, electric resistance 
heaters, solid fuel wood burners, night stores, pellet burners and gas) were considered in the 
analyses. Heat pump, electric and gas heating types are the focus of the main parts of this 
report. Electric resistance heaters in new housing are not as common as the other forms of 
heating, but they gave the higher cost-benefits due to their higher energy cost rates. Heat 
pump and gas are the most common types of heating. Benefit-cost ratios and Present Values 
(PVs) of the main heating appliances analysed and the other types of heating are in 
Appendix 2. 
 
Throughout the report, Level 1 in Zones 1 and 2 is equivalent to Code insulation minimum 
requirements. However Level 1 in Zone 3 (equivalent to Level 2 in Zones 1 and 2) is slightly 
above Code insulation, with the floor type above Code (minimum Code is plain concrete 
slab).  
 
Analysis in this report covers the cost-benefits of insulation level designs (Levels 2 to 5) 
against Level 1 under the heated area arrangement and thermal mass wall scenarios: 
 
1. All three different-sized houses are only partly-heated (referred to as Heated Area 1). 

These are the living/family room and any spaces open to this room (e.g. often the 
kitchen and dining room in new houses). 

2. The medium house is entirely heated (referred to as Heated Area 2). These are the 
living/family room and spaces open to this room (i.e. open-plan living, kitchen and dining 
room) and bedrooms, hallways. 

3. The medium house has a built-LQ WKHUPaO PaVV ZaOO LQ WKH LQLWLaO GHVLJQ IRU ERWK ³Heated 
AUHa 1´ aQG ³HHaWHG AUHa 2´. TKH aQaO\VLV RI WKLV VFHQaULR FKaQJHV WKH LQVXOaWLRQ 
combinations to those set out in Table 4 below. 

 
 

Table 4. Zone 1 and 2 insulation combinations – thermal mass wall 

  
 

Insulation level Floor type Wall Ins R-value Ceiling Ins R-value
level 1 (no thermal wall) 90mm stud wall plain slab 2.2 3.2
Level 1 (with thermal wall) 90mm stud wall plain slab 2.2 3.2
Level 2 (with thermal wall) 1.2m X 50mm eps perimeter insulation under slab 2.4 3.6
Level 3 (with thermal wall) 1.2m X 50mm eps perimeter insulation under slab 2.6 4
Level 4 (with thermal wall) 50mm eps full cover 2.8 4.6
Level 5 (with thermal wall) 100mm eps full cover 4.5 5
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Table 5. Zone 3 insulation combinations – thermal mass wall 

 
Note: Scenarios 2 and 3 were reduced to medium house analysis due to project constraints. 
 
The houses were modelled with the following as base case parameters:  
 
 Insulation at Level 1. In Zones 1 and 2, this is the insulation level of minimum 

requirements as set out in H1/AS1. In Zone 3, Level 1 is slightly above minimum Code 
insulation; with the floor R-value above Code (Code is plain concrete slab). 

 Heating regime for all heating appliances set in the evening at 21 C over winter (referred 
WR aV ³EYH21´ LQ SaUaPHWHU WaEOHV). HHaW SXPS KaV H[WUa VXPPHU FRROLQJ GXULQJ WKH Ga\ 
over summer at 19 C (UHIHUUHG WR aV ³Da\19, EYH21´ LQ SaUaPHWHU WaEOHV). TKH ZLQWHU 
period is from April to October, whereas the summer period is from December to 
February. Over winter, house heating starts from 5pm until 10pm. Over summer, cooling 
with heat pump starts at 9am until 4pm. 

 Economic analysis over a period of 30 years, with discount rate of 5% per annum, energy 
escalation at 1% per annum. 

 Orientation of living/family room facing north for optimal solar exposure to maximise solar 
gains. 

 
The house model variables can be defined by the parameter table below: 

 
 
The selected options on the right-hand column are the ones analysed/simulated. 

 

Throughout this report in the cost-benefit ratio tables, highlighted pink areas are benefit-cost 
ratios of greater than 1.0, meaning the insulation level is more cost-effective than the initial 
design of a house with Insulation Level 1. Cost-benefit ratios are explained in Section 4: 
³MHWKRG: PUHVHQW VaOXH (PV) aQG BHQHILW-CRVW RaWLR´.  
 
For the basic house designs, pricing on insulation and appliances, assumptions, parameters, 
thermal performance modelling software and references refer to Appendix 1. 
 

Insulation level Floor type Wall Ins R-value Ceiling Ins R-value
level 1 (no thermal wall) 1.2m X 50mm eps perimeter insulation under slab 2.4 3.6
Level 1 (with thermal wall) 1.2m X 50mm eps perimeter insulation under slab 2.4 3.6
Level 2 (with thermal wall) 1.2m X 50mm eps perimeter insulation under slab 2.6 4
Level 3 (with thermal wall) 50mm eps full cover 2.8 4.6
Level 4 (with thermal wall) 100mm eps full cover 4.5 5

Variable Options
House type(s) Small, Medium, Large
Schedule Eve21 or Eve22  for all heaters apart from heat pump. For Heat pump: Summer (Day19,Eve21) or (Day20,Eve22)
Heated area 1 or 2
Themal Mass wall? None or Yes
Life cycle years 30
Discount rate 5%
Energy price escalation 1%
Orientation(s) N, NE, E, SE, S, SW, W, NW
Heater Electric, Nitestor, Gas, Pellets, Solid fuel, Heat pump
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3. MAIN RESULTS 
3.1 Part-house heating Heated Area 1 results ² all three house types 
What are the cost-benefits of above Level 1 options for part-house heating Heating Area 1? 
(This is the living or family room and any spaces open to this room, e.g. open-plan living, 
kitchen and dining room.) Below shows the three house types with the parameters modelled. 
 

House model parameters 

 
 

 
  
 

Variable Options selected
House type(s) Small, Medium, Large
Schedule Eve21 for all heaters apart from heat pump. For Heat pump: Summer (Day19,Eve21)
Heated area 1
Themal Mass wall? None
Life cycle years 30
Discount rate 5%
Energy price escalation 1%
Orientation(s) North
Heater Electric, Nitestor, Gas, Pellets, Solid fuel, Heat pump
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Figure 1. Small house energy usage over a year – part-house heating without thermal mass wall 
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Figure 2. Medium house energy usage over a year – part-house heating without thermal mass wall 
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Figure 3. Large house energy usage over a year – part-house heating without thermal mass wall 
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Tables 6 and 7 show cost-benefit ratios of ³Insulation Levels 2 and 3´ against ³Insulation 
Level 1´ of the houses under µHlectric KHaWLQJ¶ aQG µJaV¶. HLJKOLJKWHG SLQN aUHaV aUH EHQHILW-
cost ratios of greater than 1.0, meaning the insulation level is more cost-effective than the 
EaVH GHVLJQ RI WKH KRXVH (L.H. ³IQVXOaWLRQ LHYHO 1´).  
 
Table 6. Part-house heating – benefit-cost ratios at Levels 2 and 3 under electric heating 

 
 
Table 7. Part-house heating – benefit-cost ratios at Levels 2 and 3 under gas heating 

  

Part house heating, benefit cost ratio of Insulation level 2 and 3
Electric House Type

Region Insulation level SMALL MEDIUM LARGE
Northland level2 0.8 2.0 0.6

level3 0.4 0.9 0.3
Auckland level2 0.7 2.1 0.5

level3 0.4 1.0 0.3
Hamilton level2 1.0 3.2 0.8

level3 0.6 1.5 0.4
Bay of Plenty level2 0.8 2.4 0.6

level3 0.5 1.1 0.3
Rotorua level2 2.3 4.5 1.1

level3 1.2 2.1 0.6
Taupo level2 0.3 0.2 0.2

level3 0.9 0.2 0.1
New Plymouth level2 1.0 3.1 0.8

level3 0.6 1.4 0.4
East Coast/Napier level2 0.998 3.1 0.7

level3 0.6 1.4 0.4
Wellington level2 1.5 3.6 1.1

level3 0.8 1.6 0.6
Nelson/Marlborough level2 0.1 0.1 0.1

level3 0.6 0.0 0.1
West Coast level2 0.3 0.1 0.2

level3 0.9 0.1 0.2
Christchurch level2 0.3 0.2 0.2

level3 0.9 0.1 0.2
Central Otago level2 0.5 0.2 0.3

level3 1.4 0.2 0.2
Dunedin level2 0.4 0.2 0.3

level3 1.3 0.1 0.2
Invercargill level2 0.4 0.2 0.3

level3 1.4 0.2 0.2
Cromwell level2 0.5 0.2 0.3

level3 1.4 0.2 0.2

Part house heating, benefit cost ratio of Insulation level 2 and 3
Gas Heater House Type

Region Insulation level SMALL MEDIUM LARGE
Northland level2 0.4 1.0 0.3

level3 0.2 0.5 0.2
Auckland level2 0.4 1.1 0.3

level3 0.2 0.5 0.2
Hamilton level2 0.5 1.7 0.4

level3 0.3 0.8 0.2
Bay of Plenty level2 0.4 1.3 0.3

level3 0.2 0.6 0.2
Rotorua level2 1.2 2.3 0.6

level3 0.6 1.1 0.3
Taupo level2 0.2 0.1 0.1

level3 0.4 0.1 0.1
New Plymouth level2 0.5 1.6 0.4

level3 0.3 0.7 0.2
East Coast/Napier level2 0.5 1.6 0.4

level3 0.3 0.7 0.2
Wellington level2 0.8 1.9 0.6

level3 0.4 0.8 0.3
Nelson/Marlborough level2 0.2 0.1 0.1

level3 0.7 0.1 0.1
West Coast level2 0.4 0.2 0.3

level3 1.1 0.1 0.2
Christchurch level2 0.4 0.2 0.3

level3 1.2 0.2 0.2
Central Otago level2 0.5 0.2 0.4

level3 1.6 0.2 0.3
Dunedin level2 0.4 0.2 0.3

level3 1.5 0.2 0.2
Invercargill level2 0.5 0.2 0.3

level3 1.6 0.2 0.3
Cromwell level2 0.5 0.2 0.4

level3 1.6 0.2 0.3
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Under electrical heating 

 The small house with insulation at Level 2 is cost-effective in most Zone 2 regions. For the 
lower South Island (Central Otago, Cromwell, Invercargill, Dunedin), Level 3 is more cost-
effective than Level 1, mainly because energy savings per year at Level 3 compared with 
base case Level 1 (15-18%) were much greater than energy savings at Level 2 with base 
case Level 1 (2%).  

 The medium house with insulation at Level 2 and/or 3 is cost-effective in the north apart 
from Taupo which is a Zone 3 region. 

 The large house only shows Rotorua and Wellington with cost-benefits at Level 2. 

 Wellington and Rotorua were cost-effective for all houses at Level 2. 

 
Under gas heating 

 The small house with insulation at Level 2 is cost-effective only for Rotorua. For the lower 
south island (Central Otago, Cromwell, Invercargill, Dunedin), Level 3 is more cost-
effective than Level 1, mainly due to energy savings per year at Level 3 compared with 
base case Level 1 (15-18%) were much greater than energy savings at Level 2 with base 
case Level 1 (2%). The medium house with insulation at Level 2 is cost-effective in the 
north apart from Taupo which is a Zone 3 region. 

 No cost-benefits against Level 1 were found for the large house. 

In general 

 Although heat pumps are the most common heaters, extra insulation is not cost-effective 
(even including summer cooling energy savings) except in Hamilton, Rotorua and 
Wellington. Hamilton and Rotorua have colder winters, and Wellington has high wind 
speeds. Refer to Appendix 2 Sections 10.1.2, 10.1.8, 10.1.14. 

 In most cases, it is not cost-beneficial designing houses at Levels 4 and 5. 

 In most cases, it is not cost-beneficial designing at above Level 1 for houses in Zone 3 
due to small proportional energy savings and higher insulation costs compared with Level 
1 for these options.  

 

3.2 Entire house heating Heated Area 2 results ² medium house 
What are the cost-benefits of above Level 1 options for entire house heating Heating Area 2? 
(This is the living and/or family rooms and spaces open to this room, bedrooms, kitchen, 
dining, hallways.) See below which shows the medium house with the parameters modelled. 
 

House model parameters 

 

Variable Options selected
House type(s) Medium
Schedule Eve21 for Non-heat pump. For Heat pump: Summer (Day19,Eve21)
Heated area 2
Themal Mass wall? None
Life cycle years 30
Discount rate 5%
Energy price escalation 1%
Orientation(s) North
Heater Electric, Heat pump, Gas
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Figure 4. Medium house energy usage over a year – entire house heating without thermal mass wall 



 

13 

Tables 8, 9, 10 below show cost-benefit ratios against Level 1 of the medium house under 
electric heating, heat pump, gas heater for heating the entire house Heated Area 2. 
 
Table 8. Entire house heating – benefit-cost ratios at Levels 2 and 3 under electric heating 

 
 
Table 9. Entire house heating – benefit-cost ratios of all levels under heat pump 

 
 
Table 10. Entire house heating – benefit-cost ratios of all levels under gas heating 

 

Entire house heating benefit cost ratios
Electric Heater Insulation level

Region level2 level3 level4 level5
Northland 7.6 3.4 1.8 0.9
Auckland 8.0 3.7 1.9 0.9
Hamilton 12.6 5.7 3.0 1.5
Bay of Plenty 9.3 4.2 2.2 1.1
Rotorua 17.7 8.1 4.3 2.1
Taupo 0.4 0.3 0.3 n/a
New Plymouth 12.0 5.4 2.9 1.4
East Coast/Napier 12.1 5.4 2.9 1.4
Wellington 14.2 6.4 3.4 1.7
Nelson/Marlborough 0.2 0.1 0.1 n/a
West Coast 0.4 0.3 0.3 n/a
Christchurch 0.4 0.3 0.3 n/a
Central Otago 0.6 0.5 0.5 n/a
Dunedin 0.5 0.4 0.4 n/a
Invercargill 0.5 0.4 0.4 n/a
Cromwell 0.6 0.5 0.5 n/a

Entire house heating benefit cost ratios
Heat Pump Insulation level

Region level2 level3 level4 level5
Northland 2.3 1.1 0.6 0.3
Auckland 2.6 1.2 0.6 0.3
Hamilton 4.2 1.9 1.0 0.5
Bay of Plenty 3.0 1.4 0.7 0.4
Rotorua 6.2 2.8 1.5 0.7
Taupo 0.1 0.1 0.1 n/a
New Plymouth 3.9 1.8 0.9 0.5
East Coast/Napier 4.1 1.8 1.0 0.5
Wellington 4.8 2.1 1.2 0.6
Nelson/Marlborough 0.0 0.0 0.0 n/a
West Coast 0.1 0.1 0.1 n/a
Christchurch 0.1 0.1 0.1 n/a
Central Otago 0.2 0.2 0.2 n/a
Dunedin 0.2 0.1 0.1 n/a
Invercargill 0.2 0.1 0.2 n/a
Cromwell 0.2 0.2 0.2 n/a

Entire house heating benefit cost ratios
Gas Heater Insulation level

Region level2 level3 level4 level5
Northland 3.9 1.8 0.9 0.5
Auckland 4.2 1.9 1.0 0.5
Hamilton 6.5 3.0 1.6 0.8
Bay of Plenty 4.8 2.2 1.2 0.6
Rotorua 9.2 4.2 2.2 1.1
Taupo 0.2 0.2 0.2 n/a
New Plymouth 6.2 2.8 1.5 0.7
East Coast/Napier 6.2 2.8 1.5 0.7
Wellington 7.4 3.3 1.8 0.9
Nelson/Marlborough 0.2 0.1 0.2 n/a
West Coast 0.4 0.4 0.4 n/a
Christchurch 0.5 0.4 0.4 n/a
Central Otago 0.6 0.5 0.5 n/a
Dunedin 0.5 0.4 0.4 n/a
Invercargill 0.6 0.5 0.5 n/a
Cromwell 0.7 0.5 0.5 n/a
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Under electrical heating 

 For Zone 1 regions, there are cost-benefits for all levels apart from Level 5 design 

 For Zone 2 regions, there are cost-benefits for all levels 

 For Zone 3 regions, there are no cost-benefits 

 
Under heat pump 

 For Zone 1 regions, there are cost-benefits at Levels 2 and 3 

 For Zone 2 regions, there are cost-benefits at Levels 2 and 3 and some at Level 4 

 For Zone 3 regions, there are no cost-benefits 

 
Under gas heating 

 For Zone 1 regions, there are cost-benefits at Levels 2, 3 and Auckland at Level 4 

 For Zone 2 regions, there are cost-benefits at Levels 2, 3 and Rotorua at Level 4 

 For Zone 3 regions, there are no cost-benefits 

 
In general 

 Over winter, Heated Area 2 consumes about twice the amount energy as Heated Area 1 
due to the extra space heated 

 Larger margins/differences between energy costs of Levels 2 to 5 against Level 1. This 
overall has resulted in increased benefit-cost ratios 

 In most cases, it is not cost-beneficial designing at Levels 2 to 4 for houses in Zone 3 
due to small proportional energy savings and higher insulation costs compared with 
Level 1 for these options.  

 

3.3 Thermal mass wall ² medium house 
What are the cost-benefits against Level 1 if a thermal mass wall is included in the initial 
design of the medium house with electrical heating, heat pump, or gas? The wall covers the 
interior walls inside the living room, starting from the sitting room outer wall continuing along 
through to the study room outer wall.  Orientation of the living room is facing north for optimal 
solar exposure to maximise solar gains.  Refer to Appendix 1 for further details on extra 
costs for thermal mass wall. The tables below show the new insulation options.  
 
Please note that as mentioned before there are two Level 1 options: Level 1 without thermal 
mass wall and Level 1 with thermal mass wall. 

 

Insulation combinations in floor, wall and ceiling for houses in Zones 1 and 2 

 
 

Insulation level Floor type Wall Ins R-value Ceiling Ins R-value
level 1 (no thermal wall) 90mm stud wall plain slab 2.2 3.2
Level 1 (with thermal wall) 90mm stud wall plain slab 2.2 3.2
Level 2 (with thermal wall) 1.2m X 50mm eps perimeter insulation under slab 2.4 3.6
Level 3 (with thermal wall) 1.2m X 50mm eps perimeter insulation under slab 2.6 4
Level 4 (with thermal wall) 50mm eps full cover 2.8 4.6
Level 5 (with thermal wall) 100mm eps full cover 4.5 5
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Insulation combinations in floor, wall and ceiling for houses in Zone 3 

 
 
 

3.3.1 Thermal mass wall when part of house (Heated Area 1) is heated 

 
 

 

 

 

 

 

  

Insulation level Floor type Wall Ins R-value Ceiling Ins R-value
level 1 (no thermal wall) 1.2m X 50mm eps perimeter insulation under slab 2.4 3.6
Level 1 (with thermal wall) 1.2m X 50mm eps perimeter insulation under slab 2.4 3.6
Level 2 (with thermal wall) 1.2m X 50mm eps perimeter insulation under slab 2.6 4
Level 3 (with thermal wall) 50mm eps full cover 2.8 4.6
Level 4 (with thermal wall) 100mm eps full cover 4.5 5

Variable Options selected
House type(s) Medium
Schedule Eve21 for Non-heat pump. For Heat pump: Summer (Day19,Eve21)
Heated area 1
Themal Mass wall? Yes
Life cycle years 30
Discount rate 5%
Energy price escalation 1%
Orientation(s) North
Heater Electric, Heat pump, Gas
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Figure 5. Medium house with thermal mass wall – part-house heating 
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Tables 11, 12 and 13 are the benefit-cost ratios of Levels 1 and 2 with thermal wall against 
Level 1 without thermal wall under electric heating, heat pump and gas heating. 
 
Please note there are two Level 1 options: Level 1 without thermal mass wall and Level 1 
with thermal mass wall. 
 
Table 11. Part-house heating – benefit-cost ratios of Levels 1 and 2 with thermal wall against 
Level 1 without thermal wall – under electric heating 

 
 
Table 12, Part-house heating – benefit-cost ratios of Levels 1 and 2 with thermal wall against 
Level 1 without thermal wall – under heat pump 

 
 
 

 

 

 

 

 

Part house heating with Thermal mass wall, benefit cost ratios
Electric Heater Insulation level

Region level1 level2
Northland -2.4 0.9
Auckland -2.7 0.9
Hamilton -3.3 1.7
Bay of Plenty -2.7 1.2
Rotorua -5.7 2.0
Taupo -1.9 -0.6
New Plymouth -2.0 1.2
East Coast/Napier -1.7 1.3
Wellington -2.6 1.3
Nelson/Marlborough -1.0 -0.3
West Coast -2.3 -0.7
Christchurch -2.4 -0.7
Central Otago -4.6 -1.2
Dunedin -4.4 -1.2
Invercargill -4.7 -1.3
Cromwell -4.5 -1.2

Part house heating with Thermal mass wall, benefit cost ratios
Heat Pump Insulation level

Region level1 level2
Northland -0.5 0.3
Auckland -0.8 0.2
Hamilton -0.6 0.6
Bay of Plenty -0.6 0.4
Rotorua -1.6 0.8
Taupo -0.5 -0.1
New Plymouth -0.5 0.4
East Coast/Napier -0.4 0.5
Wellington -0.7 0.5
Nelson/Marlborough -0.2 0.0
West Coast -0.6 -0.2
Christchurch -0.6 -0.2
Central Otago -1.4 -0.4
Dunedin -1.4 -0.4
Invercargill -1.5 -0.4
Cromwell -1.2 -0.3
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Table 13. Part-house heating – benefit-cost ratios of Levels 1 and 2 with thermal wall against 
Level 1 without thermal wall – under gas heating 

 
 
Under electrical heating 

 There are see cost-benefits at Level 2 only for Zone 2 regions. 

  Energy consumption rises up by 10-20% with the thermal wall when the house is heated 
in Heated Area 1. Therefore this makes the thermal wall not cost-beneficial if only 
heating part of the house. 

Under heat pump 

 There are no cost-benefits when heated with a heat pump.  

 Energy consumption rises up by 3-15% with the thermal wall when the house is heated 
in Heated Area 1. Therefore this makes the thermal wall not cost-beneficial if only 
heating part of the house. 

Under gas heating 

 Only Rotorua at Level 2 is cost-beneficial. 

 Energy consumption rises up by 10-20% with the thermal wall when the house is heated 
in Heated Area 1. Therefore this makes the thermal wall not cost-beneficial if only 
heating part of the house. 

In general 

 Apart from Rotorua, the thermal wall option is not cost-beneficial as energy consumption 
rises up by 3-20% with the thermal wall when the house is heated in Heated Area 1. 
Therefore this makes the thermal wall not cost-beneficial to install if only heating part of 
the house. The better option is not to have a thermal mass wall if heating part of the 
house.                                                                                                                                                 
3.3.2 Thermal mass wall when entire house (Heated Area 2) is heated 

 

Part house heating with Thermal mass wall, benefit cost ratios
Gas Heater Insulation level

Region level1 level2
Northland -1.3 0.5
Auckland -1.4 0.5
Hamilton -1.7 0.9
Bay of Plenty -1.4 0.6
Rotorua -3.0 1.0
Taupo -1.0 -0.3 
New Plymouth -1.0 0.6
East Coast/Napier -0.9 0.7
Wellington -1.3 0.7
Nelson/Marlborough -1.2 -0.4 
West Coast -2.8 -0.8 
Christchurch -2.9 -0.9 
Central Otago -5.1 -1.4 
Dunedin -4.9 -1.3 
Invercargill -5.2 -1.4 
Cromwell -5.0 -1.3 

Variable Options selected
House type(s) Medium
Schedule Eve21 for Non-heat pump. For Heat pump: Summer (Day19,Eve21)
Heated area 2
Themal Mass wall? Yes
Life cycle years 30
Discount rate 5%
Energy price escalation 1%
Orientation(s) North
Heater Electric, Heat pump, Gas
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Figure 6. Medium house with thermal mass wall – entire house heating 
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Tables 14, 15 and 16 are the benefit-cost ratios of all levels with thermal wall against Level 1 
without thermal wall, under electric heating, heat pump and gas.  
 
Please note there are two Level 1 options: Level 1 without thermal mass wall and Level 1 
with thermal mass wall. 

 
Table 14. Entire house heating – benefit-cost ratios of all levels with thermal wall against Level 
1 without thermal wall – under electric heating 

 
 
Table 15. Entire house heating – benefit-cost ratios of all levels with thermal wall against Level 
1 without thermal wall – under heat pump 

 
 

 

 

 

 

Entire house heating with Thermal mass wall, benefit cost ratios
Electric Heater Insulation level

Region level1 level2 level3 level4 level5
Northland 4.1 5.8 3.2 1.8 0.9
Auckland 4.6 6.2 3.4 1.9 0.97
Hamilton 7.0 9.7 5.3 3.0 1.5
Bay of Plenty 5.2 7.2 3.9 2.2 1.1
Rotorua 10.2 13.7 7.4 4.2 2.2
Taupo 3.4 1.5 0.8 0.5 n/a
New Plymouth 3.8 7.5 4.4 2.7 1.4
East Coast/Napier 3.8 7.5 4.4 2.7 1.4
Wellington 4.7 9.0 5.3 3.2 1.7
Nelson/Marlborough 0.7 0.3 0.2 0.2 n/a
West Coast 3.2 1.3 0.8 0.5 n/a
Christchurch 4.2 1.7 0.9 0.6 n/a
Central Otago 7.6 2.7 1.4 0.8 n/a
Dunedin 5.3 1.9 1.0 0.6 n/a
Invercargill 6.2 2.2 1.2 0.7 n/a
Cromwell 8.2 2.8 1.5 0.9 n/a

Entire house heating with Thermal mass wall, benefit cost ratios
Heat Pump Insulation level

Region level1 level2 level3 level4 level5
Northland 3.1 2.3 1.2 0.7 0.3
Auckland 3.1 2.4 1.3 0.7 0.4
Hamilton 4.1 3.7 2.0 1.1 0.6
Bay of Plenty 3.6 2.8 1.5 0.9 0.4
Rotorua 4.5 5.0 2.7 1.6 0.8
Taupo 1.8 0.7 0.4 0.2 n/a
New Plymouth 2.0 2.7 1.6 0.96 0.5
East Coast/Napier 2.3 2.9 1.7 1.0 0.5
Wellington 2.2 3.3 1.9 1.2 0.6
Nelson/Marlborough 1.2 0.4 0.2 0.1 n/a
West Coast 1.5 0.6 0.3 0.2 n/a
Christchurch 2.1 0.8 0.4 0.2 n/a
Central Otago 3.2 1.1 0.6 0.3 n/a
Dunedin 2.2 0.8 0.4 0.2 n/a
Invercargill 2.5 0.9 0.5 0.3 n/a
Cromwell 3.6 1.2 0.6 0.3 n/a
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Table 16. Entire house heating – benefit-cost ratios of all levels with thermal wall against Level 
1 without thermal wall – under gas heater 

 
 
Under electric heating 

 For Zone 1 regions, there are cost-benefits for all levels apart from Level 5 design 

 For Zone 2 regions, there are cost-benefits for all levels 

 For Zone 3 regions, there are cost-benefits at Levels 1 and 2, and some at Level 3 
(lower south Island only). Installing a thermal mass wall in Nelson/Marlborough is not 
cost-effective. 

 
Under heat pump 

 For Zone 1 regions, there are cost-benefits at Levels 1 to 3 

 For Zone 2 regions, there are cost-benefits at Levels 1 to 3 and some at Level 4 

 For Zone 3 regions, there are cost-benefits at Level 1 and some at Level 2.  
 
Under gas heating 

 For Zone 1 regions, there are cost-benefits at Levels 1 to 3 

 For Zone 2 regions, there are cost-benefits at Levels 1 to 4, Rotorua to Level 5 

 For Zone 3 regions, there are cost-benefits at Levels 1 and 2, and some at Level 3. Not 
cost-effective to install thermal mass wall in Nelson/Marlborough for all levels. 

 
In general 

 Energy consumption decreases by 5-16% with the thermal wall when the house is 
heated in Heated Area 2. Therefore this makes the thermal wall cost-effective only when 
heating the entire house. 

 

 

Entire house heating with Thermal mass wall, benefit cost ratios
Gas Heater Insulation level

Region level1 level2 level3 level4 level5
Northland 2.1 3.0 1.6 0.9 0.5
Auckland 2.4 3.2 1.7 0.998 0.5
Hamilton 3.6 5.0 2.7 1.6 0.8
Bay of Plenty 2.7 3.7 2.0 1.2 0.6
Rotorua 5.3 7.1 3.9 2.2 1.1
Taupo 1.7 0.8 0.4 0.3 n/a
New Plymouth 2.0 3.9 2.3 1.4 0.7
East Coast/Napier 2.0 3.9 2.3 1.4 0.7
Wellington 2.4 4.6 2.7 1.7 0.9
Nelson/Marlborough 0.9 0.4 0.3 0.2 n/a
West Coast 3.9 1.6 0.9 0.6 n/a
Christchurch 5.1 2.1 1.2 0.7 n/a
Central Otago 8.4 2.9 1.6 0.9 n/a
Dunedin 5.9 2.1 1.1 0.7 n/a
Invercargill 6.9 2.4 1.3 0.8 n/a
Cromwell 9.0 3.1 1.7 0.96 n/a
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3.4 Orientation 
What are the optimal/worst orientations by region of a house with electrical heating, heat 
pump or gas heating? Below is the medium house modelled. 
 

 
 
The results from the tables below show that for most regions, the optimal orientation lies in 
the quadrant of north to north-west, and the worst orientation in the east to south quadrant. 
Note: heat pump is utilised all year round, therefore has higher energy consumption than the 
other heater types. 
 
Table 17. Best and worst orientations – heat pump  

  

 

 

 

 

 

 

Variable Options selected
House type(s) Medium
Schedule Eve21 for Non-Heat pump types. For Heat pump: Summer (Day19,Eve21)
Heated area 1
Themal Mass wall? None
Life cycle years 30
Discount rate 5%
Energy price escalation 1%
Orientation(s) All 8
Heater Electric, Heat pump, Gas
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Table 18. Best and worst orientations – electric resistance heater 

  
 
Table 19. Best and worst orientations – gas heater 
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4. METHOD: PRESENT VALUE (PV) AND BENEFIT-COST RATIO 
The cost-benefit technique used in this study is used to convert all costs to the PV. This is 
based on the idea that $1 expenditure in the future costs less than the same expenditure 
now. Whereas in the second case $1 is needed now, in the first case a lesser amount can be 
VHW aVLGH QRZ WR HaUQ LQWHUHVW VR WKaW LW aPRXQWV WR $1 LQ ILYH \HaUV¶ WLPH. TKH aPRXQW WR VHW 
aside now is that which, when compounded at the appropriate interest rate (or discount rate), 
ZLOO H[aFWO\ HTXaO $1 LQ ILYH \HaUV¶ WLPH. 

 
The compound factor is given by: 

(1+r)5 = 1.611 for r=10%. 
Hence, the amount to be set aside now is only $1/1.611 = 62 cents. Or, in other words, an 
expenditure oI $1 LQ ILYH \HaUV¶ WLPH LV RQO\ ZRUWK 62 FHQWV LQ WRGa\¶V YaOXHV. 

 
In this study: 

Total PV = (Initial cost Insulation Level k) + (Initial cost thermal mass wall) + (PV heating 
appliance) + (PV energy at Insulation Level k) 

 
Where: 

 Initial cost thermal mass wall is zero if there is no wall built-in. The cost is a marginal cost 
i.e. the additional cost of the wall compared to a timber-framed wall. Refer to Section 
9.1.6: ³Thermal mass wall costs, rates, groupings´. 

 
 PV HHaWLQJ aSSOLaQFH = �H/(1 + U)h 

H is the cost of the heating appliance at year t=0 and allowing for replacement at year h. 
The life spans of the heating appliances are 15 years (electric heater and heat pump), 20 
years (night store and gas), and 30 years (solid fuel and pellets). 

 
 PV energy at Insulation Level k, heating appliance energy rate j  

 = C1/(1+r) + C2/(1+r)2 + C3/(1+r)3 + « + Cn/(1+r)n  
 for k = 1, 2, 3, 4, 5, and j = electric, heat pump, gas, night store, solid fuel, pellets. 
 C1, C2, C3 « + CN are space heating energy in yHaU 1, 2, 3 « N. For this study the energy 

costs are allowed to escalate at a rate of 1% per year above the rate of general inflation. 
Energy rates vary according to heating appliance utilised. Refer to Section 9.1.7: 
³Appliance costs, life of appliance, energy rates, and groupings´.  

 
r= discount rate. 
N = period of analysis, years. 
The base case parameters were: 
30 year analysis period. 
5% discount rate.  

 
The benefit-FRVW UaWLR aW N, M (³BCR N, M´) LV: 

1. (PV energy at Insulation Level 1) minus (PV energy at Insulation Level k) at heating 
appliance energy rate j , divided by 

2. (Insulation Level k) minus (Insulation Level 1) plus additional cost for thermal mass wall 
if applicable. 

 
In words, the BCR is the PV of energy cost savings divided by the additional insulation costs 
and additional thermal mass wall cost (which is zero if no wall) using Insulation Level 1 as 
base case. PV of heating appliance has no effect on the ratio, as the heater arrangement is 
the same in all insulation design levels. II ³BCR N, M´ LV JUHaWHU WKaQ 1.0, WKHQ IQVXOaWLRQ LHYHO 
k is more cost-EHQHILFLaO WKaQ IQVXOaWLRQ LHYHO 1. LLNHZLVH LI ³TRWaO PV aW LHYHO N, KHaWHU M´ LV 
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OHVV WKaQ ³TRWaO PV aW LHYHO 1, KHaWHU M´, WKHQ IQVXOaWLRQ LHYHO N LV PRUH FRVW-effective than 
Level 1. 

 

5. SENSITIVITY ANALYSIS  
5.1 Temperature change ² winter heating only 
What energy savings are to be gained when the heating thermostat over winter is changed? 
Winter heating (April to October) is scheduled is 5pm to 10pm. Figure 7 below shows energy 
savings range from 5-18% when the medium house is insulated at Level 1 and heated in part 
of the house at 21 C as opposed to 22 C. Heating the entire house gives similar results as 
found in Figure 8. 
 

  
Figure 7. Energy savings when heater set at 21 C against 22 C in Heated Area 1 

 

  
Figure 8. Energy savings when heater set at 21 C against 22 C in Heated Area 2 
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5.2 Financial factors 
What effect does changing the financial factors have when considering the cost-effectiveness 
of insulation options? A sensitivity analysis is performed on the base case medium house 
and financial factors (economic life of 30 years, money discount rate at 5% per annum, 
energy escalation at 3% per annum) with the economic scenarios: 
 

1. Discount rate at 3% per annum 
2. Discount rate at 7% per annum 
3. Economic analysis of 10 years 
4. Economic analysis of 50 years 
5. Energy escalation at 3% per annum 

 

 
 

  

Base case Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
House type(s) Medium Medium Medium Medium Medium Medium
Schedule Eve21 Eve21 Eve21 Eve21 Eve21 Eve21
Heated area 1 1 1 1 1 1
Themal Mass wall? None None None None None None
Life cycle years 30 30 30 10 50 30
Discount rate 5% 3% 7% 5% 5% 5%
Energy price escalation 1% 1% 1% 1% 1% 3%
Orientation(s) North North North North North North
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5.2.1 Electrical heater 

 

Part house heating, benefit cost ratios
Electric Heater

Base case Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
House type(s) Medium Medium Medium Medium Medium Medium
Schedule Eve21 Eve21 Eve21 Eve21 Eve21 Eve21
Heated area 1 1 1 1 1 1
Themal Mass wall? None None None None None None
Life cycle years 30 30 30 10 50 30
Discount rate 5% 3% 7% 5% 5% 5%
Energy price escalation 1% 1% 1% 1% 1% 3%
Orientation(s) North North North North North North
Northland level2 2.0 2.6 1.6 0.9 2.5 2.6

level3 0.9 1.2 0.7 0.4 1.2 1.2
level4 0.5 0.6 0.4 0.2 0.6 0.6
level5 0.3 0.3 0.2 0.1 0.3 0.3

Auckland level2 2.1 2.7 1.7 1.0 2.6 2.7
level3 1.0 1.2 0.8 0.5 1.2 1.3
level4 0.5 0.7 0.4 0.2 0.6 0.7
level5 0.3 0.3 0.2 0.1 0.3 0.3

Hamilton level2 3.2 4.2 2.6 1.5 4.0 4.2
level3 1.5 1.9 1.2 0.7 1.8 1.9
level4 0.8 1.0 0.6 0.4 1.0 1.0
level5 0.4 0.5 0.3 0.2 0.5 0.5

Bay of Plenty level2 2.4 3.1 1.9 1.1 3.0 3.1
level3 1.1 1.4 0.9 0.5 1.4 1.4
level4 0.6 0.8 0.5 0.3 0.7 0.8
level5 0.3 0.4 0.2 0.1 0.4 0.4

Rotorua level2 4.5 5.8 3.6 2.1 5.6 5.8
level3 2.1 2.7 1.6 1.0 2.6 2.7
level4 1.1 1.4 0.9 0.5 1.4 1.4
level5 0.6 0.7 0.4 0.3 0.7 0.7

Taupo level2 0.2 0.3 0.2 0.1 0.3 0.3
level3 0.2 0.2 0.1 0.1 0.2 0.2
level4 0.2 0.2 0.1 0.1 0.2 0.2

New Plymouth level2 3.1 4.0 2.5 1.4 3.8 4.0
level3 1.4 1.8 1.1 0.7 1.8 1.8
level4 0.8 1.0 0.6 0.4 1.0 1.0
level5 0.4 0.5 0.3 0.2 0.5 0.5

East Coast/Napier level2 3.1 4.0 2.4 1.4 3.8 4.0
level3 1.4 1.8 1.1 0.7 1.7 1.8
level4 0.8 1.0 0.6 0.4 0.9 1.0
level5 0.4 0.5 0.3 0.2 0.5 0.5

Wellington level2 3.6 4.6 2.9 1.7 4.5 4.7
level3 1.6 2.1 1.3 0.8 2.0 2.1
level4 0.9 1.2 0.7 0.4 1.1 1.2
level5 0.4 0.6 0.4 0.2 0.6 0.6

Nelson/Marlborough level2 0.1 0.1 0.0 0.0 0.1 0.1
level3 0.0 0.1 0.0 0.0 0.1 0.1
level4 0.1 0.1 0.0 0.0 0.1 0.1

West Coast level2 0.1 0.2 0.1 0.1 0.2 0.2
level3 0.1 0.1 0.1 0.1 0.1 0.1
level4 0.1 0.1 0.1 0.0 0.1 0.1

Christchurch level2 0.2 0.2 0.1 0.1 0.2 0.2
level3 0.1 0.2 0.1 0.1 0.2 0.2
level4 0.1 0.1 0.1 0.1 0.1 0.1

Central Otago level2 0.2 0.3 0.2 0.1 0.3 0.3
level3 0.2 0.2 0.1 0.1 0.2 0.2
level4 0.2 0.2 0.1 0.1 0.2 0.2

Dunedin level2 0.2 0.2 0.1 0.1 0.2 0.2
level3 0.1 0.2 0.1 0.1 0.2 0.2
level4 0.1 0.2 0.1 0.1 0.2 0.2

Invercargill level2 0.2 0.3 0.2 0.1 0.2 0.3
level3 0.2 0.2 0.1 0.1 0.2 0.2
level4 0.2 0.2 0.1 0.1 0.2 0.2

Cromwell level2 0.2 0.3 0.2 0.1 0.3 0.3
level3 0.2 0.2 0.1 0.1 0.2 0.2
level4 0.2 0.2 0.1 0.1 0.2 0.2
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5.2.2 Heat pump 

 

Part house heating, benefit cost ratios
Heat Pump

Base case Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
House type(s) Medium Medium Medium Medium Medium Medium
Schedule Eve21 Eve21 Eve21 Eve21 Eve21 Eve21
Heated area 1 1 1 1 1 1
Themal Mass wall? None None None None None None
Life cycle years 30 30 30 10 50 30
Discount rate 5% 3% 7% 5% 5% 5%
Energy price escalation 1% 1% 1% 1% 1% 3%
Orientation(s) North North North North North North
Northland level2 0.6 0.7 0.4 0.3 0.7 0.7

level3 0.3 0.3 0.2 0.1 0.3 0.3
level4 0.1 0.2 0.1 0.1 0.2 0.2
level5 0.1 0.1 0.1 0.0 0.1 0.1

Auckland level2 0.6 0.8 0.5 0.3 0.8 0.8
level3 0.3 0.4 0.2 0.1 0.4 0.4
level4 0.2 0.2 0.1 0.1 0.2 0.2
level5 0.1 0.1 0.1 0.0 0.1 0.1

Hamilton level2 1.0 1.3 0.8 0.5 1.2 1.3
level3 0.5 0.6 0.4 0.2 0.6 0.6
level4 0.2 0.3 0.2 0.1 0.3 0.3
level5 0.1 0.2 0.1 0.1 0.2 0.2

Bay of Plenty level2 0.7 0.9 0.6 0.3 0.9 0.9
level3 0.3 0.4 0.3 0.2 0.4 0.4
level4 0.2 0.2 0.1 0.1 0.2 0.2
level5 0.1 0.1 0.1 0.0 0.1 0.1

Rotorua level2 1.5 2.0 1.2 0.7 1.9 2.0
level3 0.7 0.9 0.6 0.3 0.9 0.9
level4 0.4 0.5 0.3 0.2 0.5 0.5
level5 0.2 0.2 0.2 0.1 0.2 0.2

Taupo level2 0.1 0.1 0.1 0.0 0.1 0.1
level3 0.1 0.1 0.0 0.0 0.1 0.1
level4 0.1 0.1 0.0 0.0 0.1 0.1

New Plymouth level2 1.0 1.2 0.8 0.5 1.2 1.3
level3 0.4 0.6 0.4 0.2 0.5 0.6
level4 0.2 0.3 0.2 0.1 0.3 0.3
level5 0.1 0.2 0.1 0.1 0.1 0.2

East Coast/Napier level2 1.0 1.3 0.8 0.5 1.2 1.3
level3 0.4 0.6 0.4 0.2 0.6 0.6
level4 0.2 0.3 0.2 0.1 0.3 0.3
level5 0.1 0.2 0.1 0.1 0.1 0.2

Wellington level2 1.2 1.5 0.9 0.5 1.4 1.5
level3 0.5 0.7 0.4 0.2 0.7 0.7
level4 0.3 0.4 0.2 0.1 0.4 0.4
level5 0.1 0.2 0.1 0.1 0.2 0.2

Nelson/Marlborough level2 0.0 0.0 0.0 0.0 0.0 0.0
level3 0.0 0.0 0.0 0.0 0.0 0.0
level4 0.0 0.0 0.0 0.0 0.0 0.0

West Coast level2 0.0 0.1 0.0 0.0 0.1 0.1
level3 0.0 0.1 0.0 0.0 0.0 0.1
level4 0.0 0.0 0.0 0.0 0.0 0.0

Christchurch level2 0.1 0.1 0.0 0.0 0.1 0.1
level3 0.0 0.1 0.0 0.0 0.1 0.1
level4 0.0 0.0 0.0 0.0 0.0 0.0

Central Otago level2 0.1 0.1 0.1 0.0 0.1 0.1
level3 0.1 0.1 0.0 0.0 0.1 0.1
level4 0.1 0.1 0.0 0.0 0.1 0.1

Dunedin level2 0.1 0.1 0.1 0.0 0.1 0.1
level3 0.1 0.1 0.0 0.0 0.1 0.1
level4 0.0 0.1 0.0 0.0 0.1 0.1

Invercargill level2 0.1 0.1 0.1 0.0 0.1 0.1
level3 0.1 0.1 0.0 0.0 0.1 0.1
level4 0.1 0.1 0.0 0.0 0.1 0.1

Cromwell level2 0.1 0.1 0.1 0.0 0.1 0.1
level3 0.1 0.1 0.0 0.0 0.1 0.1
level4 0.1 0.1 0.0 0.0 0.1 0.1
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5.2.3 Gas heating 

 

Part house heating, benefit cost ratios
Gas Heating

Base case Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
House type(s) Medium Medium Medium Medium Medium Medium
Schedule Eve21 Eve21 Eve21 Eve21 Eve21 Eve21
Heated area 1 1 1 1 1 1
Themal Mass wall? None None None None None None
Life cycle years 30 30 30 10 50 30
Discount rate 5% 3% 7% 5% 5% 5%
Energy price escalation 1% 1% 1% 1% 1% 3%
Orientation(s) North North North North North North
Northland level2 1.0 1.4 0.8 0.5 1.3 1.4

level3 0.5 0.6 0.4 0.2 0.6 0.6
level4 0.3 0.3 0.2 0.1 0.3 0.3
level5 0.1 0.2 0.1 0.1 0.2 0.2

Auckland level2 1.1 1.4 0.9 0.5 1.4 1.4
level3 0.5 0.6 0.4 0.2 0.6 0.7
level4 0.3 0.3 0.2 0.1 0.3 0.3
level5 0.1 0.2 0.1 0.1 0.2 0.2

Hamilton level2 1.7 2.2 1.3 0.8 2.1 2.2
level3 0.8 1.0 0.6 0.4 1.0 1.0
level4 0.4 0.5 0.3 0.2 0.5 0.5
level5 0.2 0.3 0.2 0.1 0.3 0.3

Bay of Plenty level2 1.3 1.6 1.0 0.6 1.6 1.6
level3 0.6 0.7 0.5 0.3 0.7 0.8
level4 0.3 0.4 0.2 0.1 0.4 0.4
level5 0.2 0.2 0.1 0.1 0.2 0.2

Rotorua level2 2.3 3.0 1.8 1.1 2.9 3.0
level3 1.1 1.4 0.8 0.5 1.3 1.4
level4 0.6 0.7 0.5 0.3 0.7 0.7
level5 0.3 0.4 0.2 0.1 0.4 0.4

Taupo level2 0.1 0.2 0.1 0.1 0.1 0.2
level3 0.1 0.1 0.1 0.0 0.1 0.1
level4 0.1 0.1 0.1 0.0 0.1 0.1

New Plymouth level2 1.6 2.1 1.3 0.7 2.0 2.1
level3 0.7 0.9 0.6 0.3 0.9 0.9
level4 0.4 0.5 0.3 0.2 0.5 0.5
level5 0.2 0.3 0.2 0.1 0.2 0.3

East Coast/Napier level2 1.6 2.0 1.3 0.7 2.0 2.1
level3 0.7 0.9 0.6 0.3 0.9 0.9
level4 0.4 0.5 0.3 0.2 0.5 0.5
level5 0.2 0.3 0.2 0.1 0.2 0.3

Wellington level2 1.9 2.4 1.5 0.9 2.3 2.4
level3 0.8 1.1 0.7 0.4 1.1 1.1
level4 0.5 0.6 0.4 0.2 0.6 0.6
level5 0.2 0.3 0.2 0.1 0.3 0.3

Nelson/Marlborough level2 0.1 0.1 0.1 0.0 0.1 0.1
level3 0.1 0.1 0.0 0.0 0.1 0.1
level4 0.1 0.1 0.1 0.0 0.1 0.1

West Coast level2 0.2 0.2 0.1 0.1 0.2 0.2
level3 0.1 0.2 0.1 0.1 0.2 0.2
level4 0.1 0.2 0.1 0.1 0.2 0.2

Christchurch level2 0.2 0.2 0.2 0.1 0.2 0.2
level3 0.2 0.2 0.1 0.1 0.2 0.2
level4 0.1 0.2 0.1 0.1 0.2 0.2

Central Otago level2 0.2 0.3 0.2 0.1 0.3 0.3
level3 0.2 0.2 0.2 0.1 0.2 0.3
level4 0.2 0.2 0.1 0.1 0.2 0.2

Dunedin level2 0.2 0.3 0.2 0.1 0.2 0.3
level3 0.2 0.2 0.1 0.1 0.2 0.2
level4 0.2 0.2 0.1 0.1 0.2 0.2

Invercargill level2 0.2 0.3 0.2 0.1 0.3 0.3
level3 0.2 0.2 0.1 0.1 0.2 0.2
level4 0.2 0.2 0.1 0.1 0.2 0.2

Cromwell level2 0.2 0.3 0.2 0.1 0.3 0.3
level3 0.2 0.3 0.2 0.1 0.2 0.3
level4 0.2 0.2 0.1 0.1 0.2 0.2
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6. HEATER EVALUATION UNDER LEVEL 1 ² MEDIUM HOUSE 
TKH µPRVW FRVW-EHQHILFLaO KHaWHUV¶ XQGHU HaFK UHJLRQ aUH KLJKOLJKWHG LQ SLQN ZLWK WKe 
ORZHVW WRWaO PV. TKH µOHaVW FRVW-EHQHILFLaO KHaWHUV¶ XQGHU HaFK UHJLRQ¶ aUH KLJKOLJKWHG LQ 
orange with the highest total PV. RefeU WR SHFWLRQ 4: ³MHWKRG: PUHVHQW VaOXH (PV) aQG 
Benefit-CRVW RaWLR´. 

 

6.1 Heater evaluation ² part-house heating 

 
 

6.2 Heater evaluation ² entire house heating 
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7. DISCUSSION AND CONCLUSIONS 
The three different house designs varied in energy consumption due to size, perimeter area, 
window sizes, size of living areas, and depth of living areas. The large-sized house had a 
much larger living area than the other two houses. 

 
Regional energy consumption varied according to climate zone. Zone 3 regions (lower South 
Island the coldest) used more energy than Zone 2 and Zone 1 regions. The exceptions were 
Nelson, which has similar energy patterns to Zone 1 regions, and Rotorua which is close to 
Taupo and is borderline Zone 3 but is excluded according to the Code. 
 
The main conclusions of the medium-house analyses: 

 EPS polystyrene insulation under concrete floor is the main energy savings contributor, 
and higher wall and ceiling insulation make minimal difference for this particular 
designed house. This explains why: without a thermal mass wall, Zone 1 and 2 regions 
(with its base case as Insulation Level 1, Zone 1 and 2, which is plain concrete slab) had 
cost-beneficial options above the base case; and how Zone 3 regions (with its base case 
as Insulation Level 1, Zone 3, which consists of EPS polystyrene perimeter insulation 
under the slab) had no cost-beneficial options above the base case. 

 
 Thermal mass walls are very cost-effective when the house is heated entirely, but not 

partly-heated. Partly-heated with this wall consumes more energy than without it, 
whereas entirely heated with this wall consumes less energy than without it. Also the 
marginal cost of the thermal mass wall was cost-effective, therefore not having too much 
effect on the total initial costs which are mainly insulation costs. 

 
 Of the main heating appliances, in Zone 1 and 2 electric heating gave the highest cost-

benefit ratios followed by gas and then heat pump. In Zone 3, gas heating gave highest 
cost-benefit ratios followed by electric heating and then heat pump. 

 

Part-house heating with thermal mass wall 

 Energy consumption rises up by 3-20% with the thermal wall when the house is heated 
in Heated Area 1. This can be explained due to the thermal mass requiring a certain 
amount of energy to heat it up. When heating only part of the house, the rear of the wall 
is facing onto cooler temperatures, thus leading to heat being lost out the back and 
cooling being transferred into the heated areas. This would not happen to the same 
degree with a hollow internal wall, as the air gap acts like insulation. The thermal wall is 
not cost-effective if only heating only part of the house. The better option is not to have a 
thermal mass wall if heating part of the house. 

 

Entire house heating with thermal mass wall 

 Energy consumption decreases by 5-16% with the thermal wall when the house is 
heated in Heated Area 2. The thermal wall acts as a temperature moderator. With high 
enough insulation, the thermal wall will maintain the temperatures of the spaces backing 
onto it, releasing the heat slowly when active heating is removed. This then reduces the 
size of the increase in temperature required to get it back up to temperature when 
heating is turned back on. Note that this may not be as effective if the heating is only 
done for short periods. The thermal wall is cost-effective if heating the entire house. 

 
The generally low cost-effectiveness of additional insulation in most locations is probably 
because 2007 Code changes to Clause H1 and insulation levels were forward looking. 
The changes at the time were designed to have favourable net benefits, assuming 
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energy prices continued to escalate above general inflation and that households would 
be looking to improve comfort levels. This in fact has occurred and Code requirements 
are now generally more cost-optimal with the 2007 insulation changes.  
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9. APPENDIX1:  ASSUMPTIONS, DESIGNS, PARAMETERS, REFERENCES 
 
9.1.1 SUNREL 
Sunrel is thermal modelling software utilised to generate theoretical heating and cooling 
energy consumption of a given model. It is an hour-by-hour simulation, and should not be 
expected to be entirely accurate nor reflective of reality due to being based on average 
weather files for a given region, assumptions and calculations. 

 

9.1.2 Climate Zones 

 
 
9.1.3 Basic house designs 
The table below shows the basic house design details of the three types of houses modelled 
at Level 1 (which is the base case designs). Insulation levels above minimum Code are a 
change in the wall and ceiling insulation thickness R-value. 
 

 

Regions Climate zone
Northland 1
Auckland 1
Hamilton 2
Bay of Plenty 2
Rotorua 2
Taupo 3
New Plymouth 2
East Coast/Napier 2
Wellington 2
Nelson/Marlborough 3
West Coast 3
Christchurch 3
Central Otago 3
Dunedin 3
Invercargill 3
Cromwell 3
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Number of heaters required in medium house for part-house heating arrangement 
Heated Area 1 

 
 
 
Number of heaters required in medium house for entire house heating arrangement 
Heated Area 2 

 
 
9.1.4 Inclusion of concrete thermal mass wall on the medium house details 
 Covers the interior walls inside the living room, starting from the sitting room outer wall 

continuing along through to the study room outer wall 
 Wall dimensions: length 16.7 m, height 2.4 m, 150 mm thick. 

 
9.1.5 Insulation costs, rates, groupings 
1. All costs and rates are GST exclusive. 
2. All wall and ceiling insulation $/sqm rates are Pink Batts Fibreglass from Rawlinsons 

(2008) excluding: 
 

i) wall batts R-2.4 ± this rate is estimated 
ii) ceiling batts R-4.6 ± this rate is estimated 
iii) polyurethane sheet from Foremans± one rate is applied to all 16 regions and is one-

third of the actual rate obtained from them due to expected economies of scale with 
increased usage. 

Rawlinsons has four main rates from the main centres of New Zealand. Regions have been 
arbitrarily partitioned into the following $/sqm rate groups: 

A. Auckland $/sqm Rawlinsons rate: Northland, Auckland, Hamilton, Bay of Plenty, 
Rotorua 

B. Wellington/Christchurch/Dunedin $/sqm Rawlinsons rate: Taupo, New Plymouth, 
East Coast/Napier, Wellington, Nelson/Marlborough, West Coast, Christchurch, 
Central Otago, Dunedin, Invercargill, Cromwell (note that Wellington, Christchurch 
and Dunedin rates were very similar and only differed by $0.25/sqm) 

Heated area 1 Small Large Medium
Part house # req # req # req
Elect 1 2 2
Night store 1 1 1
Solid fuel 1 1 1
Pellets 1 1 1
Gas 1 2 2
Heat pump 1 1 1

Heated area 2 Small Large Medium
Entire house # req # req # req
Elect 1 3 3
Night store 1 1 1
Solid fuel 1 1 1
Pellets 1 1 1
Gas 1 2 2
Heat pump 1 2 2
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3. Polystyrene floor insulation $/sqm rates are quotes from New Zealand builders. One rate 
is applied to all 16 regions. 
 

 
 
Insulation levels initial costs 
Insulation level options, Zone 1 & 2 
 

 
 
 
Insulation level options, Zone 3 
 

 
 

Insulation costs groups 

 

Insulation rates

Wall Auck Wgtn/ChCh/Dune
Batts 2.2 11.75 11.50
Batts 2.4 14.71 14.46
Batts 2.6 16.25 16.25
Batts 2.8 21.00 20.75
Polyurathene 4.5 51.84 51.59

Ceiling Auck Wgtn/ChCh/Dune
Batts 3.2 15.50 15.25
Batts 3.6 17.00 16.75
Batts 4.0 19.25 19.00
Batts 4.6 22.00 21.75
Batts 5.0 24.50 24.25

Floor Insul Auck Insul rate Insul rate
100mm full cover polystyrene 21.0 20.7
50mm full cover polystrene 13.0 12.7

Small Large Medium
Insulation level Auck Wgtn/ChCh/Dune Auck Wgtn/ChCh/Dune Auck Wgtn/ChCh/Dune
Level1 2,184$     2,145$                       5,798$             5,693$                       5,576$            5,475$                       
Level2 2,851$     2,804$                       7,331$             7,212$                       7,075$            6,959$                       
Level3 3,708$     3,665$                       9,172$             9,078$                       8,964$            8,870$                       
Level4 4,895$     4,821$                       12,630$          12,442$                     12,167$          11,987$                     
Level5 7,907$     7,833$                       21,020$          20,833$                     20,247$          20,066$                     

Zone 3 Small Large Medium
Insulation level Auck Wgtn/ChCh/Dune Auck Wgtn/ChCh/Dune Auck Wgtn/ChCh/Dune

Level1 2,851$                    2,804$                                   7,331$       7,212$                                  7,075$            6,959$                                     
Level2 3,708$                    3,665$                                   9,172$       9,078$                                  8,964$            8,870$                                     
Level3 4,895$                    4,821$                                   12,630$     12,442$                                12,167$          11,987$                                  
Level4 7,907$                    7,833$                                   21,020$     20,833$                                20,247$          20,066$                                  

Regions Insulation Costs group
Northland Auck
Auckland Auck
Hamilton Auck
Bay of Plenty Auck
Rotorua Auck
Taupo Wgtn/ChCh/Dune
New Plymouth Wgtn/ChCh/Dune
East Coast/Napier Wgtn/ChCh/Dune
Wellington Wgtn/ChCh/Dune
Nelson/Marlborough Wgtn/ChCh/Dune
West Coast Wgtn/ChCh/Dune
Christchurch Wgtn/ChCh/Dune
Central Otago Wgtn/ChCh/Dune
Dunedin Wgtn/ChCh/Dune
Invercargill Wgtn/ChCh/Dune
Cromwell Wgtn/ChCh/Dune
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9.1.6 Thermal mass wall costs, rates, groupings 
The extra costs for the inclusion of a thermal mass wall is calculated as the difference in 
$/sqm rates (Rawlinsons 2008) of the initial design of timber frame and the solid filled 
reinforced concrete block masonry wall. 
 
Extra costs for thermal mass wall of medium house 
 

 
 
Rawlinsons has four main rates from the main centres of New Zealand. Regions have 
been arbitrarily partitioned into the following $/sqm rate groups: 

A. Auckland $/sqm rate: Northland, Auckland, Hamilton, Bay of Plenty, Rotorua 
B. Wellington $/sqm rate: Taupo, New Plymouth, East Coast/Napier, Wellington  
C. Christchurch $/sqm rate: Nelson/Marlborough, West Coast, Christchurch  
D. Dunedin $/sqm rate: Central Otago, Dunedin, Invercargill, and Cromwell. 
 
 
Thermal mass wall costs groups 

 

 
9.1.7 Appliance costs, life of appliance, energy rates, and groupings 
Appliance costs are grouped either A or B of the table below. 

Medium House Thermal Mass Wall Timber Framing
thick 0.15 Vol m3 sqm thick 0.1 Vol m3 sqm
height 2.4 6.0 40.1 height 2.4 4.0 40.1
length 16.7 length 16.7

Rawlinsons
Auck Wgtn ChCh Dune

Hollow Conc blocks, p71 S4.3, sqm 145$                                    150$                           146$                                     145$                                
Interior Wall, p85 S10.1, sqm 129$                                    122$                           120$                                     124$                                

16$                                      28$                             26$                                       21$                                  
Difference (Extra cost for Mass Wall) 641$                                    1,122$                       1,042$                                 842$                                

Regions Thermal Wall costs group
Northland Auck
Auckland Auck
Hamilton Auck
Bay of Plenty Auck
Rotorua Auck
Taupo Wgtn
New Plymouth Wgtn
East Coast/Napier Wgtn
Wellington Wgtn
Nelson/Marlborough ChCh
West Coast ChCh
Christchurch ChCh
Central Otago Dun
Dunedin Dun
Invercargill Dun
Cromwell Dun
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Energy rates vary depending on which heating device is used. Energy $/kWh (kilowatt hours) 
rates are from Meridian Energy as at March 2009. 
 
Energy rates $/kWh 

 
 
Energy rates groups 

 
 
Gas rates are higher in the South Island than the North Island because the former is LPG, 
while the latter is natural gas. 

Initial appliance costs
Regions Elect Nitestor Solid fuel Pellets Gas Heat pump Group
Northland 450$           1,000$        2,500$             4,000$                    2,600$     3,000$                       A
Auckland 450$           1,000$        2,500$             4,000$                    2,600$     3,000$                       A
Hamilton 450$           1,000$        2,500$             4,000$                    2,600$     3,000$                       A
Bay of Plenty 450$           1,000$        2,500$             4,000$                    2,600$     3,000$                       A
Rotorua 450$           1,000$        2,500$             4,000$                    2,600$     3,000$                       A
Taupo 450$           1,000$        2,500$             4,000$                    2,600$     3,000$                       A
New Plymouth 450$           1,000$        2,500$             4,000$                    2,600$     3,000$                       A
East Coast/Napier 450$           1,000$        2,500$             4,000$                    2,600$     3,000$                       A
Wellington 450$           1,000$        2,500$             4,000$                    2,600$     3,000$                       A
Nelson/Marlborough 450$           1,000$        2,500$             4,000$                    2,600$     3,000$                       A
West Coast 450$           1,000$        2,500$             4,000$                    2,600$     3,000$                       A
Christchurch 450$           1,000$        2,500$             4,000$                    2,600$     3,000$                       A
Central Otago 600$           1,500$        3,000$             5,000$                    3,500$     4,000$                       B
Dunedin 600$           1,500$        3,000$             5,000$                    3,500$     4,000$                       B
Invercargill 600$           1,500$        3,000$             5,000$                    3,500$     4,000$                       B
Cromwell 600$           1,500$        3,000$             5,000$                    3,500$     4,000$                       B
life years 15 20 30 30 20 15

energy costs $/kWh
Regions Elect Nitestor Solid fuel Pellets Gas Heat pump
Northland 0.19$          0.13$           0.10$               0.09$                      0.10$       0.07$                          
Auckland 0.19$          0.13$           0.10$               0.09$                      0.10$       0.07$                          
Hamilton 0.19$          0.13$           0.10$               0.09$                      0.10$       0.07$                          
Bay of Plenty 0.19$          0.13$           0.10$               0.09$                      0.10$       0.07$                          
Rotorua 0.19$          0.13$           0.10$               0.09$                      0.10$       0.07$                          
Taupo 0.19$          0.13$           0.10$               0.09$                      0.10$       0.07$                          
New Plymouth 0.19$          0.13$           0.10$               0.09$                      0.10$       0.07$                          
East Coast/Napier 0.19$          0.13$           0.10$               0.09$                      0.10$       0.07$                          
Wellington 0.19$          0.13$           0.10$               0.09$                      0.10$       0.07$                          
Nelson/Marlborough 0.18$          0.12$           0.10$               0.09$                      0.22$       0.06$                          
West Coast 0.18$          0.12$           0.10$               0.09$                      0.22$       0.06$                          
Christchurch 0.18$          0.12$           0.10$               0.09$                      0.22$       0.06$                          
Central Otago 0.20$          0.14$           0.10$               0.09$                      0.22$       0.07$                          
Dunedin 0.20$          0.14$           0.10$               0.09$                      0.22$       0.07$                          
Invercargill 0.20$          0.14$           0.10$               0.09$                      0.22$       0.07$                          
Cromwell 0.20$          0.14$           0.10$               0.09$                      0.22$       0.07$                          

Rates groupings
Regions Elect Nitestor Solid fuel Pellets Gas Heat pump
Northland E1 N1 S1 P1 G1 H1
Auckland E1 N1 S1 P1 G1 H1
Hamilton E1 N1 S1 P1 G1 H1
Bay of Plenty E1 N1 S1 P1 G1 H1
Rotorua E1 N1 S1 P1 G1 H1
Taupo E1 N1 S1 P1 G1 H1
New Plymouth E1 N1 S1 P1 G1 H1
East Coast/Napier E1 N1 S1 P1 G1 H1
Wellington E1 N1 S1 P1 G1 H1
Nelson/Marlborough E2 N2 S1 P1 G2 H2
West Coast E2 N2 S1 P1 G2 H2
Christchurch E2 N2 S1 P1 G2 H2
Central Otago E3 N3 S1 P1 G2 H3
Dunedin E3 N3 S1 P1 G2 H3
Invercargill E3 N3 S1 P1 G2 H3
Cromwell E3 N3 S1 P1 G2 H3
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10. APPENDIX 2: FINANCIAL ANALYSIS OF ALL SCENARIOS, PART-HOUSE 
HEATING AND ENTIRE HOUSE HEATING WITH AND WITHOUT THERMAL MASS 
WALL 
This section includes detailed results (benefit-cost ratios, Present Values (PVs), Net Present 
Values (NPV), energy KWh per year, number of heaters required, PV heaters including 
replacement, PV energy, insulation cost, thermal wall cost if applicable) of all scenarios. All 
three houses were included for part-house heating Heated Area 1 without thermal mass wall. 
Only the medium house was analysed for the other scenarios. Only the three main heaters 
(electric, heat pump, gas) were analysed when medium house is with thermal mass wall. 
 

Under each table, explanations are given for: 

1. Benefit-cost ratio = [PV energy savings] : [additional insulation + additional thermal wall 
(if included)], using Insulation Level 1 without thermal wall as the base case 

2. Total Present Value = PV heater including replacements + PV energy + insulation cost + 
thermal wall extra cost 

3. NPV is for Insulation Level 1 (without thermal wall) as base case 

4. If heat pump, summer cooling energy consumption is included 

5. PV of energy costs is over an analysis period of 30 years 

6. Insulation cost = cost of floor type + wall insulation type + ceiling insulation type 

7. Extra cost of thermal mass wall compared with timber wall. 

  

10.1 Part-house heating Heated Area 1 results ² all three different-sized house 
types ² under all heater types 
 

 
 

 

 

 

 

 

 

Variable Options selected
House type(s) Small, Medium, Large
Schedule Eve21 for all heaters apart from heat pump. For Heat pump: Summer (Day19,Eve21)
Heated area 1
Themal Mass wall? None
Life cycle years 30
Discount rate 5%
Energy price escalation 1%
Orientation(s) North
Heater Electric, Nitestor, Gas, Pellets, Solid fuel, Heat pump
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10.1.1 Small House ² Electric resistance 

 



 

40 

10.1.2 Small House ² Heat Pump 
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10.1.3 Small House ² Gas 
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10.1.4 Medium House ² Electric resistance 
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10.1.5 Medium House ² Heat Pump 
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10.1.6 Medium House ² Gas 
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10.1.7 Medium House ² Night store 
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10.1.8 Medium House ² Solid Fuel 

 



 

47 

10.1.9 Medium House ² Pellets 
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10.1.10 Large House ² Electric resistance 
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10.1.11 Large House ² Heat Pump 
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10.1.12 Large House ² Gas 
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10.2 EQWiUe hRXVe heaWiQg ´HeaWed AUea 2µ UeVXOWV, Medium house, under all 
heater types 

 
 
 
 
 
 
 
 
  

Variable Options selected
House type(s) Medium
Schedule Eve21 for Non-heat pump. For Heat pump: Summer (Day19,Eve21)
Heated area 2
Themal Mass wall? None
Life cycle years 30
Discount rate 5%
Energy price escalation 1%
Orientation(s) North
Heater Electric, Nitestor, Gas, Pellets, Solid fuel, Heat pump
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10.2.1 Medium House ² Electric resistance 
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10.2.2 Medium House ² Heat Pump 
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10.2.3 Medium House ² Gas 
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10.2.4 Medium House ² Night store 
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10.2.5 Medium House ² Solid Fuel 
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10.2.6 Medium House ² Pellets 
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10.3 PaUW hRXVe heaWiQg ´HeaWed AUea 1µ UeVXOWV, Medium house with Thermal 
mass wall, under Electric heating, Heat Pump, Gas 

 
  

Variable Options selected
House type(s) Medium
Schedule Eve21 for Non-heat pump. For Heat pump: Summer (Day19,Eve21)
Heated area 1
Themal Mass wall? Yes
Life cycle years 30
Discount rate 5%
Energy price escalation 1%
Orientation(s) North
Heater Electric, Heat pump, Gas



 

59 

10.3.1 Medium House with Thermal mass wall ² Electric resistance 
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10.3.2 Medium House with Thermal mass wall ² Heat Pump 

 



 

61 

10.3.3 Medium House with Thermal mass wall ² Gas 

 



 

62 

 

10.4 EQWiUe hRXVe heaWiQg ´HeaWed AUea 2µ UeVXOWV, Medium house with Thermal 
mass wall, under Electric heating, Heat Pump, Gas 

 
 

Variable Options selected
House type(s) Medium
Schedule Eve21 for Non-heat pump. For Heat pump: Summer (Day19,Eve21)
Heated area 2
Themal Mass wall? Yes
Life cycle years 30
Discount rate 5%
Energy price escalation 1%
Orientation(s) North
Heater Electric, Heat pump, Gas
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10.4.1 Medium House with Thermal mass wall ² Electric resistance 
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10.4.2 Medium House with Thermal mass wall ² Heat Pump 
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10.4.3 Medium House with Thermal mass wall ² Gas 

 


