
The Carbon Footprint of Increased Home Insulation 
Levels in New Zealand 

 

Jovan Andric1, Roger Birchmore2  

1
Arrow International, Christchurch, New Zealand 

2
Unitec Institute of Technology, Auckland, New Zealand 

 

 

ABSTRACT: As an energy saving measure, part of an integrated response to mitigate climate change, 
the New Zealand Government raised the legal minimum requirements for the thermal performance of 
new homes. A carbon footprint provides a means to quantify the effect this action has had to reduce the 
impact our new homes have on the environment. To date however, no study in New Zealand has been 
published to ascertain the carbon footprint of this change. An investigation was made to quantify the 
additional embodied energy required to meet the new standard, and the resulting savings in electrical 
home space heating energy use. A desk top case study method was employed. A standard timber 
framed, three bedroom house design complying with the new thermal insulation standard was compared 
to the same design complying with the old standard over an operational life of 50 years. The test was 
conducted in New Zealand’s three climate zones with the aid of the ALF computer programme. 

The heating schedule employed within the home proved to be the most influential factor to both the 
carbon footprint size and the rate of environmental/carbon payback. The study showed that carbon 
payback for the increase in embodied energy could not be reached through heat energy savings within 
the 50 year operational life of the building, if a typical intermittent heating schedule was used powered 
through electricity generated by all renewable energy sources. 

Conference theme: Construction, materials and technology  
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INTRODUCTION 

In 2007 changes to Clause H1, the Energy Efficiency section of the New Zealand Building Code increased minimum 
levels of insulation in residential properties. These increases included raising minimum R levels of windows to require 
double glazing. The Department of Building and Housing’s website Quick Guide (2012) cites the reasoning behind this. 

 These changes will mean that homes will be warmer, healthier and less expensive to heat. The cost 
savings in reduced energy use are significant and will pay for any additional construction cost over time.  

These increases are also referred to in New Zealand’s Energy Efficiency and Conservation Strategy (2012), which in 
turn is quoted as a policy to help meet the commitments under the Kyoto Protocol (2010). New Zealand’s greenhouse 
gas emissions targets are measured in tonnes of carbon dioxide equivalents (CO2-e) and a carbon footprint is a term 
used to measure the impact of a building or a material’s embodied energy on these emissions. Whilst there appears to 
be ample evidence in to support the aims of being warmer, healthier and easier to heat, no New Zealand study has 
been published quantifying the net embodied energy or carbon footprint of the legislated changes. McLeod & Fay 
(2010) undertook a study exploring the cost effectiveness of improvements intended to save CO2-e, based on a 
Tasmanian house. Nearly 12% of the country’s energy is consumed in the residential sector (The New Zealand Energy 
Data File, 2011). This constitutes 33% of the electrical energy generation, 10 % of the natural gas generation and   3 % 
of the coal generation. A portion of this again is directly linked to home heating. Whilst reductions in consumption may 
have a small effect on the achievement of the Kyoto Protocol targets overall, the New Zealand Energy Greenhouse 
Gas Emissions document (2011) indicates that Energy sector emissions are still 31% above the target 1990 levels. Any 
unintended increases carbon output increases will make achievement of New Zealand’s targets more difficult. 

1. METHODOLOGY 

1.1. Overall Approach 

A standard timber framed three bedroom house design complying with the new thermal insulation standard was 
compared to the same design complying with the old standard, over an operational life of 50 years. The investigation 
was conducted in New Zealand’s three climate zones and particularly the three largest centres of population. The 
research employed a desk top study approach to calculate the embodied energy in tonnes of CO2-e of the increased 
insulation materials required for a house designed to meet post 2007 standards. The reduction in tonnes of CO2e 
associated with the reduced running costs was then calculated. The two parameters were then summed to provide the 
carbon footprint. 
 



1.2. House Design 
This was based on those constructed by Unitec’s Building Technology students and is illustrated in Figure 1. The 

house is single storied with three bedrooms and two bathrooms, using standard construction materials and techniques. 
These houses are similar in design and construction to thousands of houses already occupied across New Zealand, 
and thus provides an ideal basis for examining the potential for improvements to a common housing type. It is also 
designed to comply with the criteria of the schedule method of NZS 4218:2009 (New Zealand Standard, 2009) by 
having a glazed area of less than 30% of the total wall area, and less than 30% glazing to the east, south and west 
walls. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure1: Housing Design 

 

Table 1: Timber framed house insulation levels 

Climate 
Zone 

Element Total Construction 
R- values Pre 

2007 

m
2 

K/W 

Insulation R value 
to achieve 

Construction R- 
values 

Total Construction 
R- values Post 

2007 

m
2 

K/W 

Insulation R value 
to achieve 

Construction R- 
values 

1&2 Roof 1.9 1.7 2.9 3.0 

 Walls 1.5 1.2 1.9 1.8 

 Glazing n\a n/a 0.26 Double glazed 
aluminium frame 

 Floor 1.3 Draped foil 1.3 Draped foil 

3 Roof 2.5 2.5 3.3 3.5 

 Walls 1.9 1.8 2.0 2.0 

 Glazing n\a n\a 0.26 Double glazed 
aluminium frame 

 Floor 1.3 Draped foil 1.3 Draped foil 

 

1.3. Insulation Levels  

Table 1 indicates the R values of insulation required to achieve the Construction R values as stated in the Standards. 
Zone 1 & 2 cover the north and the south of New Zealand’s North Island. Zone 3 equates to the south island and the 
mountainous section of the central North Island. R value increases in opaque elements are highest in the roof 
increasing between 1 m

2 
K/W for zone 1 & 2 and 0.8 m

2 
K/W for Zone 3. Values for the floor have not changed in any 

of the zones. Minimum requirements for glazing are introduced, being the same for all three zones and combine with 
existing limitations in the percentage of wall and roof areas that may be glazed. Overall, the increases for Zone 3 are 



from a more stringent base initially and are therefore lower, proportionally, than those for Zones 1&2. Minimum 
Construction R values were calculated using the Annual Loss Factor program (ALF 3.2 2012). ALF is a thermal design 
guide developed for New Zealand houses and provided online by the Building Research Association of New Zealand. 
In some instances the other construction materials used added positively to the insulation R value and in others they 
acted negatively as a thermal bridge. The glazing R value of 0.26 m

2 
K/W required in the latest standards requires the 

provision insulated glazing units (IGUs). 

1.4. Carbon Calculations 

The carbon footprint of the increase in home insulation levels is the measurable environmental impact of the change. 
This takes into account the whole life of the material concerned, by means of a Life Cycle Assessment  

In order to establish the carbon footprint of the materials, it was necessary to know the material’s CO2 kg equivalent. It 
was important that this data was applicable to New Zealand products as a review of overseas literature revealed a wide 
data range on materials due to localised factors such as source of electricity, method of production and transport 
distances. It was also important that the data was current as this field is relatively new and evolutionary, so recent data 
was more reliable. Updated statistics on many New Zealand building materials are now publicly available, including all 
those involved in this research. This is cradle to gate data, whereby the limit of the analysis is the factory gate, with all 
inputs accounted for upstream of that point (Alcorn, 2003, p. 8). Alcorn has built on previous studies of embodied 
energy (Alcorn & Wood, 1998; Baird et al., 1997) to derive a method to establish embodied energy and CO₂ emission 

coefficients for NZ building materials using a hybrid mix of industry and statistical data. The final embodied energy 
coefficient for a material is expressed as MJ/kg or MJ/m³. The final CO₂ emission coefficient is expressed in g/kg or 
g/m³. Alcorn’s data (2003) for fibreglass insulation, window glass and aluminium window frames are used in this study. 
In light of other studies, such as Nielsen (2008), it is anticipated that the energy expended in the delivery, installation, 
maintenance and end of life disposal or recycling of the thermal material would differ little because of the increase in R 
values required by the latest New Zealand standards. The impact of this embodied energy on the overall carbon 
footprint would be minimal. For this reason no allowance has been made to attribute extra embodied energy to the 
design to account for the operational and end of life stages of the extra thermal material.  

1.4.1 Roof and Wall Insulation  

The insulation calculations were based upon glass fibre batts. The major manufacturer of this product is cited as having 
three quarters of New Zealand’s home insulation market (Lim 2009). When a minimum required R-value was not 
attributed to a product available on the market, an assumed weight was calculated by extrapolating from the known 
weights of existing products. This was done to ensure that only the bare material increase between the old and new 
insulation standards was measured in order to obtain accurate data for the carbon footprint calculations. In reality, only 
commercially available products would be installed in a house, so R-values and therefore carbon values could be 
slightly higher even if only installing to the minimum requirements. The weight was converted into its carbon equivalent 
using the carbon coefficient for glass fibre insulation provided by Alcorn (2003).  

1.4.2 Windows 

The insulated glazing units involved in this study were double glazed with a 12mm air space between two 4mm thick 
panes set in thermally unbroken 35mm aluminum frames. Data for this window type was available as it used by 
Kellenburger and Perez (2008) for their windows calculator. The R-value  of this type of glazing is R 0.26 (Jaques & 
Sheridan, 2006) This basic IGU type meets the minimum standard required to be set in a frame of similar material 
composition to that of single glazed windows. No extra aluminium is therefore accorded to the frames. Aluminium 
spacers that separated the panes were included due their manufacture from virgin as opposed to recycled aluminum. 
Following Kellenberger & Perez’s approach (2008) the secondary seals and molecular desiccant to absorb any trapped 
moisture were omitted due to their minimal contribution. 

1.4.3 Heating Energy 

The CO2 coefficient used for the domestic electrical energy consumed is 0.14 kg CO2/kWh. This is the average CO2 
emission rating (carbon dioxide only) for domestic energy generated in New Zealand over the past two years as 
provided by the Ministry of Development’s Electricity Generation and Emissions June Quarterly (2011). 

1.4.4 Carbon Footprint 

Usually, the carbon footprint is a term for carbon dioxide or other greenhouse gas emissions and is expressed in CO2 
equivalents (CO2-e). The carbon footprint is defined by Weidmann & Minx, (2008, p.6) as: 

A measure of the exclusive total amount of carbon dioxide emissions that is directly and indirectly 
caused by an activity or is accumulated over the life stages of a product. 

The carbon footprint was calculated for over a 50 year period, which the estimated operational life for the design. 
Modern light timber framed buildings in New Zealand are designed and built for an operational life of 50 years. After 
this time it is expected that the building will require replacement or a sizable investment of additional embodied energy 
to maintain an acceptable standard of condition. Two carbon footprints were produced for each zone, one for each 
heating schedule. Figures do not account for end of life recycling or disposal of thermal materials. 



1.5 Heating Energy Calculation 

The ALF software calculates the heating energy consumed by a house design as it would perform under the general 
climatic conditions at its given location, including the selected level of wind exposure. The designs cover the three New 
Zealand climatic zones as stipulated by NZS 4218 (New Zealand Standard, 2009). The new house design meets the 
minimum thermal requirements of the new standard. All other design parameters based on the old minimum standard 
are unchanged. 

The calculations were based on two different heating schedules. Heating schedule 1 (HS1) is 24 hour heating to 20°C, 
over the annual winter heating period. Heating schedule 2 (HS2) is evening heating only between 5pm and 11pm to 
16°C, over the annual winter heating period. These heating schedules represent the optimum indoor temperature 
range recommended by the New Zealand building code Building Performance Index requirement (HS1), and that most 
representative of actual heating practice in New Zealand homes (HS2) (Isaacs et al., 2010).  

The difference between the old and new designs in space heating energy consumption per annum for both heating 
schedules is calculated over a 50 year operational life and given in MJ. This is then converted to kg CO2-e. The sum of 
the CO2-e for both the increase in embodied energy and the resulting decrease in energy consumption is the carbon 
footprint of the increased insulation levels. The operational space heating energy calculations were based on an all-
electric set-up using 100% efficient heaters. The ALF software did not allow for other heat energy sources such as 
solid fuel burners and electrical heat pumps which are also common in New Zealand homes and may be more energy 
efficient than electrical radiant and convection heaters.  

 

2. FINDINGS 

2.1 Carbon Footprint Results 

The table below indicates that the increases in embodied energy and therefore carbon equivalents are dominated by 
the additional materials associated with the IGUs and are therefore similar across all three zones. The insulation 
increase for Zone 3 is lower than for other zones due to the relatively higher R levels demanded by the 2004 version of 
the standard. 

 

New Design Zone 1  MJ kg CO₂-e 

Insulation increase 2485.32 59.67 

Windows increase 15774.01 929.266 

Total increase 18259.33 988.936 

New Design Zone 2     

Insulation increase 2485.32 59.67 

Windows increase 15774.01 929.266 

Total increase 18259.33 988.936 

New Design Zone 3   

Insulation increase 1484.46 35.64 

Windows increase 15774.01 929.266 

Total increase 17258.47 964.906 

Table 2: Summary of Carbon Increases 

 

2.2 Heating Energy Results  

 

The heating energy results indicate that the savings associated with the increased levels of insulation are around 30% 
for all zones. As expected the savings are higher in the colder zones and under the 24hr hour heating schedule (HS1). 
The savings of heating energy and also carbon equivalents under the heating schedule typical to New Zealanders 
behaviour (HS2) are approximately 16% of those under HS1. 

 



 

 

Zone 

 

Design 

Heating Schedule 1: 24hr @ 20deg Heating Schedule 2: Evening only @ 16deg 

kWh/50yr life kgCO2eq/50yr life kWh/50yr life kgCO2eq/50yr life 

 

1 

Old  291419.5 40798.73 31581.5 4421.41 

New  197875.5 27702.57 17961.5 2514.61 

Saving 93544 13096.16 13620 1906.8 

 

2 

Old  571927.5 80069.85 88618.5 12406.59 

New  393843 55138.7 59278.5 8299 

Saving 178079.5 24931.13 29340 4107.6 

 

3 

Old  638134 89338.76 101518.5 14212.59 

New  461575.5 64620.57 72624.5 10167.43 

Saving 176558.5 24718.19 28894 4045.16 

Table 3: Summary of Carbon Savings 

2.3 Carbon footprint 

The carbon footprint was calculated by summing the savings due to reduced running costs, with the increases 
associated with insulation improvements for each zone and heating schedule. Figure 2 below shows that in all 
instances the carbon footprint reduces as a result of the changes. It does show however that the savings are highly 
dependent upon the heating schedule employed in the house with the savings for the typical heating schedule  
according to Isaacs et al (2010) being 8% and 14 % of the 24hr, 20

o
C schedule across all three zones. The savings in 

Zone 3 are similar to those in zone 2. Whilst the increased heating required in this zone suggests the savings should 
be higher, this is balanced by the improvements over the base for zone three have been smaller than those in zone 
1&2 

 

 

Figure 2: Carbon Foot prints 

 

2.4 Carbon Payback and Sensitivity Results 

Carbon paybacks were calculated for the two heating schedules and ranged from 1 year for a 24hr heating schedule in 
the coldest zone 3 to 27 years in for the intermittent heating schedule in the warmest zone 1. This is a wide range 



spanning from a 1 year scenario which is easily justifiable, to a 27 year scenario which is over half the design life of a 
building. It was decided to undertake a sensitivity analysis to examine the impact of the carbon used to generate the 
electricity used to heat the building. 

In New Zealand all electricity generated, regardless of its source, goes to a central pool and is dispatched through the 
transmission grid to retailers. Therefore the carbon emission from electricity generation is a cumulative value from all 
sources which is assessed quarterly. 

An analysis was conducted to ascertain the carbon payback sensitivity to radical changes in emissions from electricity 
generation. The standing average of 0.14kg CO₂/kWh was compared to an increase in electricity generation using non-

renewable energy sources such as natural gas, coal and oil, and to all renewable energy sources where the non-
renewable portion of current generation was replaced by hydro, wind and biogas electricity generation. A 50% increase 
in electricity generation using non-renewable sources gave 0.21kg CO₂/kWh. When non-renewable sources were 

replaced with renewable sources 0.023kg CO₂/kWh was achieved. The bulk of these emissions came from existing 
electricity production using renewable geothermal energy.  

The results of carbon payback sensitivity analysis for the coldest zone 3, is displayed in the following graph Figure 3. 
Due to the highest consumption of energy over the 50 year period and the lowest increase in insulation standards 
albeit it marginally lower, this scenario should show the most positive outcomes. The solid horizontal line shows the 
carbon associated with the insulation increases and remains constant over the 50 year period. The gradients of the 
other lines indicate the carbon savings due to the reduced running costs. The steeper the gradient the larger the saving 
achieved. As expected the 24hr heating schedule demonstrates the shortest payback for its location. The graph lines 
for HS2; 0.14CO2-e and HS1; 0.023CO2-e, coincide and are not separately visible. 

The speed of carbon payback using electricity generated from all renewable sources declined markedly. Under HS1 
payback took four to six times longer than the standing average time. Under HS2 payback took about six times longer 
in all zones, and all zones failed to reach carbon payback within their 50 year operational life as indicated by the solid 
light grey line failing to rise to the level of the solid horizontal in the 50 year period. In the warmest zone 1, payback for 
this condition was not reached until Year 156. This was more than three times longer than the operational life of the 
design.  

 

Figure 3: Carbon Payback Sensitivity 

CONCLUSION 

The results show that the legislated increases in insulation levels do result in a net carbon footprint reduction over a 50 
year life of a building in all three climatic zones explored. However, the actual heating schedule employed in the house 
is highly influential on this and the typical schedule reveals only small overall reductions in New Zealand’s warmest 
zone, Zone1. 



Using current averaged carbon values for electricity generation, the time taken to payback varies between 2 years 
and four years for HS1 across the zones and between 12 years and 26 years for HS2. Further reductions in the 
carbon content of the electricity supply extend the payback further and reduce the contribution of this initiative to 
reducing the overall carbon output of the country. In the latter example the changes would actually contribute to 
carbon output increase for 50 to 150 years in Christchurch and Auckland respectively. 

This research has focused on the impact of insulation increases on heating energy and the associated impacts on the 
environment. Whilst results clearly indicate that the changes can achieve the aims of being cheaper to heat, 
contribution to carbon reduction targets is less certain. The energy consumption reduction figures produced by the ALF 
software could be considered liberal and predict slightly larger benefits of the improvements than might actually be the 
case. Whilst heat gains from occupants are considered by ALF they do not take into account heat gains from lighting 
and other electrical appliances that might reduce heating energy demands. Also they do not account for the use of 
curtains which is common in New Zealand in winter and which would further reduce losses and energy consumption. 
Statistics New Zealand (2012) indicates that since 2010 the residential building consents issued for the Auckland 
region are the largest in the country and close to those issued in both Canterbury and Wellington combined. This 
growth is in Zone 1 which demonstrates the lowest level of improvements and the longest carbon paybacks. In addition 
the New Zealand Housing report 2009/2010(2010) identified that the level of new housing construction was 
approximately 15,500 per year. It also indicated that this would need to increase to prevent a shortfall of over 90,000 
developing over the next 20 years.This indicates that the current levels of insulation are at maximum level when 
considering the impact on the New Zealand’s commitment to the Kyoto Protocol. Any future increases that may be 
considered should clearly demonstrate their contribution to a reduction in carbon output not just a reduction in energy 
consumption. Future research also needs to provide hard evidence into the real, positive impact of insulation increases 
on the nation’s health. 

REFERENCES 

Alcorn, A. (2003) Embodied energy and CO2 coefficients for NZ building materials. Centre for Building Performance 
Research. Wellington. 

 

Alcorn, A., & Wood, P. (1998) New Zealand building materials embodied energy coefficients database. Centre for 
Building Performance Research. Wellington. 

 

ALF 3.2 (2012) Retrieved from http://alf.branz.co.nz/ 
 

Baird, G., Alcorn, A., & Haslam, P. (1997) The energy embodied in building materials –  

 

updated. New Zealand coefficients and their significance. IPENZ Transactions, 24(1/CE), 46-54.  

Electricity generation and emissions in New Zealand. New Zealand Energy Quarterly June 2011, June 2011. (2011) 
Retrieved from http://www.med.govt.nz/upload/78104/NewZealandEnergyQuarterlyJune2011.pdf 

 

Isaacs, N. P., Camilleri, M., Burrough, L., Pollard, A. R., Saville-Smith, K., Fraser, R., Jowett, J. (2010) Energy use in 
New Zealand households: Final report on the household energy end-use project (HEEP). Building Research 
Association of New Zealand. Porirua. 

 

Jaques, R., & Sheridan, A. (2006) Towards carbon-neutral and climate-adapted domestic buildings-background 
document. (150). Building Research Association of New Zealand. Porirua. 

 

Kellenberger, D., & Perez, N. (2008) LCA-based windows calculator.: Beacon  

Pathway Ltd. Auckland. 

 

Lim, A., (2009). Retrieved from http://www.stuff.co.nz/business/market-data/companies/2324137/Nats-
Greens-deal-a-boost-for-Fletcher 
 

McLeod, P., & Fay, R, (2010) The cost effectiveness of housing thermal performance improvements in saving CO2-e.in 
Murphy. C., & Wake, S., (Ed) Proceedings of the 44

th
 Annual Conference of the Australian and New Zealand 

Architectural Science Association. (pp. 54) Unitec, Auckland. 

 

Neilsen, C. V. (2008). Carbon footprint of concrete buildings seen in the life cycle perspective. Proceedings of the 2008 
conference of The Concrete Technology Forum May 20-22.Denver. 

New Zealand Energy Data File (2011). Retrieved from http://www.med.govt.nz/sectors-
industries/energy/pdf-docs-library/energy-data-and-modelling/publications/energy-data-
file/energydatafile-2011.pdf 

http://alf.branz.co.nz/
http://www.med.govt.nz/upload/78104/NewZealandEnergyQuarterlyJune2011.pdf
http://www.stuff.co.nz/business/market-data/companies/2324137/Nats-Greens-deal-a-boost-for-Fletcher
http://www.stuff.co.nz/business/market-data/companies/2324137/Nats-Greens-deal-a-boost-for-Fletcher
http://www.med.govt.nz/sectors-industries/energy/pdf-docs-library/energy-data-and-modelling/publications/energy-data-file/energydatafile-2011.pdf
http://www.med.govt.nz/sectors-industries/energy/pdf-docs-library/energy-data-and-modelling/publications/energy-data-file/energydatafile-2011.pdf
http://www.med.govt.nz/sectors-industries/energy/pdf-docs-library/energy-data-and-modelling/publications/energy-data-file/energydatafile-2011.pdf


 

New Zealand’s Energy Efficiency and Conservation Strategy (2012). Retrieved from  

http://www.eeca.govt.nz/sites/all/files/nzeecs-07.pdf 
 

New Zealand Housing report 2009/2010. Retrieved from 

http://www.dbh.govt.nz/UserFiles/File/Publications/Sector/pdf/2009-2010-nz-housing-report.pdf 
 

New Zealand Standard. (2004) NZS 4218:2004 Thermal insulation-housing and small buildings. Standards New 
Zealand: Wellington. 

 

New Zealand Standard. (2009) NZS 4218:2009 Thermal insulation-housing and small buildings. Standards New 
Zealand: Wellington. 

 

Quick guide -Building code requirements: house insulation (2012). Retrieved from http://www.dbh.govt.nz/quick-
energy-guide 
 

Statistics New Zealand (2012). Building Consents Issued June 2012, Retrieved from 

http://www.stats.govt.nz/browse_for_stats/industry_sectors/Construction/BuildingConsentsIssued
_HOTPJun12.aspx 
 

The Kyoto Protocol (2010). Retrieved from http://www.mfe.govt.nz/issues/climate/international/kyoto-
protocol.html 
 

The New Zealand Energy Greenhouse Gas Emissions Calendar (2011). Retrieved from 

http://www.med.govt.nz/sectors-industries/energy/pdf-docs-library/energy-data-and-
modelling/publications/energy-greenhouse-gas-emissions.pdf 
 

Weidmann, T., & Minx, J. (2008) A definition of 'carbon footprint'. In C. Pertsova (Ed.),  

Ecological economics research trends (pp. 1-11). Nova Science. New York. 

http://www.eeca.govt.nz/sites/all/files/nzeecs-07.pdf
http://www.dbh.govt.nz/quick-energy-guide
http://www.dbh.govt.nz/quick-energy-guide

