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Section A: Towards Carbon-Neutral Dwelling 
 
This document provides design strategies that will assist in effectively reducing the lifetime 
carbon footprint of a building. Energy efficiency and energy conservation is key, minimise the 
energy load as much as practicable no matter the fuel source. Strategies to adhere when 
neutralising carbon emissions are: 
 

1. Ensure best use of passive and ‘low-tech’ solutions wherever possible (e.g. the 
building’s design, building’s operation). 

2. Favour renewable fuel sources which are site-specific or regional-based. 
3. Solutions suggested should be off-the shelf technologies and materials, recognise 

lower inherent risk. 
4. Design solutions for carbon-neutral dwelling should not compromise climate-adapted 

building solutions. 
5. Costs in providing carbon-constrained solutions should not be prohibitive. 

 
Specific issues examined are: thermal performance, major appliance selection, lighting, 
construction materials and geographic sitting. 

Chapter 1: Thermal-related Carbon 
 
Thermal house design in New Zealand is well established but not well understood or 
practised. For a document which goes into more detail about the principles and thermal 
performance of good passive design refer to ‘Design for the Sun’ (Richards 1994A and 
Richards 1994B) and ‘SUNREL’ thermal modelling software. 
Heating aspects 
 
Top three design priorities: Insulate well beyond requirements of the New Zealand Building 
Code (NZBC), glaze with consideration of the sun, and add thermal mass which gets exposed 
to the sun. 
 
Insulation 
 
The overall heat loss rate in a house helps determine potential annual energy consumption 
levels; heat loss is measured in watts per degree centigrade (W/°C) and is climate 
independent. SNZ PAS 4244 (Standards New Zealand 2003) and Designing Comfortable 
Homes (CCANZ 2001) provide solid specification guidance about insulation levels through 
simple schedules underpinned by thermal modelling. 
 
Heating aspects cont. 
 
SNZ PAS 4244 recognises climate differences in New Zealand and divided the country into 
three zones. Cooler the climate, the more insulation required. 
 

• Warm- Auckland and Northland 
• Cool- all of North Island not within ‘warm’ zone 
• Cold- all of South Island and Volcanic Plateau 

 
It is not significant what type of insulation is used as long as it is used appropriately then its 
environmental benefits over the buildings life will outweigh any cons. Insulation should ensure 
that the overall heat loss is low to guarantee efficient use of solar energy and minimise the 
CO2 impact of insulation. 
 



Super-insulating, thermal integrity and performance can be undermined by careless design. 
Be aware of the following: design for minimisation of thermal bridging, careful insulation of 
stud corners, no air gaps or cold bridges between studs and dwangs, insulate external doors. 
Glazing 

 
Building is to be provided with double glazed windows to attain heat within the whole house. 
The lifetime ability to insulate should be weighed against its lifetime durability and 
maintenance requirements. There is no up-to-date comparative life-cycle information for the 
durability of window frames in New Zealand so Table 2 should be treated only as a guide. 
Thermal Mass 
 
There are three types of thermal storage- solid, liquid and phase change. Solid materials- 
concrete, brick, ceramics etc. usually incorporated into structure. Liquid materials- thermally 
more effective than solid and stores twice as much heat. Phase change- salt derivatives, 
thermally best alternative because it maintains a constant surface temperature and holds 
more heat than both solid and liquid options. 
 
SNZ PAS 4244 (Standards New Zealand 2003) states that heavy materials in the floor (such 
as concrete) smooth out temperature extremes and are a cost effective when it comes to heat 
storage. Thermal mass is most effective when located in the northern aspects of a building 
because there is more sunlight; it is twice as effective when receiving direct sunlight not 
diffused rays. Thermal mass is also pendent on passive design features like: window 
orientation and size, local climate, and insulation levels.   
 
If your building utilises the concrete ground then both the perimeter and underside of the slab 
must be insulated with 50mm of high density polystyrene. For maximum benefit, hard 
surfaces should be exposed to the sun, these surfaces can be dark but not black or 
overheating will occur. Optimum insulated slab thickness is 100mm-150mm. 
Cooling aspects 
Climate change-related temperature increase is significant in how a building will adapt in the 
future climates.  Air temperature is seen as the most important comfort factor. Example: 
Estimated increase shows maximum air temperature exceeding 25°C across four 
geographically separate cities. 



 
 
Note: actual temperature inside building differs from external temperature for both physical 
and occupant-related reasons. When the external temperature exceeds 25°C the internal 
temperature exceeds 25°C too. 
 
The ability of a building to minimise overheating all-year round is key in passive solar design. 
Technical details can be found in manuals such as ‘Design for the Sun’ (Richards 1994B), it is 
suggested that this manual is used alongside dynamic simulation programs such as SUNREL 
because of the complex thermal nature of buildings. 
 
It is important to consider basic principles that contribute to overheating, during the summer 
excessive insulation can lead to overheating unless exceeded by the losses of heat from the 
house. External temperature and solar radiation constantly change throughout the day, 
external and internal heat flow changes with time. Thermal mass can represent either a loss 
of heat from a space when it is cooler than the air in the room or heat gain when it is warmer. 
 
Control of solar heat through windows is vital. Westerly orientated windows need to be 
carefully sized to ensure overheating does not occur. 
 
Hierarchy of effective window shading systems (best to worst): external shading (potentially 
reducing 95% of incoming solar heat), mid-pane (potentially reducing 43%), and interval 
shading (potentially reducing 17%). 
Ventilation 
 
The volume of cooler air flow supplied and the timing of ventilation is critical, natural 
ventilation should be provided by one or a combination of the following: window openings, 
purpose-designed vents in the façade or passive ventilation stacks. Night-time ventilation is 
essential in removing heat from the thermal mass of the house and provides control. 10 air 
changes per hour on average need to occur during night-time in order for this to be effective. 
Controlling ventilation prevents over-cooling; windows must be able to open and capable of 
allowing high volume flows of air. 
 
Thermal Mass 
 
Providing sufficient thermal mass to control temperature swings is advised but is not effective 
without night-time ventilation. 
Care must be taken not to de-couple thermal mass with surface finishes. 
The material used to provide thermal mass needs to have sufficient surface area. Design 
should also allow free flowing air over its surface as heat flow is directly related to surface 
heat transfer; the temperature difference between the room air and the surface. 
 
Increased thermal mass without night-time ventilation for cooling may increase the number of 
hours of overheating. 
 
It is vital that cooling of the thermal mass is provided, which is most effective with cooler night 
air flow. 



 
Casual Gains 
 
Reducing the casual gains from lights and appliances where concentrated e.g kitchen. 
Controllable ventilation is provided through: 
 
Reduction- limiting size and number of appliance, using only those that are highly efficient 
(e.g induction hob) 
 
Removal- through passive measures wherever possible (e.g venting fridge condenser to the 
outside of the building) 
 

Chapter 2: Energy-in-use-related Carbon 
 
The main sources of energy in New Zealand are electricity and gas. A typical home uses on 
average 6,700kWh electricity/year (3,015kg of CO2 emissions), and 2,400kWh gas/year 
(360kg of CO2 emissions).  
 
Examining appliances closely for energy contributions/CO2 emissions is useful in seeing 
where the greatest changes in design could be made. Hot water heating, space heating, 
lighting, and electric ovens/hobs are explored. 
 
Hot Water Heating 
 
There is a wide range of carbon emissions for different types of hot water cylinders from 
studies. 
 
Best non-peak: 

1. Wetback using logs or wood pellets 
2. Efficient heat pumps (coefficient of performance of 2.5+) 
3. Electric-assisted solar 
4. Gas-assisted solar 

 
Best peak: 

1. Wetback using logs or wood pellets 
2. Gas-assisted solar 
3. Efficient heat pumps (COP 2.5+) 
4. Instant electric heater 

 
To be most efficient, an effective plumbing system is needed. This includes flow limiters, and 
low-flow shower roses. 
 
Space Heating 
 
Wood and gas-fuelled space heating have the lowest emissions per 100kWh, and the highest 
being electric underfloor heating and radiant-type ceiling heating. 
 
Best non-peak: 

1. High efficiency double wood/pellet burner 
2. Standard double burner 
3. Efficient heat pumps (COP 2.5+) 
4. Ducted heat pump (COP 2.5+) 

 
Best peak: 

1. High efficiency double wood/pellet burner 
2. Standard double burner 
3. Gas heated flooring 
4. Flued natural gas 

 



Lighting 
 
In the average Auckland house, lighting uses 15% of energy. This translates to 171kg CO2 
emissions/year (average electricity fuel mix), or 513kg CO2/year (marginal electricity fuel 
mix). 
 
Energy consumption/CO2 emission of each lamp, thermal aspects, lighting level required 
(illuminance), and smart controls and sensors are considerations. 
 
The most effective way to reduce energy consumption/CO2 emissions (75-80%) is to design 
light fittings with more efficient luminaries in mind (fluorescent or compact fluorescent 
lights(CFOs)). Improvements in this area has made it an acceptable substitute for 
incandescent lighting for most applications. 
 
In the UK, luminaries that only accept CFLs has been put in place to discourage reverting to 
conventional filament lamps. In New Zealand, it is expensive and difficult to source so it is not 
yet practical. 
 
In New Zealand, it has become common practice to use recessed halogen lighting in ceiling 
areas (kitchens, lounges, dining rooms, bathrooms), but they are not effective in converting 
electricity to light, usually not properly thermally insulated, acts as a thermal bridge between 
conditioned and unconditioned spaces, compromising thermal design. It is urgent to not use 
these or carefully specify the construction of insulated lighting units. 
 
Other design strategies include using only as much lighting as necessary with spot or task 
lighting, and incorporating energy-efficient controls (timer switches on stairway lighting, and 
daylight sensors and proximity sensors for external lighting for patios, entrances, pathways, 
inter-building transition zones). 
 
Oven/Hob 
 
The oven/hob accounts for 8% of the total energy load of a typical house. The energy use 
between the two functions is roughly evenly split. In an all electric house, the oven/hob uses 
632kWh/year (284kg CO2). 
 
HOB: least CO2 emissions (kg CO2/10kWh) 

1. Gas hob (electric ignition) 
2. Gas hob (LPG bottled) 
3. Electric induction 
4. Electric resistance 
5. Gas hob (pilot light) 

 
HOB: best energy conversion efficiency 

1. Electric induction 
2. Electric resistance 
3. Gas hob (electric ignition/LPG bottled) 
4. Gas hob (pilot light) 

 
Indoor heating/cooling should also be examined in relation to appliance efficacy for a 
complete carbon picture. 
 
All are recommended apart from the gas hob (pilot light). However, as the market shifts 
towards all-electric, gas hobs are becoming difficult to purchase. 
 
OVEN: least CO2 emissions 

1. Microwave 
2. Electric (self-cleaning, convection) 
3. Electric (resistance) 
4. Electric (self-cleaning) 
5. Gas (electric ignition/electric ignition, self-cleaning/LPG bottled) 



 
OVEN: best energy conversion efficiency 

1. Microwave 
2. Electric (self-cleaning, convection) 
3. Electric (resistance) 
4. Electric (self-cleaning) 
5. Gas (electric ignition/electric ignition, self-cleaning/LPG bottled) 

 
Indoor heating/cooling does not affect the oven as much as it is closed. 
 
The microwave is generally more of a complementary cooking appliance. 
 
It is recommended that a combination of the microwave and electric convection oven (self-
cleaning or not) be used. 
 

Chapter 3: Material-related Carbon 
The production processes of building materials have large impacts towards Carbon (CO2) 
pollution. Each materials complete lifecycle needs to be considered to make a fair judgment 
of the overall effects to CO2 emissions at the completion of the building project, and on into 
the future. 
New Zealand, unfortunately, has little standardised data on CO2 material pollution, and 
therefore this report uses broad guidelines to provide a common sense approach to this 
particular topic. 
There are four main stages that contribute to the materials life cycle and CO2 created. These 
include: 
Initial CO2. 
 
This phase refers to the CO2 emissions released while extracting and manufacturing the raw 
material. When drafting the initial building concept, it is crucial to consider the sizes of each 
room and how much of each material will be required, as this will affect how much will need to 
be extracted and manufactured. It is certain that a larger building will produce more CO2 
emissions than a smaller one.  For this reason, multipurpose spaces have become popular, 
which effectively also decrease the transition areas in buildings (such as hallways, etc) 
meaning less material will need to be used overall. 
Transport-related CO2 
 
Phase 2 includes all CO2 released due to the transportation needed to move the material to 
the construction site. In most cases, this part of the process often contributes the least 
amount of CO2 emission in comparison to those created during the other phases. 
Maintenance-related CO2 
Phase 3 is the CO2 released due to upkeep procedures of each material to ensure it is in a 
safe and useable condition. Maintenance can also occur due to expansion and alterations 
(often made when the buildings purpose changes or as fashion demands a ‘new’ look). 
Maintenance contributes a large amount to the overall CO2 emissions and therefore, the 
materials used become very important to try decrease these amounts. Often heavily 
processed materials are used such as paint, metals and floor coverings like carpet, etc. 
(Refer to the graph below for estimated figures of several material examples.) 



 
An important factor to consider is choosing materials that can withstand a similar lifespan to 
that intended for the building. This will reduce the maintenance costs and make recycling 
easier as they will be ready to be reused or recycled. It is also useful to consider how 
materials will respond and interact to each other. 
Disposal-related CO2 
 
The final phase is the CO2 created from the materials end use. Materials are often reused 
without any alterations to their form. Reusing materials releases minimal CO2 emissions 
compared to other uses. The probability of a material being reused is increased by careful 
construction, which places great importance on the designing process and material 
consideration. On other occasions the materials may be recycled. Recycling material is when 
it gets reprocessed to create a different form in order to serve another purpose. Alternatively, 
materials can also be used as landfill. The material is buried underground and is often used 
as the site for future buildings.  
The cost and CO2 produced will alter according to the materials location and circumstance, 
which will help to determine each materials end use.  
 

Chapter 4: Transportation-related Carbon 
 
The location of the building site in relation to its surrounding amenities has a large influence 
for the overall household-related carbon footprint. Transportation related carbon emission are 
overlooked in most eco-homes. 44% of New Zealand carbon emissions come from 
transportation. The recommended sustainable transport practices to reduce greenhouse 
gasses are the use of public transport, walking, cycling, carpooling, using fuel efficient cars, 
cleaner fuels, using telecommunications to replace physical travel and urban planning to bring 
people closer to their needs. A typical private car travels between 10,000 to 20,000km 
annually. An average sized petrol car travels roughly 17,000km per year which results in an 
annual CO2 emission of 2.88 tonnes per household. This is larger than the yearly upkeep of 
800kg of CO2 annually.  
Transportation generally impacts the environment by conserving non-renewable resources, 
air pollution, congestion, noise and reduction to safety. Naturally avoidance of vehicle, train 



and ferry transportation has zero C02 emissions. The highest emission being 0.21 per kg/km 
travelled by an average sized petrol car. If possible residential buildings should be less than 
500m to employment, schools, shops and recreation. The BRANZ Green home scheme 
recognises and rewards homes located within 350m and 500m to public transport or at least 3 
amenities. People will make use of services and facilities which are easier to access. 
 

Section B: Towards Climate-Adapted Dwelling 
 

Chapter 6: Rainfall Implications 
 
Because of climate change, rainfall distribution in New Zealand may change. In Otago and 
Western Regions precipitation is meant to increase while Northland and Auckland may 
experience a decrease. Heavy rainfall is to become more frequent resulting in damage to 
building facades, increase in damp homes and pressure on drainage systems. This may 
affect design processes with the way we build being centered around drainage and 
minimising damage from excess water. 
 

Chapter 7: Wind Changes (Including Cyclones) 
 

     There is little investigation on wind-related scenarios. Because of this, researchers are unsure 
if increased winds will occur due to climate change in the next 100 years. However, the main 
impact of high winds could cause structural damage. As well as that, the comfort and safety 
of pedestrians is most likely affected when buildings are in a wind environment. Cyclones 
have impacted devastation on people hence there is an urge to adapt buildings in potential 
high-risk areas now rather than facing the consequences later. Key ideas that may reduce the 
risk of damages is by installing extra fixings on roof edges and constructing steeper pitched 
roofs, especially areas that are most likely at risk such as Northland and Auckland. This will 
minimise uplift pressures which occur along eaves, barges and ridges. 
 

Chapter 8: Flooding 
 
Due to increased rainfall and cyclones flooding is predicted to increase and become four 
times more likely across New Zealand. Particularly on the West Coast, rivers with catchment 
in the South Island and the central plateau of the North Island. 
 
Drought areas such as the eastern side of NZ would not be able to cope with the extreme 
heavy rainfall. Urban drainage systems may be unable to handle causing blockage and 
flooding, this overflow resulting in surface and infrastructure water damage. Sewage backflow 
as a result would lead to contamination and health issues. Dwellings in coastal areas could 
be completely destroyed. 
 
The acceptable level of risk for flooding according to the NZBC is a 2% annual risk of over the 
floor flooding. 
 
The most important method of reducing flood related issues is to not build on river flooding 
plains and low lying coastal areas. Because of land mass and climate change there may be 
no warning of future buildings in flood prone areas due to earthquakes and erosion.  
 
Measures to minimise risk and severity of flooding: 

1. Research the risk of flooding at given region and site. Information is obtained from 
local government or environmental agencies.  

2. Extended the minimum floor level clearance requirements in order to reduce the risk 
of flood damage.  

3. Design with flooding in mind using wet-proofing and dry proofing methods (see 
below) and installing vulnerable equipment as high as possible. 



4. Use water resistant materials 
 
 

Dry-proofing aims to keep the water out whereas wet-proofing is those measures aimed at 
improving the ability to withstand a flooding event. 
 
Concrete floors may be advantageous as the can provide a seal against water rising up 
through the floor and incur less water damage.  
 
Sustainability of various building materials for water damage: 
 

 
 

	  


