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What is Kāinga Ora?
Kāinga Ora – Homes and Communities, is the New Zealand Government’s Urban Development Authority (UDA).
Established in October 2019, Kāinga Ora is an amalgamation of three housing entities – Housing New Zealand,
HLC, and KiwiBuild – yet represents a much larger mandate, with a broader range of responsibilities, than the
sum of the three organisations before.
Kāinga Ora has two key roles to play in Aotearoa New Zealand:
•
•

to be a world-class public housing landlord for the more than 185,000 customers living in the 64,000
(and increasing) public houses managed by Kāinga Ora; and
to partner with Māori, the development community, local and central government and many others to
design and develop urban communities of all different sizes for the future.

The broader mandate from the New Zealand Government has Kāinga Ora focusing on six key outcomes:
•
•
•
•
•
•

Sustainable, inclusive and thriving communities with good access to jobs, amenities and services.
Quality affordable housing options that meet diverse needs.
Partnering with Māori ensuring Māori interests are well protected and obligations fulfilled in respect of
Te Tiriti o Waitangi (the Treaty of Waitangi).
Our public housing customers live with dignity, stability, and the greatest degree of independence
possible in their homes.
Environmental wellbeing is enhanced and preserved for future generations.
System transformation is catalysed and delivered.

Kāinga Ora – Homes and Communities
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What is Ngā Kāinga Anamata?
Ngā Kāinga Anamata, or the 5 Systems Programme, is a sustainability-innovation pilot seeking to resolve many
underlying problems with New Zealand’s housing sector, including construction sector productivity, energy
hardship, sick building syndrome, and climate change mitigation. The Māori name Ngā Kāinga Anamata means
“Homes of the Future”. This name has been gifted to the programme to reflect its mission of building homes to
2030 standards today, and the desire to incorporate the values of New Zealand’s indigenous culture into the
programme.
The programme, currently 60% through the design process (completed Development Design), plans to
construct five apartment buildings designed with identical layout, height and interiors. Each building will
achieve Passive House certification and be Net Zero Energy. Each will be constructed with a different structural
system: steel, concrete, light frame timber, mass/cross laminated timber, and a light/mass timber
hybrid. Modern methods of construction opportunities are also being maximised.
Ngā Kāinga Anamata aims to understand the holistic financial and non-financial benefits by testing the design,
construction, as-built and post-occupancy performance of low carbon public housing. It will consider
commercial aspects such as cost, time, quality, productivity and supply chain that will inform us of industry
capability and readiness.
Carbon mitigation has been at the forefront from the programme’s inception. Kāinga Ora partnered with the
Building Research Association of New Zealand (BRANZ) to conduct whole-building lifecycle carbon assessments
(LCA) of current building code standards. Design decision making was prioritised around science-based
recommendations to decarbonise and improve the health and wellbeing of home occupants, while retaining
constructability and cost metrics.
These buildings are being used to co-develop the 15 year transformational carbon mitigation programme,
‘Building for Climate Change’, with New Zealand’s Ministry of Business Innovation and Employment (MBIE –
the national building regulator).

Kāinga Ora – Homes and Communities

Render of a Ngā Kāinga Anamata apartment building – Source: Context Architects
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Concept design masterplan
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Addressing sustainability and lifecycle carbon
The built environment (buildings and infrastructure) is responsible for approximately 20% (by consumption) of
New Zealand’s gross carbon footprint 1. Buildings (new and existing) make up a significant portion of that total
and compared to a New Zealand specific 1.5°C carbon budget (about 10 tonnes per occupant or 177kg CO2 per
m2 floor area) 2, new homes emit more than five times more carbon over their lifetime – therefore requiring an
80% reduction to be climate safe.

Graph 1: Comparing the lifecycle carbon performance and emissions reduction of the Ngā Kāinga Anamata 5 Systems Programme

Buildings are a complicated but critical aspect of our national emissions reduction effort. New Zealand is in the
middle of the largest residential construction boom in more than 50 years, releasing embodied emissions today
and locking the eventual occupants into an emissions profile past 2050. Therefore, houses built must be both
low carbon and be part of the Governments housing inequality response. Ngā Kāinga Anamata has the
potential to be part of that solution and support a low carbon tipping point for the construction industry.

Fisher, B., Nebel B., and Vickers, J. The carbon footprint of New Zealand’s built environment: hotspot or not? Wellington,
New Zealand: thinkstep Australasia, 2018 https://www.nzgbc.org.nz/Attachment?Action=Download&Attachment_id=2635
2
BRANZ Research Now Zero-carbon built environment #1: A carbon budget for New Zealand houses, 2020.
https://d39d3mj7qio96p.cloudfront.net/media/documents/BRANZ_RN_zero-carbon1.pdf
1
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Kāinga Ora has already set its baseline for its construction programme to 6 Homestar. This decision was made
during version 4 but we will maintain this during the uplift of version 5 by the New Zealand Green Building
Council.
Ngā Kāinga Anamata will be built as a proof of concept for how New Zealand can build low carbon homes and
do so at scale. We used the Passive House standard and Life Cycle Assessment (LCA) to scientifically optimise
these buildings. Illustrated in Graph 1,our design stage assessments indicate that life cycle carbon has reduced
by approximately 74% including biogenic carbon sequestration (58% without). It is planned that key learnings
from this process, such as data and technical solutions, will be available for the industry to understand and
apply to future projects.
Ngā Kāinga Anamata represents a huge and necessary step forward for buildings in New Zealand. The learnings
from this project are being used by New Zealand’s National Building Regulator, Ministry of Business, Innovation
and Employment (MBIE), to guide future building code direction and investment in our construction sector.

Why Ngā Kāinga Anamata for the COP26 Virtual Pavilion
Ngā Kāinga Anamata is unique: it is the start of a national response to climate change mitigation in the built
environment. The New Zealand Government is developing policy direction, and Ngā Kāinga Anamata is leading
the way, validating policy assumptions and demonstrating to industry that targets are achievable.
It is the Kāinga Ora focus on public housing that also makes this special. Kāinga Ora does not build high-end
homes. It builds homes for vulnerable New Zealanders who need them most. The lessons learned will be
applied across our large-scale construction programme on a national level and issued to industry through our
strategic partners such as the Building Research Association of New Zealand (BRANZ), New Zealand Green
Building Council and Passive House Institute New Zealand.

Render of Ngā Kāinga Anamata buildings and elevation – Source: Context Architects

Kāinga Ora – Homes and Communities
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Ngā Kāinga Anamata and UN Sustainable Development Goals
The UN’s 17 Sustainable Development Goals have been used to guide Ngā Kāinga Anamata, contributing to a
more sustainable building, community and quality of life. The Sustainable Development Goals listed below
show how the programme contributes to solving some of the world’s biggest challenges today.
End poverty in all its forms everywhere
Development cannot alone lift people out of poverty, but the homes we build can affect
the impact of poverty on our customers lives by providing access to quality social housing,
services, and recreational areas.
Ngā Kāinga Anamata provides dry, thermally comfortable, efficient, and healthy homes
with good light and ventilation, alleviating fuel poverty, and improving the health and wellbeing of residents.
The design is adapted to local climatic, geographical, and cultural contexts, working with the surrounding
environment, to increase quality of life while helping occupants save on electricity and other running costs.
The programme also involves and has a close relationship with indigenous-focused social enterprises,
supporting Māori employment opportunities, creating and developing skills and jobs within communities
working to implement and maintain the planting within the programme. This will have a direct effect on
improving access to sustainable livelihoods, entrepreneurial opportunities and productive resources.
Ensure healthy lives and promote well-being for all ages
Most people spend the majority of their life indoors, making indoor climate an influential
factor of health outcomes. The design of Ngā Kāinga Anamata enables a healthy indoor
climate with good light, acoustics, air quality and minimal exposure to off gassing of
materials. This is especially important in buildings with vulnerable users, with pre-existing
health issues. Hourly indoor air quality monitoring will be installed to measure indoor temperature, humidity
and CO2 in living rooms and bedrooms.
Universal design is incorporated as standard practice in a share of the units to allow for access for all. The
inclusion of shared amenities such as a community centre, shared laundry, and communal vegetable gardens,
play a crucial part in creating a connected environment that supports good health and well-being.
The project site infrastructure is planned to include nature play areas for free-play and direct resident access to
the adjacent Taurere maunga (mountain) to encourage physical activity.
Ensure access to affordable, reliable, sustainable and modern energy for all
Ngā Kāinga Anamata is designed to limit energy consumption, by using materials and
layouts that minimise heat loss, achieving Passive House Certification.
The low electricity demand for these buildings is met by a roof top photovoltaic array,
sized at 24kWp, covering an area of 105m2. Fuel poverty is a real issue for many of our
customers and for Kāinga Ora net zero energy represents more than just a reduction in carbon emissions. It

Kāinga Ora – Homes and Communities
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also means that the families and individuals living in these homes will have dramatically reduced power bills
and won’t have to worry about creating a healthy and comfortable environment for their family to live in.
Make cities and human settlements inclusive, safe, resilient and sustainable
The built environment is crucial to the development of sustainable cities and communities.
Consideration of the needs of Kāinga Ora public housing customers have been included
from the early stages of planning, and all varieties of stakeholders have and will be
involved in the process from mana whenua (local indigenous tribes) to local government
and the local transport agency.
The site has been developed to increase resilience and robustness in the face of climate change. It includes
native vegetation, vegetable gardens, permeable paving and integrated rain gardens throughout the
streetscape of the development to manage stormwater and improve overall resilience of the site, helping to
counteract the loss of vegetation and biodiversity caused by urban growth.
The design establishes a distinct identity avoiding potential for creating a stigmatised public housing identity by
presenting a good frontage to the public realm and a positive, well-connected outlook to the street. With an
appropriate and sustainable mixed-residential development profile and implementation of low-impact urban
design principles including maximisation of permeable areas where practicable, and minimisation of the
environmental impact of vehicle access, service areas and parking.
Sustainably manage forests, combat desertification, halt and reverse land degradation,
halt biodiversity loss
Ngā Kāinga Anamata aims to actively protect, restore and support local ecosystems and
biodiversity, including habitats for native plants, insects and animals. Planned native
biodiversity corridors along with large pockets of regenerated native forest, will provide a
network of plant life supporting insects, birds and other animals so they can co-exist and thrive alongside the
new development.
The programme also addresses the issue of equity and climate justice, by increasing tree canopy and coverage
on the site and surrounds (as generally wealthy neighbourhoods in Auckland are greener than areas with a
higher density of social housing). This forms part of the Kāinga Ora Urban Ngāhere (forest) framework, which
aims to ensure that Kāinga Ora design, construction, and operational practices prioritise urban ngāhere
outcomes. Specific to Auckland, this means supporting the Auckland Council Urban Ngāhere Strategy to
increase canopy cover to 30 per cent across Auckland's urban area, and at least 15 per cent in every local board
area.

Kāinga Ora – Homes and Communities
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Sustainability measures
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Creating a site through deconstruction not demolition
Quality urban intensification is a key Kāinga Ora strategy and priority is given to urban intensification
(brownfield) over expansion (greenfield), where possible. The Ngā Kāinga Anamata site is centrally located in
the Auckland metropolitan area and is an underutilised brownfield site, with eight old homes currently situated
on it.
The original houses were built in 1960 and are now at the point where they need significant lifecycle
investment. There are five timber-framed houses with lightweight timber cladding and long steel roofing on
site. There is also one three-unit, two-storey semi-detached housing block built later, potentially constructed of
hazardous materials (making relocation and recycling more difficult). These homes were built when New
Zealand building code requirements were much lower (uninsulated walls, roof and floor, as well as single
glazed windows) and as such perform poorly from an energy perspective.
Kāinga Ora has a New Zealand leading site clearance programme and the eight homes currently on the site are
expected to be relocated or deconstructed using this programme. This was started in 2018 in recognition that
the 1,000 homes per year Kāinga Ora that demolished were contributing significantly to New Zealand’s waste
problem. The organisation now has targets to recycle at least 80% of materials from site clearance activities.
However, through the help of Kāinga Ora civils alliance Piritahi the recovery rate at many sites is often over and
above this target. For example, houses are now frequently deconstructed with materials donated to charities,
and we relocate more than 100 houses per year, donating them to trade training schools.
Clearing the site will make way for 40 new apartments comprised of six three-storey apartment buildings, five
of which are part of Ngā Kāinga Anamata. The corner apartment will be built to current building standards (6
Homestar v4.1) and methods, and will be used by Kāinga Ora as a control for performance comparison. The site
will also contain two town houses and one community/multifunctional room. One of the town houses will be a
certified Passive House and the other to the Passive House Low Energy Standard. Both will have the learnings
from the Ngā Kāinga Anamata apartments integrated into their design.

Materials of existing houses in Avondale, Auckland are being reused and recycled through deconstruction efforts
– Source: Kāinga Ora
Kāinga Ora – Homes and Communities
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Render of Ngā Kāinga Anamata buildings – Source: Context Architects

Reducing lifecycle carbon emissions: embodied and
operational
Ngā Kāinga Anamata is focussed on developing the means by which five different apartment construction
systems can be designed and constructed to high performance (low carbon emissions) standards. To do this,
the site has been through a detailed assessment of its lifecycle emissions at both concept and developed
design stages (30% and 60%). This assessment was then compared against the New Zealand specific Building
Research Association of NZ (BRANZ) / Massey University 1.5oC carbon budget 3 for new residential construction.
Graph 2 and the accompanying data tables below compare the lifecycle carbon results of both buildings to the
carbon budget, and highlight the carbon reductions achieved by the Passive House, CLT and photovoltaic solar
roof top array solution. A key outcome of Ngā Kāinga Anamata is to determine how close we can get to the
1.5oC carbon budget, using industry ready best practice low carbon solutions for public housing.
At concept design stage an assessment of standard construction acts as a baseline. On average each building
was 5.3 times greater than the 10,622 kg CO2 per occupant 1.5oC carbon budget. However, at developed design
this was reduced to 2.4 times (refer Graph 2 and accompanying data tables). If biogenic carbon of CLT and
other timber is included, the results are 5.0 and 1.4 times respectively, demonstrating the potential of

3 This 1.5C carbon budget (winner of best paper at Sustainable Built Environment (SBE) Conferences 2019) is a top down budget that
accounts for the future building stock projections needed from 2018 to 2050. The budget is the amount of carbon each building can
release between 2018 and 2050 in order to meet its ‘fair share’ of keeping global warming below 1.5C. The budget is expressed in two
metrics. Kāinga Ora uses the 177kg CO2 per m2 GFA and 10,622 kg CO2 per occupant housed.
Kāinga Ora – Homes and Communities
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sustainably-sourced timber and the built environment to help reduce and remove carbon from the
atmosphere, and sequester it.
A carbon budget per occupant is the most appropriate metric for Kāinga Ora as the aim is to understand the
largest number of people we can comfortably house whilst using the least amount of carbon poissible
(respecting cultural sensitivities and avoiding over-crowding).
Below, Table 1 provides a summary of results in units of kg CO2/m2 for Ngā Kāinga Anamata. Results are
provided for the 60% design PassiveHouse + Net Zero Energy + CLT building, and are presented in a range of
metrics including and excluding biogenic carbon sequestration.
Lifecycle stages

kg CO2/m2
excluding
biogenic carbon
sequestration

kg CO2/m2
including
biogenic carbon
sequestration

kg CO2 per occupant
housed excluding
biogenic carbon
sequestration

kg CO2 per occupant
housed including
biogenic carbon
sequestration

Upfront/Capital
Embodied Carbon (A1A5)

564.1

206.7

15,184

5,562.4

Embodied Carbon (B2,
B4) Maintenance and
Replacement

367.2

330.1

9,884.2

8,886.3

Operational Carbon
Energy Use (B6)

0 covered by embodied carbon of PV array generating all electricity required
annually

Operational Water
Use (B7)

135.3

135.32

3,642.4

3,642.4

End of Life Embodied
Carbon (C1-C4)

80.2

77.3

2,158.3

2,079.6

Carbon Benefit/Load
Embodied Carbon (D)

-83.2

-93.0

-2,240.4

-2,503.3

Carbon Benefit/Load
Electricity Export to
Grid Carbon (D)

-119.2

-119.2

-3,208.7

-3,208.7

Total Embodied
Carbon

728.9

324.6

19,619.1

8,736.6

Total Life Cycle Carbon

944.4

537.2

25,419.9

14,458.6

Total Life Cycle Carbon
Number times greater
than the 1.5°C Carbon
Budget

5.3

3.0

2.4

1.4

Table 1: summary of results in units of kg CO2/m2 for Nga Kāinga Anamata
Kāinga Ora – Homes and Communities
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Graph 2: Comparing the lifecycle carbon impact of the concept (typical construction) and developed design (Passive House + CLT + PV) to show the impact of the decarbonisation solutions.

Life Cycle Stage

Reference kg

Design kg CO2 eq. per

CO2 eq. per

Occupant

A1-A3: Product stage

% Diff.

Life Cycle Stage

Occupant
13,643.2

13,184.3

A4-A5: Construction process stage

1,540.8

1,348.2

13% C1-C4: End of life

B2: Maintenance & B4: Replacement

9,884.2

5,238.5

47% D: Materials

B6: Operational Energy Use

-

Design kg CO2 eq.

Reference kg CO2

% Diff. Design vs.

per Occupant

eq. per Occupant

Reference

3% B7: Operational Water Use

33,044.5

D: Energy Export

3,642.4

4,867.2

-34%

2,158.3

1,481.0

31%

-

2,240.4 -

2,489.4

-11%

-

3,208.7

D: Total - the benefits and loads the beyond system boundaries e.g. reuse, recovery, recycling and energy generation/export potential after onsite consumption. -

-

5,449.1 -

100%

2,489.4

54%

56,674.3

-123%

Total: Sum of all life cycle stages including module D.
Note: B6 electricity plug loads. Embodied carbon of building services are excluded due to national inventory LCA emission factor data gaps.

Upfront Embodied Carbon, Life Cycle Embodied Carbon, and Operational Carbon Results

Design kg CO2 eq. per
Occupant

25,419.8

Reference kg

Multiplication

CO2 eq. per

Factor

Occupant

Design vs

Total upfront embodied carbon (A1-A3, A4-A5)

15,184.0

14,532.5

1.04

Total life cycle embodied carbon (A1-A3, A4-A5, B2, B4, C1-C4, D Materials)

19,619.1

18,762.6

1.05

Total life cycle emissions of B6 (including lifecycle embodied PV and module D energy export to grid)

7,166.3

33,044.5

0.22

Total life cycle operational carbon (B6 + B7)
Number of times either greater or less than the concept design 5 Systems Kāinga Ora business as usual reference building

3,642.4
0.4

37,911.7
1.0

0.10
0.45

New Zealand BRANZ/Massey University 1.5°C carbon budget for new residential construction

Design (Passive House + PV
Net Zero Energy + CLT)

Reference Building 5

1.5°C Carbon

Systems Concept

Budget kg CO2

Design BAU

per Occupant

Number of times either greater or less than the OPERATIONAL CARBON component of the New Zealand BRANZ/Massey 1.5°C carbon budget per occupan

4.94

4.73

3,969

Number of times either greater or less than the OPERATIONAL CARBON component of the New Zealand BRANZ/Massey 1.5°C carbon budget per occupan

0.55

5.70

6,653

Number of times either greater or less than the New Zealand BRANZ/Massey 1.5°C WHOLE OF LIFE CYCLE CARBON budget per occupant

2.39

5.34

10,622

Kāinga Ora – Homes and Communities
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Operational energy use makes up approximately 80% of lifecycle carbon emissions for a typical new residential
building in New Zealand. This is even after accounting for New Zealand’s low carbon energy grid emissions
derived from approximately 85% renewable energy (50-60% of which is hydroelectric) resulting in a
significantly low carbon emissions factor compared to other OECD countries. An emissions factor of 0.128 kg
CO2 per kWh represents the average carbon impact of New Zealand’s national electricity grid over the
building’s 90 year design life. This accounts for a moderate increase in national renewable electricity
generation and a decarbonising national grid e.g. reducing the grid emissions factor from 0.134 to 0.128 kg CO2
per kWh.
While a renewable and decarbonised electricity grid is critical to reaching net zero carbon by 2050, there will
always be carbon emissions associated with electricity generation. This reinforces energy efficiency followed by
generation as being the primary operational energy/carbon mitigation solutions. Therefore, some of the key
adjustments made between the 30% and 60% designs relate to saving energy to reduce operational emissions
as discussed below.
Reducing heating and cooling energy, and mitigating the overheating in a warming climate
Active heating and cooling is almost completely designed out of the buildings by application of robust building
science, the Passive House suite of design tools and dynamic energy simulation. In particular, the programme
team are mindful that summer overheating is an important issue for Passive Houses and can be considered a
weakness of the standard and method. Therefore, in addition to the Passive House modelling in the PassivHaus
Planning Package (PHPP), a dynamic simulation using a multi-zonal airflow network was conducted to assess
the risk of overheating using the CIBSE TM52/59 method.
Multiple scenarios and variables were tested, including a 2.37°C future climate change weather file for
Auckland, prepared by the National Institute of Water and Atmospheric Research (NIWA) for BRANZ.
While the building design passed the future climate assessment without the need for active cooling, natural
ventilation/window strategy is being reviewed to optimise and better futureproof the final design.

Render of mechanical ventilation heat recovery system – Source: Context Architects
Kāinga Ora – Homes and Communities
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Reducing hot water energy use
Having removed specific space heating and cooling energy demand, the next largest energy end-use in our
standard buildings is hot water for personal hygiene. Ngā Kāinga Anamata buildings have a centralised CO2
refrigerant air source heat transfer pumps (mini spilt system) for hot water heating and shared storage facilities
within each floor. CO2 refrigerant removes the need for the extremely high global warming R32 (677 times
greater than CO2). Heat pump technology works like a fridge in reverse taking advantage of natural thermal
flows to drag ambient atmospheric heat into the communal water storage.
Servicing electricity demand
The electricity demand for these buildings is serviced by a rooftop photovoltaic array, sized at an average of
24kWp and covering an area of 105m2 per building. Below, Graph 3 and the accompanying data tables
compare the developed design solution (Passive House and CLT) with and without the rooftop photovoltaic
array. The 24kWp array is sized to generate enough electricity to meet the total annual demand and achieve
Net Zero Energy status. Applying LCA theory, this eliminates the operational emissions attached to electricity
from New Zealand’s national electricity grid, resulting in a reduction of 275T operational emissions over 90
years. However, in reality this building will have a dynamic two-way interaction with the national electricity
grid, where the building imports and exports electricity to meet peak electricity demand or balance demand
and supply instantaneously not yearly.
As Graph 3 also shows, additional embodied emissions are incurred by the rooftop photovoltaic array and must
be balanced against the operational energy emission (B6) reductions. These embodied carbon emissions are
reflected in all material lifecycle stages, but predominately in lifecycle stage B4. This is due to the PV array
having a 35 year lifespan and needing to be replaced twice over the buildings 90 year design life. The additional
lifecycle embodied carbon of the roof top PV array is 175T.
Balancing the B6 carbon savings from the rooftop photovoltaic array with the additional lifecycle embodied
carbon, the PV array still reduces lifecycle carbon by 177T. In reality, PV manufacturing is expected to
decarbonise in the future, therefore when it is time to replace the rooftop array, the embodied carbon
emissions should be lower than these calculations.
No fossil fuels will be used directly by the building or onsite to heat, provide hot water or deliver any other
building services.

Render of rooftop photovoltaic array on Ngā Kāinga Anamata buildings – Source: Context Architects
Kāinga Ora – Homes and Communities
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Graph 3: Comparing the lifecycle carbon impact of the developed design (Passive House + CLT) building design with and without the roof top photovoltaic array.

Life Cycle Stage

Design kg CO2 eq. per area

A1-A3: Product stage

GFA

Reference kg
CO2 eq. per

Life Cycle Stage

Design kg CO2 eq.

Reference kg CO2

% Diff. Design vs.

per area GFA

eq. per area GFA

Reference

area GFA
327,436.4

269,628.8

A4-A5: Construction process stage

36,979.4

36,413.0

B2: Maintenance & B4: Replacement

237,221.7

120,422.1

B6: Operational Energy Use

% Diff.

-

275,373.8

18% B7: Operational Water Use

87,417.8

87,417.8

0%

51,798.6

51,772.8

0%

-

53,769.9 -

53,769.9

0%

-

77,008.5

2% C1-C4: End of life
49% D: Materials
D: Energy Export

D: Total - the benefits and loads the beyond system boundaries e.g. reuse, recovery, recycling and energy generation/export potential after onsite consumption. -

-

130,778.4 -

100%

53,769.9

59%

787,258.5

-29%

Total: Sum of all life cycle stages including module D.
Note: B6 electricity plug loads. Embodied carbon of building services are excluded due to national inventory LCA emission factor data gaps.

Upfront Embodied Carbon, Life Cycle Embodied Carbon, and Operational Carbon Results

Design kg CO2 eq. per area
GFA

610,075.6

Reference kg

Multiplication

CO2 eq. per

Factor

area GFA

Design vs

Total upfront embodied carbon (A1-A3, A4-A5)

364,415.8

306,041.8

1.19

Total life cycle embodied carbon (A1-A3, A4-A5, B2, B4, C1-C4, D Materials)

470,859.2

424,466.9

1.11

Total life cycle emissions of B6 (including lifecycle embodied PV and module D energy export to grid)

98,190.9

275,373.8

0.36

Total life cycle operational carbon (B6 + B7)

87,417.8

362,791.6

0.24

0.8

1.0

0.77

Number of times either greater or less than the concept design 5 Systems Kāinga Ora business as usual reference building
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Benefiting Kāinga Ora occupants/customers
Fuel poverty is a real issue for many of the people we house. For Kāinga Ora net zero energy represents more
than just a reduction in carbon emissions. It also means that the families living in these homes will not
experience fuel poverty or need to worry about creating a healthy and comfortable environment for their
family to live in.
Carbon performance compared to international benchmarks and a 1.5oC carbon budget
Graph 4 below illustrates where the CLT building performs in comparison to the 1.5°C budget and a number of
international benchmarks (including the recently released Danish Carbon Targets).
The results show both the lifecycle embodied and operational carbon impact of the buildings, including with
and without biogenic carbon sequestration.
In the CLT building, biogenic carbon sequestration results in approximately a 45% reduction in lifecycle
embodied carbon compared to its non-biogenic counterpart. This illustrates the important role future
plant/bio-based materials play and the role buildings can have in a transition to a net zero carbon future.

Graph 4: Comparing the Ngā Kāinga Anamata programme’s typical construction and the Passive House CLT and photovoltaic solution to
international benchmarks and the New Zealand specific 1.5oC science based carbon budget/target for new residential construction.
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Render of Ngā Kāinga Anamata buildings – five different construction materials – Source: Context Architects

Reducing the Embodied Carbon of Construction
Embodied carbon has been a key design consideration and a key performance indicator for Ngā Kāinga
Anamata from the outset, and the programme aims to demonstrate how embodied emissions reductions can
be made through selection of materials and methodologies of construction. Graph 5 and the accompanying
data tables below show the Passive House, CLT, Net Zero Energy solution (developed design) is designed to
provide a 58%% reduction in whole-of-building, whole-of-life emissions when compared to the New Zealand
industry standard approach to construction of this type of CLT building (concept design).
Graph 6 shows the top 20 building materials that are make up 90% of the developed design’s total lifecycle
embodied carbon. Note that both the photovoltaic array and the carpet are significant contributors, being the
first and third highest respectfully.
Embodied carbon reductions will be achieved primarily though the programme’s main variable, five different
structural systems; precast concrete (PC), light gauge steel (LGS), lightweight timber frame (LTF), mass crosslaminated timber (CLT) and a hybrid light/mass timber (LTF+CLT) based on learnings from the other systems.
The Concept Design stage precast concrete result showed approximately 70% of the embodied carbon is
contained in the buildings concrete structural system. However, a key driver of this project was to demonstrate
all standard forms of construction can achieve the proposed final cap for the Building for Climate Change
programme (a programme set in place by the NZ Government) and transition to a low carbon future. This is
important, as timber supply chains cannot meet demand exclusively, and there is a desire for all parts of the
sector to decarbonise.
Kāinga Ora – Homes and Communities
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Graph 5: Comparing the lifecycle carbon impact of the developed design (Passive House + CLT + Net Zero Energy) building design with a New Zealand industry standard CLT building (concept design).

Life Cycle Stage

Design kg CO2 eq. per area

A1-A3: Product stage

GFA

Reference kg
CO2 eq. per

Life Cycle Stage

area GFA
506.9

474.3

A4-A5: Construction process stage

57.2

57.0

B2: Maintenance & B4: Replacement

367.2

213.7

B6: Operational Energy Use

% Diff.

-

6% B7: Operational Water Use
0% C1-C4: End of life
42% D: Materials

1,309.7

-

D: Energy Export

-

D: Total - the benefits and loads the beyond system boundaries e.g. reuse, recovery, recycling and energy generation/export potential after onsite consumption. -

Design kg CO2 eq.

Reference kg CO2

% Diff. Design vs.

per area GFA

eq. per area GFA

Reference

135.3

191.8

-42%

80.2

63.1

21%

83.2 -

90.0

-8%

119.2

202.4 -

-

100%

90.0

56%

2,219.6

-135%

Total: Sum of all life cycle stages including module D.
Note: B6 electricity plug loads. Embodied carbon of building services are excluded due to national inventory LCA emission factor data gaps.

Upfront Embodied Carbon, Life Cycle Embodied Carbon, and Operational Carbon Results

Design kg CO2 eq.
per area GFA

944.4

Reference kg CO2 Multiplication Factor
eq. per area GFA

Design vs Reference

Total upfront embodied carbon (A1-A3, A4-A5)

564.1

531.3

1.06

Total life cycle embodied carbon (A1-A3, A4-A5, B2, B4, C1-C4, D Materials)

728.9

718.1

1.02

Total life cycle emissions of B6 (including lifecycle embodied PV and module D energy export to grid)

271.0

1,309.7

0.21

Total life cycle operational carbon (B6 + B7)

135.3

1,501.5

0.09

0.4

1.0

0.43

Number of times either greater or less than the concept design 5 Systems Kāinga Ora business as usual reference building

Design (Passive
New Zealand BRANZ/Massey University 1.5°C carbon budget for new residential construction

House + PV Net
Zero Energy + CLT)

Number of times either greater or less than the OPERATIONAL CARBON component of the New Zealand BRANZ/Massey 1.5°C carbon budget per area GFA

Reference Building
5 Systems

1.5°C Carbon Budget

Concept Design

kg CO2 per area GFA

BAU

11.99

11.81

61

Number of times either greater or less than the OPERATIONAL CARBON component of the New Zealand BRANZ/Massey 1.5°C carbon budget per area GFA

1.16

12.91

116

Number of times either greater or less than the New Zealand BRANZ/Massey 1.5°C WHOLE OF LIFE CYCLE CARBON budget per area GFA

5.33

12.53

177
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In addition, key suppliers from each of the respective industries have been engaged to propose options to
minimise the carbon associated with their products. In this way, the project is encouraging suppliers to develop
lower carbon approaches to their common materials palette. Other embodied carbon reduction solutions used
in this development include:
•
•

•

•

Concrete with supplementary cementitious materials (SCMs), reducing the carbon impact of the
concrete by approximately 60%.
Window frames manufactured in NZ from aluminium produced from 100% renewable hydro-generated
electricity in New Zealand. This aluminium is significantly lower in carbon emissions than international
products and is recyclable. Aluminium windows were selected to promote local supply chains research
and development, and facilitate supply of high performance windows at scale.
Materials that are durable, low maintenance, and have a long life were prioritised. Public housing
generally experiences high wear and tear, and needs must be considered against carbon, and cost
(including staff cost of co-ordinating repairs). For this reason, a terracotta rain screen cladding/façade
was selected.
At ~87m2, each unit is almost 50% smaller than the typical market delivered NZ average new home.
Building size efficient homes, whilst still achieving liveability and cultural appropriateness outcomes
related to size and spatial floor plan configuration is a crucial decarbonisation and housing affordability
solution.

It is also worth noting that between the concept and development design stages lifecycle carbon assessments
of the embodied emissions attached to the CLT building increased by 4%. As Graph 6 shows, this was due
primarily to the PV panels, the terracotta rain screen cladding (required to accommodate external insulation,
which is not common practice in New Zealand construction) and an increase in gross floor area due to thicker
external walls as a by-product of the improved thermal envelope. However, these changes resulted in a 55%
and 57% reduction in whole-of-life emissions due to the operational emissions reductions that they enabled
(refer Graphs 2 and 5 respectively, both exclude biogenic carbon sequestration). Special care has been taken to
procure as low lifecycle carbon PV panels as possible. This includes considering the emissions factor of the
country of manufacture’s national electricity grid, and selecting the longest lasting product e.g. 35 year lifespan
as opposed to 20 years, to reduce B4 replacement embodied carbon.

Render of a Ngā Kāinga Anamata building – Source: Context Architects
Kāinga Ora – Homes and Communities
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Graph 6: The top 20 contributions to lifecycle embodied carbon by material for the CLT building (total and per lifecycle stage).
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Local bio-diversity solutions: Going beyond the global
carbon/climate crisis
Ngā Kāinga Anamata addresses the issue of improving biodiversity and resilience, minimising future impacts
from climate change, within the landscape of the immediate site and the surrounding area, by asking the
following questions:
• How can we regenerate the existing ecological overlay, providing much needed fruit and nectar as well as

habitat, shelter and roosting for native birds and invertebrates?
• How can we integrate the design of urban forests as a first principle, as part of the critical infrastructure
and not just a cosmetic afterthought?
• How can we restore and maintain important cultural references and reinforce the local storytelling for
mana whenua (the Māori people with ancestral links to the land)?
• How can we engage mana whenua, the local community and other stakeholders in the restoration process
of this urban site and surrounds to overcome barriers and achieve site and neighbourhood outcomes that
contribute to bird, biodiversity and food corridors, stormwater management solutions, amenity and
wellbeing?
The programme will address these questions through two specific initiatives, the Site and Surrounds
Landscaping and potential integration with the Kāinga Ora Urban Ngāhere (Urban Forest) project.
Site and Surrounds Landscaping
The planting palette for the site references the narratives from the local indigenous tribes (mana whenua) and
surrounding ecosystem. Native species, derived from the historical land coverage, selected for their robustness
and tolerance to long periods of drought, inundation and infrequent maintenance. These plantings will emulate
the forest that was once here.
A key point of reference in the wider surroundings is the Taurere maunga (mountain), the remnants of ‘Te Uru
Karaka o Parehuia’ (the karaka grove of Parehuia) and a nearby wildlife sanctuary, Tāhuna Tōrea. This area was
predominantly a mixed broadleaf native New Zealand forest including a critically endangered Pūriri forest
providing much needed fruit and nectar for native birds as well as habitat, shelter and roosting for common
birds and invertebrates.
A unique characteristic of the development is that it has direct access to the maunga. Within the site, two
pockets of large native plantings bring the natural landscape (representing what was) into the development,
creating a stand of native forest within the urban development. Replicating complementary planting on the
site provides a connection with the maunga for both people and birds. Ngā Kāinga Anamata aims to celebrate
and highlight this connection through storytelling and working with mana whenua on the overall design.
Kāinga Ora Urban Ngāhere project
Urban Ngāhere, or urban forest, includes all the trees and vegetation in an urban area, native and introduced,
now and into future generations. The Urban Ngāhere project broadens the focus to include mara kai (food,
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forest and gardens). The project aims to increase ngāhere coverage and tree canopy, working with existing
customers to engage them in the project and to work with others for wider transformational change.
A demonstration of the Urban Ngāhere project is being tested in another area of Auckland currently, and the
aim is to expand the applications and learnings from this project to Ngā Kāinga Anamata where possible.
Other planned solutions to increase both site and community resilience include:
• Transforming the existing street facing grass berms into a native biodiversity corridor with a mixture of

•
•
•
•
•
•
•

•

•

•

native trees, shrubs and planting, incorporating Rongoā Māori medicinal plants. These corridors will be a
collaborative co-designed project in conjunction with residents and local community stakeholders, with
potential funding from local government bodies.
Integrated rain gardens throughout the streetscape of the development to manage stormwater and
improve overall resilience of the site.
Vegetable gardens with composting facilities within the community park area.
Nature play areas with natural features and materials for free play.
Shared amenities such as a community centre and communal laundry.
Trees and planting removed from other Kāinga Ora development sites reinstated on site where possible.
Permeable paving surfaces in car parking areas to mitigate stormwater runoff.
Implementing the Miyawaki methodology in the forest areas, creating urban forest ecosystems ten times
faster than a typical regenerative forest growth. This method takes its inspiration directly from processes
and diversity in nature, creating a habitat that will become more complex over time, attract more
biodiversity and have the potential to sequester more carbon than a typical native stand of trees. This
method could potentially be implemented on the full extent of the maunga with mana whenua approval.
Involving and maintaining a close relationship with indigenous focused social enterprises supporting Māori
employment opportunities, creating and developing skills and jobs within communities working to
implement and maintain the planting within the projects.
Addressing the issue of equity and climate justice, by increasing tree canopy and coverage on the site and
surrounds (as generally wealthy neighbourhoods in Auckland are greener than areas with a higher density
of public housing).
Exploring implementation of the Living Building Challenge Habitat Exchange imperative, whereby an equal
area to the Ngā Kāinga Anamata site will be set aside to be planted, regenerated ngāhere, and maintained
in perpetuity in cooperation with mana whenua and local government.

Render of Ngā Kāinga Anamata buildings including landscaping - Source: Context Architects
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Tāmaki Makaurau Auckland Overview – Site Location
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Planting Palettes – Local Indigenous Ecosystems
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Ngā Kāinga Anamata site overview – looking over Taurere maunga (mountain)
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Render of Ngā Kāinga Anamata buildings - Source: Context Architects

Ensuring benefits are realised through as-built and postoccupancy monitoring and evaluation
Whilst Ngā Kāinga Anamata is currently in the final stages of design before progressing to construction in early
2022, funding has been committed for a comprehensive post-occupancy evaluation and monitoring
programme. Critical to the programme’s outcomes is to verify the design performance and expected benefits
are achieved and delivered to the occupants of these homes.
This is in addition to the Passive House Certification quality assurance (site observation, airtightness testing,
mechanical ventilation, and heating recovery commissioning).
Specific performance testing will involve:
•
•
•
•

•

Indoor Environmental Quality: hourly temperature, humidity, indoor CO2 monitoring of living rooms
and bedrooms.
Sub-hourly monitoring of electricity use at circuit level.
Post-occupancy evaluations/interviews.
A detailed schedule of quantities will also be prepared by the project quantity survey team in
accordance with the Royal Institution of Chartered Surveyors (RICS) Whole Life Carbon Assessment for
the Built Environment methodology for tender level embodied carbon calculations.
As-built records of the building fabric, construction programme, man-hours to complete, etc.

In addition, Kāinga Ora is partnering with New Zealand’s Building Research Association (BRANZ) and is planning
to conduct both tracer gas infiltration measurement and a co-heating tests of each building.
These strategic partners will also act as publication and media channels to distribute learnings and information
to the New Zealand construction sector, influencing industry transformation.
Kāinga Ora – Homes and Communities
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Industry impact and the potential for transformation:
Creating a market for sustainable construction
Ngā Kāinga Anamata is a leading-edge programme forming part of the New Zealand Government’s plan to
transform the construction sector and transition to a 1.5°C net zero carbon economy (the ‘Building for Climate
Change’ programme). Buildings and construction are responsible for 20% of New Zealand's carbon emissions
through demand for materials and energy. Quick and deliberate action is required to significantly improve the
performance and reduce the carbon of buildings throughout the country. New Zealand's construction sector is
complicated and fractured, this effort therefore requires collaboration from Government policy agencies right
down to the builder on site.
As the Government Urban Development Agency, Kāinga Ora is well-positioned to play a key role as both
champion and coordinator to assist industry transformation to a more sustainable future. Ngā Kāinga Anamata
is being used to tackle the issue of embodied emissions in apartment buildings and to optimise these buildings
for low operational emissions.
Despite the fact that Ngā Kāinga Anamata is only currently nearing completion of the design phase, it has
already had an impact with key industry players who will trial adjustments in their business model during
construction. Initial findings from the programme have helped to shape emissions caps proposed as part of the
New Zealand Government’s Building for Climate Change programme and Ngā Kāinga Anamata has given the
Government the confidence to go harder and faster in adoption of its low carbon emissions targets.
The New Zealand construction industry is coming off a low base in terms of performance quality, and as such
Passive House represents a major uplift. This is both a key programme opportunity and risk. Therefore, a
capability assessment for key suppliers and builders was carried out and considered as part of the procurement
plan. Key suppliers engaged with include:
-

Windows and doors
Mechanical Ventilation Heat Recovery Systems

In particular, industry bodies were engaged for strategic advice and identification of ‘best in class’ businesses
to workshop each building design and test design assumptions. Efficiencies, savings and improvement in the
design and delivery of each building were identified. Thanks go to:
-

Wood Processors and Manufacturers Association - CLT Manufacture
Concrete NZ - Precast Manufacturer
National Association Steel Housing - Light Gauge Steel Engineer
PreFabNZ – Light Weight Timber Panel & Pod Manufacturer

As a part of the New Zealand Government’s Building for Climate Change Programme findings from Ngā Kāinga
Anamata will be used to inform future building code revisions. Full construction details will be developed and
shared so this higher performance / lower carbon construction method can be used across the Kāinga Ora
pipeline and support upskilling / higher performance building across the sector.
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Additionally, Kāinga Ora has partnered with the New Zealand Government / Industry Construction Sector
Accord, Passive House Institute of New Zealand, the New Zealand Green Building Council and the Building
Research Association of New Zealand (BRANZ) to utilise findings from the project and act as knowledge
transfer channels to speed up industry transformation.
The design stage data is planned to be shared with the industry in early 2022, with construction stage data
shared in 2024. Ongoing performance data will be shared with the construction sector once the development
has been completed. This data will help inform industry discussion and decision-making and will influence
thousands of construction projects in New Zealand between now and 2030.
Knowledge dissemination for industry change
Ngā Kāinga Anamata clearly demonstrates that high performance homes can be built from all of the five
systems designed in the programme, addressing a large portion of the whole-of-life carbon footprint. Low
carbon materials and methodologies available today can deliver significant reductions to the embodied carbon
footprint of buildings. Furthermore, the expected construction cost premium is a fraction of the whole-of-life
savings provided by the improved design.
A significant observation stemming from engagement with the sector on Ngā Kāinga Anamata is the
widespread effort to decarbonise building materials and assemblies across key stakeholders involved. The New
Zealand construction sector is ready to change. Industry bodies have shown research and development, and
new technologies to improve materials through better material properties (e.g. high strength concrete),
cleaner energy generation (e.g. low carbon steel) and new component systems (e.g. high performance
windows and doors).
There is also a growing body of industry interest in high performance homes (e.g. Passive House, New Zealand
Green Building Council’s Homestar, and the NZ Superhome Movement), use of low carbon materials (e.g. mass
timber) and high productivity methods (e.g. off-site manufacturing or OSM) within the construction industry.
None of these methods have become ‘business as usual’ yet, but if they do this could collectively deliver a
major shift toward a decarbonised built environment. Ngā Kāinga Anamata showcases and promotes these
important low carbon solutions.

Render of Ngā Kāinga Anamata building - Source: Context Architects
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Conclusion
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Homes of the Future
Ngā Kāinga Anamata, te reo Māori for “Homes of the Future”, is a Kāinga Ora sustainability-innovation
research and development programme seeking to resolve many underlying problems with New Zealand’s
housing sector, including construction sector productivity; energy hardship; sick building syndrome; and
climate change mitigation. The aim is to understand the holistic cost and benefits by testing the design,
construction, as-built and post occupancy performance of low carbon social housing.
The programme will construct five almost identical apartment buildings, but each from a different structural
system: steel, concrete, light frame timber, mass/cross laminated timber, and a light/mass timber
hybrid. These are what is referred to as the ‘5 Systems’.
Sustainability and lifecycle carbon mitigation has been at the forefront from the programme’s inception. This
started with a concept design (30%) baseline of Kāinga Ora business-as-usual build standard, and then through
developed design (60%) set aspirations for each building to achieve Passive House certification and be Net Zero
Energy through the use of a photovoltaic rooftop array.
When combined with the use of mass timber, specifically the Cross-Laminated Timber (CLT) building, this
trifecta of solutions (Passive House + CLT + Net Zero) reduced lifecycle carbon emissions by 57% on a kg/CO2
per m2 measure excluding biogenic carbon sequestration. This increases to 74% if the biogenic carbon
sequestration of the CLT is included. These reductions show the large impact industry ready and available
solutions such as high performance windows/doors, exterior wall insulation, hot water CO2 heat pumps,
photovoltaic panels, and long-lived or bio-based materials can deliver compared to standard New Zealand
building practices and minimum codes.
However, the COP26 Built Environment Virtual Pavilion is about measuring success and our progress relative to
the future not the past. Compared to a 2050 net zero carbon future, and measuring against a New Zealand
specific 1.5°C science based carbon budget for new residential buildings, even the best performing building
(Passive House + CLT + Net Zero solution) is 1.4-2.4 times the 10.6T budget per occupant housed (including and
excluding biogenic carbon respectively).
Ngā Kāinga Anamata provides many answers, with the trifecta of Passive House + CLT + Net Zero solution
providing a significant leap towards where we must be. The data and learning from this programme will
influence and catalyse system transformation in the construction industry for years to come. However, it also
shows there is more to do, and issues the challenge to do it faster. That challenge, build net zero carbon
buildings that do not emit more carbon than the 1.5°C carbon budget of 10.6 tonnes per occupant, must be
picked up by the next tranche of R&D projects in order to achieve a better future for all.
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