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Summary 

Project and Client 
Auckland Regional Council contracted Landcare Research to prepare a short report 
identifying practical applications for localised sustainable energy and water systems within 
intensified centres of the Auckland Region. This is an important component of a current 
review of the Auckland Regional Growth Strategy and the process of integrating this strategy 
with key issues identified during the Sustaining the Auckland Region Together (START) 
initiative.  
 
Objectives 

·  Review key research and processes on localised sustainable energy and water systems 
and identify current knowledge gaps. 

·  From international and local case studies, identify the practical applicability and 
performance of sustainable localised energy and water systems for intensified urban 
centres. 

·  Underline potential long- and short-term solutions in alternative sustainable energy 
and water infrastructure for future intensified urban forms and communities in the 
Auckland Region. 

 
Main Findings 
Localised infrastructure could include systems ranging from sustainable water or lighting 
fixtures in a building to small roof-mounted wind turbines coupled with community 
participation and changes in socio-behavioural patterns. Research on localised energy and 
water systems has looked at integrated energy and water management, technology 
development, life cycle cost, economic benefits, governance, regulatory issues, quality, social 
policy, and governance.  
 
Numerous examples of these systems are in operation worldwide. We present case studies 
from Germany, Australia, the UK and New Zealand to illustrate successful implementation of 
localised infrastructure. These case studies demonstrate that renewable technologies have 
already been developed and are available for practical application in our urban areas.  
 
Therefore, action needs to be focused on implementation gaps rather than research gaps, as 
research has already demonstrated the strategies and technologies for successful low-risk 
solutions. In short, these implementation gaps exist where targeted policy does not integrate 
with aspirational goals, where too much focus is put on short-term economic planning, where 
there is a lack of willingness for market transformation, where there are perverse regulations, 
and where social awareness and understanding is not addressed through community 
involvement and participation. 
 
Local and regional authorities would have major roles in developing sustainable energy and 
water supplies. Collaborative partnerships for developing appropriate technology-based 
energy and water-efficient infrastructure, formulating appropriate policies, implementing 
plans, and encouraging and facilitating the building of demonstration projects, together with 
increased participation and awareness will steer the future settlement forms towards 
achieving more sustainable built environments in the Auckland Region. 
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1. Introduction 

Sustainable solutions for dealing with urban growth are becoming more important as 
increased population puts pressure on New Zealand’s natural resources. About 85% of New 
Zealanders now live in urban areas and about one-third of the country’s population are in the 
Auckland Region (Statistics New Zealand 2007). Growth centres, larger than town centres 
and of approximately 800 m radius or within a 10 minute walk to facilities (Manukau City 
Council 2007), could function as important nodes for urban consolidation, and larger 
population are likely to live and work in such areas in the future. These centres are designed 
to achieve better land use and transportation integration through compact environments that 
could promote energy conservation through reduced private vehicle use. Such centres would 
generally be located next to railway stations and major transport routes and provide people 
with easier access to public transport.  

Intensified growth centres are designed to be key nuclei of activities in urban areas and 
contain different land uses, such as:  

·  a range of housing choices (apartments, town houses, attached terrace houses) 

·  commercial offices 

·  recreational facilities 

·  educational institutions 

·  entertainment facilities 

·  mixed land use activities (residential and retail; commercial and educational) 

·  public transport facilities (railway station, bus terminus) 

·  green space networks (sports ground; community and neighbourhood parks) 

·  civic spaces.  

Urban growth centres in the Auckland Region currently is supplied with electricity from the 
national grid, which is generated from hydro power, thermal plants and geothermal and other 
resources. In recent years there has been a rise in thermal electricity generation to supply the 
increasing electricity demand, which means greater CO2 emissions and subsequent 
deterioration of the environment (Ministry of Economic Development (MED) 2006a). An 
alternative solution, renewable energy (solar, wind and biomass), could be generated with 
significantly lower environmental impacts, although initial costs of installation of these new 
technologies are at the moment higher than conventional techniques. When life cycle costs 
are considered some of these applications may be associated with attractive long-term 
benefits considering life cycle costs.  

Similarly, water is supplied to urban centres through reticulated systems that include piped 
networks and related infrastructure. Water supplied to the community through the mains 
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supply meets the health standards for drinking water as specified by the health authorities. 
However, only 5% of that water is required for drinking purposes, and high-quality treated 
potable water is used for purposes such as gardening, car washing and toilet flushing. This 
could be effectively replaced by a non-potable supply of water, given that New Zealand in 
general and the Auckland Region in particular receive adequate amounts of rainfall to support 
collection and use of rainwater from roofs of buildings and stormwater for these purposes.  

Other low-impact devices such as bio-swales, raingardens, raintanks, porous paving and 
bioretention systems could reduce pressure on the mains supply and also improve the quality 
of the stormwater that is discharged. However, it is equally important to achieve community 
behaviour changes, as these could help reduce the energy and water demands and contribute 
enormously to achieving greater self-sufficiency and settlement sustainability.  

Ghosh and Vale (2006a) have formulated an urban taxonomy or classification system for 
New Zealand and investigated the integrated environmental sustainability performances of 
some of these urban forms within this taxonomical frame work. Different urban forms  
ranging from “low density low rise”, to “mixed use medium density medium rise”, to “high 
density high rise”, have differing potentials to be sustainable because their varying spatial 
patterns allow different provision of renewable technologies on site. For example, in high-
density residential apartment developments it is not possible to install individual raintanks, 
but this is possible in medium-density developments. While the large roof areas of detached 
or semi-detached houses would be able to provide areas for mounting photovoltaic modules 
for generation of solar electricity, in apartments there may be insufficient space on roofs and 
facades to make good use of this particular technology.  

Decentralised energy and water systems have limitations and opportunities depending on the 
urban patterns of developments and types of activities in the built environment. It is well 
worth investigating how decentralised energy and water systems could be provided most 
effectively for the evolving future urban forms in the intensified growth centres. 

Auckland Regional Council contracted Landcare Research to prepare a short report 
identifying practical applications for localised sustainable energy and water systems within 
intensified centres of the Auckland Region. This is an important component of a current 
review of the Auckland Regional Growth Strategy and the process of integrating this strategy 
with key issues identified during the “Sustaining the Auckland Region Together” (START) 
initiative. 

2. Background 

The long-term practical and environmental benefits of sustainable energy and water systems 
applied in high-density town centres in the Auckland Region need to be set in the context of 
existing legislation and policy. 

In New Zealand, the Resource Management Act 1991 (RMA) focuses on the sustainable 
management of resources and emphasises the environmental effects of activities rather than 
the activities themselves. Under the RMA, all local authorities have a responsibility to 
prepare District Plans and regional authorities to prepare regional plans and regional policy 
statements. Under the Local Government Act 2002 it is mandatory for all councils to have a 
“Long Term Council Community Plan” (LTCCP). National legislation such as the RMA and 
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Local Government Act 2002 has considerable regulatory impacts on the implementation of 
regional policies. The long term practical and environmental benefits of sustainable energy 
and water systems applied in high density town centres in the Auckland Region need to be set 
in the context of existing legislation and policy. 

A recent national initiative for promoting sustainability is the NZ Sustainable Development 
Programme of Action (NZSDPOA) formulated in 2003. This programme (Ministry for the 
Environment (MfE 2003) focuses on four key issues:  

·  Water quality and allocation  

·  Energy  

·  Sustainable cities  

·  Child and youth development. 

New Zealand’s first National Energy Efficiency and Conservation Strategy focused on 
promoting energy efficiency to reduce the effects of energy use in the local environment 
(MfE 2001). The New Zealand Energy Strategy to 2050 establishes the Government's vision 
for a sustainable energy future; the draft is currently in the consultation process (MED 
2006b).  

National level policies such as NZSDPOA, National Energy Efficiency and Conservation 
Strategy and New Zealand Energy Strategy to 2050 could significantly shape existing and 
future urban developments in New Zealand. In particular, exploring possibilities for future 
provision of localised sustainable energy and water infrastructure in high-density urban forms 
within the Auckland Region is closely linked with implementation of the visions and goals of 
these strategies.  

As an important regional initiative to promote sustainability, the Auckland Regional Growth 
Strategy 2050 (ARGS) was adopted in 1999 by the Regional Growth Forum (RGF), a body 
representing all eight territorial local authorities in the Auckland Region. The strategy is a 
major policy document for the Auckland Region and supports quality and compact urban 
environments. It sets a goal of containing 70% of growth to 2050 within the existing 
metropolitan area with growth focused around town centres and major transport routes (RGF 
1999). The ARGS is currently under review to assess the success of its implementation.  

To achieve the goals in the ARGS, Auckland City Council (ACC) developed the Auckland 
City: Growth Management Strategy (ACC 2003). This document classifies three categories of 
priority growth centres:  

·  Priority 1 centres: growth is already underway from 2003/04 onwards  

·  Priority 2 centres: growth will start as required  

·  Priority 3 centres: in areas that would require infrastructure upgrades for growth 
uptake.  

The above growth centres vary in their ability to accommodate sustainable urban growth in 
the city. For example, Priority 3 centres would have the maximum potential to accommodate 
future localised sustainable energy and water infrastructure, while Priority 2 centres could 



8 
 

include the same as required on a moderate basis. Infrastructural upgrades in the Priority 1 
centres would have to be provided through a retrofitting process. Thus the future practical 
applications of localised sustainable energy and water systems in high-density town centres in 
the Auckland Region would also depend on the current status of classifications of the growth 
centres.  

Under the NZSDPOA, MfE initiated the New Zealand Urban Design Protocol (MfE 2005) 
and Auckland Sustainable Cities Programme (MfE 2006) as pilots for sustainable 
development. The New Zealand Urban Design Protocol aims to apply seven urban design 
qualities to reduce unsustainable energy use, traffic congestion, and overloading of 
infrastructure in the urban forms (MfE 2005a, p. 9). It aims to promote sustainable urban 
forms through the application of quality urban design. However, infrastructure required for 
sustainable technologies, such as solar hot water panels, photovoltaic modules, raintanks and 
wind turbines, has considerable impact on the aesthetics of built environments. Appropriate 
visual integration is important for community acceptance and at the same time meaningful 
performance of these sustainable technologies in high-density environments.  

One of the outcomes from the Auckland Sustainable Cities Programme was the suggestion 
that a long-term (100-year) framework of high-level sustainability principles and goals was 
needed to guide regional decision making. As a result, START (Sustaining the Auckland 
Region Together), a collaborative programme between the eight local authorities in the 
Auckland Region, central government agencies, business, and community and research 
sectors, was initiated. The key output from START is the draft long-term sustainability 
framework (LTSF) (RGF 2007) that was released to councils in the region for comment in 
March 2007. The draft LTSF:  

·  identifies six forces (climate change; demographic change; resource availability; 
technological transformations; globalisation; and changing world views) that are 
likely to impact the Auckland Region and its community over the next 100 years  

·  provides a vision, principles, goals and key directions for a sustainable city-region 
involving all levels of government and stakeholders to address future challenges. The 
vision is based on four pillars – liveability, prosperity, respect for ecology, and 
resilience 

·  establishes goals and key directions around seven themes: economic transformation, 
environmental quality, cultural diversity and social cohesion, social development, 
energy, the built environment; and integrating urban form and infrastructure. 

There are a number of areas where the LTSF sets goals or directions relevant to the issue of 
localised infrastructure options for high-density centres. The framework identifies the need 
for a regional energy strategy that considers energy conservation, demand management, and 
options for small-scale localised renewable energy supply. It suggests the development of 
best practice infrastructure guidelines and formulation of an infrastructure plan to determine 
the timing and priorities of regional-scale investment.  

Two of the seven goals from the expert group’s discussions for integrating urban form and 
infrastructure are: 

·  Delivery and maintenance of a connected and resilient core network of adaptable and 
flexible infrastructure with a mix of centralised and decentralised systems  
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·  A network of strong, self-sufficient integrated centres and neighbourhoods 
considering their future infrastructure needs and regional patterns (RGF 2006, p. 59)  

The draft LTSF is also being used as a basis for updating and reviewing regional documents 
such as the ARGS and for considering implementation issues, progress, and barriers to the 
uptake of sustainability strategies (RGF 2007). Processes in the START project and the 
Auckland Regional Growth Strategy need to be aligned and the RGF review should be able to 
point to sustainable energy and water infrastructure options for the Auckland Region.  

Achieving the goals of the ARGS will require the development of more high-density centres. 
This report reviews alternative decentralised sustainable energy and water systems for these 
higher-density urban forms from national, regional and international perspectives, and 
examines policy options for facilitating the implementation of such systems in the Auckland 
Region. 

3. Objectives 

·  Review key research and processes around localised sustainable energy and water 
systems  and briefly identify current knowledge gaps.  

·  From international and local case studies, identify the practical applicability and 
performance of sustainable localised energy and water systems for intensified urban 
centres. 

·  Underline potential long- and short-term solutions in alternative sustainable energy 
and water infrastructure for future intensified urban forms and communities in the 
Auckland Region. 

4. Review of Current Research 

Localised energy and water systems are part of the same equation for achieving overall urban 
sustainability, and are to a large extent interdependent.  

4.1 Energy systems 

Current research on localised energy infrastructure for higher-density development covers the 
following topics: 

·  Integrated urban energy management 

·  Appropriate renewable technology development  

·  Innovative sustainable urban design  

·  Sustainability assessment tools  

·  Post-occupancy evaluation of performance  



10 
 

·  Economic cost–benefit analysis  

·  Life-cycle analysis of energy use and CO2 emissions 

·  Social barriers for uptake and community perceptions  

·  Regulatory issues 

·  Institutional framework and governance 

Integrated urban energy management includes all possible energy systems in the built 
environment such as solar, passive solar design, building appliances, building envelope 
design, combined heat and power (CHP), wind and others (US Department of Energy 
Efficiency and Renewable Energy 2007).  

Initiatives to enhance solar generation from roofs e.g. the Million Solar Roofs Initiative in the 
USA (US Department of Energy 2005), 100,000 Roofs Programme in Germany, and the New 
Sunshine Programme and 70,000 Roofs Programme (Japan) (Brown 2001, p. 109) –indicate 
utilising roofs for solar energy collection and use is an important consideration internationally 
(Ghosh & Vale 2006b). The available resources are substantial; e.g. the total household 
rooftop area in New Zealand is exposed to primary solar energy equivalent to about twice the 
total national energy consumed (EECA 2001). In New Zealand, a standard solar heating 
system could supply around 75% in summer and between 25 and 45% in winter of the total 
household water heating energy demands (EECA 2000).  

Distributed solar photovoltaic (PV) systems as resilient energy systems for electricity supply 
could effectively eliminate the costs of transmission and distribution (Steven & Lloyd-Jones 
2005). Comparisons of actual solar performances in national and international solar projects 
indicate that solar technologies could reduce household water heating and space heating 
energy demand by at least 50% (Ghosh & Vale 2006b). A 2006 study from the UK Energy 
Savings Trust suggests that by 2050, microgeneration systems (such as PV panels on 
domestic roofs)) could provide up to 40% of the UK’s total electricity needs (Department of 
Trade and Industry 2006). As micro-power energy avoids the usual grid-based costs, and is 
also competitive with large-scale power stations, it could initiate cultural changes in 
behaviour and cost savings (Micro Power 2007).  

The role of sustainable urban design in conserving energy is always assumed to be achieved 
by designing walkable neighbourhoods with access to public transport, application of urban 
design principles, traffic calming, and appropriate layout designs, all of which reduce 
transportation energy use. Though an enormous amount of work has been done in this area, 
quantitative research into reductions in energy consumption in urban forms by the application 
of urban design ideas has been less explored.  

Assessment methods and tools are available, integrated across multi-disciplinary contexts of 
environmental sustainability, and have been developed at both neighbourhood and building 
scales. Most of the assessment tools are score based but a few are performance based; most 
use an assessment of anticipated performance at the design stage.  

At a building scale the Building Research Establishment Environmental Assessment Method 
(BREEAM) assesses performance of buildings in management, energy use, health and well-
being, pollution, land use, ecology, materials, and water (BRE 2006), while the Building 
Sustainability Index (BASIX) in Australia assesses efficiencies in water consumption and 
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greenhouse gas emissions (NSW Government 2006) using a scoring method. NABERS (the 
National Australian Built Environment Rating System) is a performance-based environmental 
rating system (NSW 2006). Leadership in Energy and Environmental Design (LEED) takes a 
building-life-cycle approach (USGBC 2006), while the Green Home Scheme uses a checklist 
system for assessing the environmental performance of new home designs specifically for 
New Zealand (BRANZ 2006). TUSC (Tool for Urban Sustainability – Code of Practice) for 
New Zealand has three tools – a site tool, a site scoping tool, and a neighbourhood tool 
(under development) – for application at both site and neighbourhood scales (Waitakere City 
Council and MfE 2006).  

Performance-based ratings are important. Bordass et al. (2001) evaluated the post-occupancy 
performance of 16 buildings in the UK. Results indicate that the energy performance of 
buildings designed with a focus on energy conservation was highly variable, ranging from 
excellent to poor relative to typical UK building performance. It is thought that poor 
specification of design criteria and briefing and enhanced design focus on specific low-
energy features rather than on their overall performance and priorities are the reasons for their 
failures (Bordass et al. 2001). Localised energy and water infrastructure are interrelated – 
sustainable water infrastructure contributes to the reduction of energy use.  

High economic cost is associated with the replacement of aging infrastructure compared to 
localised infrastructure, and there is significant energy and chemical (e.g. chlorine) use for 
water service provisions from conventional infrastructure (Mitchell 2004).  

Research has recently been carried out into social barriers to uptake and community 
perceptions, regulatory issues, institutional frameworks, and governance issues in relation to 
energy consumption and savings. Results of qualitative research by Randolph and Troy in 
2007 indicate that socio-demographic and cultural factors generally have a greater influence 
on actual energy consumption in a household rather than dwelling type or household 
structure. An increase in the price of energy is regarded as one means of encouraging more 
careful use of energy and thereby energy savings. The following common community 
perceptions provide a series of barriers to achieving energy savings in the home: 

·  Poor understanding of the costs and benefits of appliances and behaviour  

·  Low priority  

·  Considering energy saving alternatives as impractical  

·  Lack of awareness 

·  Specific problems faced by renters and flat dwellers 

Better education and developing awareness of how to save energy and the subsequent 
financial savings, encouragement of the purchase and installation of energy-efficient 
appliances, enhancement of overall concern for environmental matters, surcharges and 
penalties for heavy users (while ensuring poor and families were not unfairly penalised), and 
energy-saving policies by the Government could improve the energy savings in households 
(Randolph & Troy 2007).  

With regard to distributed energy generation strategies, the New Zealand Parliamentary 
Commissioner for the Environment (PCE) produced a report (2006) describing the state of 
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distributed energy generation in New Zealand. It concluded that uptake in New Zealand 
lagged well behind overseas examples and identified five key barriers: 

·  Limited awareness and understanding 

·  Improper valuation techniques to local energy technologies 

·  Technical challenges associated with design, installation and operation of local energy 
systems 

·  A lack of capacity in the energy sector  

·  A need for coordination and funding for demonstration projects 

·  Institutional and regulatory barriers for New Zealand were also highlighted, along 
with definitive strategies toward removing them. 

 

4.2 Water systems 

Current research trends linked to localised water infrastructure for high-density urban areas 
can be listed under the following research areas: 

·  Integrated Urban Water Management (IUWM) 

·  Water quality and human health 

·  Appropriate design and technology development 

·  Low-impact urban design and development  

·  Assessment methods and performance 

·  Wastewater recycling and reuse  

·  Economic benefits and life-cycle costing 

·  Social barriers for uptake and socio-behavioural patterns towards water consumption 

·  Regulatory issues 

·  Governance 

Integrated urban water management includes water supply, stormwater, and wastewater as 
components of an integrated physical system in an urban development. Both integrated 
demand and supply-side management and utilisation of non-traditional water resources play 
important roles in achieving water sustainability (Mitchell 2004).  

One possibility is increasing the use of harvested rainwater. A recent analysis of future 
demand in Auckland indicates that peak water demand could exceed available water 
treatment capacity by 2016 (Watercare Services 2006). However, research into the 
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microbiological health risks of using roof-collected water in private New Zealand dwellings 
indicates that 50% of such water samples exceed the minimal acceptable standards (Abbott et 
al. 2006). Nevertheless rainwater harvesting is receiving serious consideration. For example, 
the Department of Energy, Utilities and Sustainability (DEUS) in New South Wales (NSW 
2006) has incorporated a rain tank model within the NSW BASIX (Building Sustainability 
Index) design assessment tool. 

A significant amount of research is also being conducted on low-impact design and 
technology stormwater management systems (bio-swales, raingardens, porous paving, and 
other LIUDD devices), rainwater harvesting system design and wastewater management 
(Eason et al. 2005; Pandey et al. 2005; NSW 2006; Sustainable Industries and Queensland 
Government, EPA 2007). Extensive green roofs could provide benefits in sound insulation, 
cost and energy savings by building roof insulation, stormwater mitigation, and moderation 
of ‘urban heat island’ effects. Key barriers to adoption of green roofs in New Zealand are 
lack of technical knowledge on suitability of plants for green roofs in New Zealand, no 
proper green roof industry, no cost–benefit analysis, and public misconception of its 
performance (Simcock 2006).  

Alternative wastewater systems include blackwater (toilet waste) systems e.g. composting 
toilets; greywater/sullage systems (laundry, bath, wastewater, shower, kitchen etc.); reed bed 
systems; nutrient removal systems, septic tanks, and filter systems (sand filters etc.) 
(Government of South Australia 2007). The Environmental Protection Agency in Victoria 
(2007) estimates that a household onsite wastewater treatment system could treat up to 5000 
litres per day. In comparison a household of four people obtaining piped water supply 
generates about 800 litres per day of wastewater (EPA, Victoria 2007). Wastewater recycling 
systems are also being introduced in Australia. In New Zealand, however, we are not aware 
of any serious investigation of wastewater recycling.  

The life cycle costs of raintanks and associated infiltration trenches were compared with and 
found to be of similar cost to conventional approaches to stormwater management for 
retrofitting at Glencourt Place, Windy Ridge in North Shore City (Vesely et al. 2005). 
Mithraratne and Vale (2006) calculated the long-term life cycle energy and CO2 emissions 
for a rainwater system versus reticulated water supply in Auckland and concluded that, 
assuming effective demand management, a concrete raintank system was as, or more, 
sustainable than expanding the reticulated network (Mithraratne & Vale 2006). High-density 
developments, however, may require greater volumes of water than the available impervious 
surface can supply. Dual reticulation systems (network plus raintank) were found to be the 
least cost effective or sustainable of the range of options evaluated (Mithraratne & Vale 
2006). 

Troy and Randolph (2006) conducted research into the extent to which the built form or 
dwelling types and socio-behavioural characteristics of households could influence the 
pattern of water consumption across the city of Sydney, Australia. The Cooperative Research 
Centre (CRC) for Water Quality and Treatment (2006) has also conducted a study of 3500 
residents in different cities of Australia on perspectives of water quality and treatment. These 
projects indicate that community attitudes and behaviours are important determinants of 
water-conserving behaviour. The work suggests it would be valuable to explore water 
consumption patterns in Auckland across household income levels, building typologies, and 
social characteristics. 
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Many regulatory issues are linked with sustainable water systems. For example, health 
departments have regulatory issues and concerns associated with the quality of drinking water 
from rainwater tanks compared with that from reticulated supply. Limited research has been 
conducted on the governance and institutional frameworks required for the implementation 
and application of sustainable water infrastructure in intensified urban centres. 

5. Case Studies  

Case studies on growth centres would include land-use activities such as residential, 
commercial, recreation, educational and entertainment options, mixed land-use activities, 
public transport facilities, green space networks, civic spaces and town centres, all of which 
could function within an intensified centre. A very limited number of case studies are 
available on the application of localised sustainable water and energy systems to public 
transport facilities, green space networks and civic spaces. Therefore, case studies on these 
land uses are excluded from this report.  

In subsection 5.1, integrated sustainable water and energy case studies are selected from 
international and national urban areas of intensified housing, town centres and commercial 
buildings. The case studies are presented comparing project descriptions, partnerships, 
funding sources, cost of construction, ownership, awareness-raising mechanisms, localised 
energy and water systems application and performance.  

Subsection 5.2 presents specific examples of Freiburg  in Germany and Jubilee Wharf in 
Cornwall, UK, considering only the energy systems. The technical and performance details of 
a 4-storey solar apartment building at Vauban, Frieburg, are explained, and the section also 
lists the case studies worth considering regarding decentralised energy systems.  

Subsection 5.3 presents a specific example of the Landcare Research building at Tamaki, 
Auckland, as a case study of a commercial building using localised water systems and low-
impact technology. This section also lists those case studies that are worth examining 
regarding decentralised water systems.  

Subsection 5.4 presents two emerging residential intensified forms in the Auckland Region: 
Greenwich Park, Grafton, and Addison, Papakura. 

 

5.1 Integrated case studies 

5.1.1 Christie Walk, Adelaide, AUSTRALIA 

Implementation level:  Local urban scale 
Urban form:    High-density housing – apartments/town houses 
Source:    Urban Ecology (2007) and Ecopolis Architects 2006 

Project description 

A medium-density (in Australian context) mixed community and ecological infill housing 
project at 105 Sturt Street, downtown Adelaide, Australia; completed in 2006. Principal 
architect: Dr Paul Downton. ‘Community-driven’ project to maximise environmental 
performance and energy efficiency. 
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Site area:  2000 m² or 0.2 ha. T-shaped site containing 27 dwelling units (four 3-storey 
town houses; one 3-storey block of six apartments with a full roof garden; three 2-storey 
cottages; and one 3-storey town house constructed out of strawbales; 13 apartments in a 5-
storey building with community facilities; 11 spaces of car parking; and a small community 
garden). Total expected number of residents after completion: 40 

Population density:  200 people/ha 

Dwelling density:   135 dwellings/ha 

House sizes:    55 –160 m² 

Productive landscape area:  700 m² 

Productive roof area:   170-m² roof garden) 
 

Partnerships, funding sources and cost 

·  Urban Ecology Australia Inc. (UEA), a non-profit educational association 

·  Wirranendi Inc., a development cooperative and community support organisation  

·  Substantial voluntary and user participation in the development process 

·  Non-profit development structure, private investment and ethical investment base 
from Community Aid Abroad, Ethical Investment Trust and Bendigo Community 
Bank 

·  Total project cost: A$7,500,000 

Ownership and awareness-raising mechanisms 

·  Wirranendi Inc. owned the land during construction, and individual properties were 
given a community title after sale; each purchaser owns their own dwelling and has 
shared ownership of the landscaped community areas including a productive 
community garden and roof garden, community house with a kitchen, small general-
purpose hall, and a laundry 

·  Encouraged community participation in design, planning, development and 
management processes 

·  Information distributed in electronic and printed media; publication of international 
books, independent film-makers; interactive DVD, consumer awareness programmes 
in schools and universities, and several presentations at conferences 

Energy systems 

·  Though electricity is available from the mains grid, photovoltaic panels set on roof 
pergolas will generate onsite localised solar electricity for sale to the local energy 
utility. The site will function as a net energy exporter and is expected to supply a larger 
share of annual electricity demand of the eco-dwellings with lower energy 
requirements for space and water heating, cooling or lighting. Electrical backup of all 
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solar hot water systems is powered by photovoltaic arrays. Apartments have a shared 
system with banked solar panels and a gas-fired-boiler backup. 

·  Passive solar design using appropriate solar orientations for the dwellings to maximise 
the natural space heating. Preliminary energy modelling of the town houses suggests 
they require only 1 kW of energy input on the coldest day of the year. 
Electrical Energy use (kWh) per person per day: 

– 1-person homes 6.28 kWh (all-electric South Australia (SA) average 14.97 
kWh) 

– 2-person homes 5.20 kWh (all-electric SA average 10.07 kWh). 

– Total electricity used in 2005 in Carlin town house is 859 kWh. 

Water systems 

·  All water remains onsite 

·  Community laundry to minimise total washing machine use 

·  Storm/rainwater is captured from roofs, car parks and paved areas and is stored in two 
20,000-litre tanks under the car parks 

·  Use of storm/rainwater for irrigation of community gardens and to supplement toilet 
flushing (supplied by purple-coloured pipe networks) 

·  Permeable paving and open garden areas to maximise direct use of rainfall
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Christie Walk, Adelaide, Australia 

 
 

Fig. 1 Christie Walk, inner-city high-density development. 

Source: Commonwealth of Australia (2005)  
           
       Fig. 2 Christie Walk, pathways. 
       Source: Commonwealth of Australia (2005) 
          
 
 
 
 
Fig. 3 Solar hot water heaters on town houses. 
Photo by Sumita Ghosh 
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5.1.2 Beddington Zero Energy Development (Bed ZED), UK 

Implementation level:  Local urban scale 
Urban form:    High-density housing – apartments/town houses 
Source:    Bio Regional Group (2007a) and (2007b).  

Project description 

·  A multi-award-winning mixed-use, mixed-tenure development and the largest carbon- 
neutral eco-community in UK 

·  Located at Helios Road, Wallington, Surrey, SM6 (London Borough of Sutton) 

·  Completed in 2002, principal architect: Bill Dunster 

·  Includes innovative approaches to energy conservation and environmental 
sustainability and is designed to address environmental, social and economic needs 

·  Site contains 82 residential. homes, buildings for commercial use (e.g. workspace for 
100 people), an exhibition centre, a children's nursery, and a show flat for visitors to 
experience their stay in Bed ZED 

Partnerships, funding sources and cost 

Peabody Trust (206) in partnership with Bill Dunster Architects and BioRegional 
Development Group. The Bioregional Development Group are a collection of environmental 
consultants and local authority planners seeking to develop an understanding of appropriate 
sustainability benchmarks for building planning permission processes. 

Ownership and awareness-raising mechanisms 

·  A mixture of tenures include 34 homes for outright sale, 23 homes for shared 
ownership, 10 homes for key workers and 15 homes at affordable rent for social 
housing. BedZED also has a further 14 galleried apartments for outright sale 

·  The project demonstrates imaginative ways of creating employment and funding the 
provision of affordable homes, with grants from the Housing Corporation supporting 
the development of the homes for shared ownership. Peabody also worked hard with 
Sutton Council to ensure the properties available for shared ownership were as 
affordable as possible. 

·  Peabody Trust has produced a residents' handbook and a green lifestyles officer at 
BioRegional offers advice to residents. BedZED has become an excellent learning 
centre for sustainable development, attracting considerable local, national and 
international media coverage and interest. 

Energy systems 

BedZED receives power from a small-scale combined heat and power plant (CHP) that 
utilises the heat produced as a by-product of generating electricity. At BedZED, heat from the 
CHP provides hot water, which is distributed around the site via a district heating system of 
super-insulated pipes. The CHP plant at BedZED is powered by off-cuts from tree surgery 
waste that would otherwise go to landfill, providing a carbon-neutral fuel. BedZED's 10-year 



 

target is to produce enough electricity from photovoltaic (PV) panels to power 40 electric 
vehicles. Using PV electricity to replace petrol reduces payback period to 13 years from 75 
years. The project is intended to be a net exporter of renewable energy from solar power. 

·  Hot water heating is about 45% less than conventional housing. 

·  Electricity for lighting, cooking, and all appliances is 55% less than conventional 
housing. 

·  Water consumption is about 60% less than conventional housing. 

Water systems 

BedZED seeks to reduce treated potable water demand by more than 50%. Rainwater is 
collected from roof surfaces and stored in underground tanks for irrigation and toilet flushing. 

An ecological onsite foul-water treatment system was added to the development after a 
statutory water authority agreed that it would adopt and operate the completed system. The 
system treats the water to a high enough standard for it to feed recycled ‘green water’ as a 
supplementary feed into the rainwater storage tanks. 

Surface water runoff is handled using SUDS (sustainable urban drainage system) principles. 

 

Fig. 4 Bed ZED rainwater and recycled water use. 
Source: Bio Regional Group (2007a) 
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Fig. 5 Bed ZED street façade, high-density development. 
Source: Bio Regional Group (2007a)  
       

Fig. 6 Passive solar design, PV panels and natural ventilation shafts.  
Source: Bill Dunster, Bio Regional Group (2007b) 
 



 

5.1.3 K2 Apartments, Melbourne, AUSTRALIA 

Implementation level:  Local urban scale 
Urban form:    High-density housing – apartments/town houses 
Source:    The Office of Housing (2007) 

Project description 

A new benchmark in ecologically sustainable and socially responsible medium-density 
(Australian context) public housing, with a minimal environmental footprint through 
reducing energy and water consumption, use of recycled and reused materials and a 200-year 
lifespan (long-term design consideration of life cycle costing). 

·  Location: Raleigh Street, Windsor, Melbourne 

·  Completed: 2006 

·  Architect:  DesignInc Pty, Melbourne 

·  Site area:  4800 m² or 0.48 ha 

·  Site has two 4-storey and two 8-storey-high buildings containing 96 residential units, 
community room, and 52 car parks. Residential units consist of 40 two-bedroom units 
(21 fully accessible units) and 56 one-bedroom units (25 fully accessible units) 

Partnerships, funding sources and cost 

·  Developed in partnership with the State Government of Victoria, Australia, 
Department of Human Services and the Office of Housing, Property Services and 
Asset Management 

·  The Office of Housing manages or provides funds for public housing. This project has 
been funded by the Office of Housing 

·  Cost: A$32.3 million 

Ownership and awareness-raising mechanisms 

·  Owned by the Director of Housing as the landlord and managed and maintained by 
non-government, not-for-profit housing agencies through tenancy management 
contract arrangements 

·  This public housing property has tenancy agreements with public housing tenants 
(low-income households meeting income and asset eligibility criteria). Tenants pay a 
rebated rent lower than the market rent. 

·  The Office of Housing has tenant participation and awareness programmes with the 
objective of creating a sense of responsibility for the rented property and the 
community. 

Energy systems 

Anticipated electricity use is estimated to be 55% less per year than a standard development. 
Renewable Energy provides 10% of total electricity, which comes from the photovoltaic 
panels installed on the north-facing building roofs and pods facades. 
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The flat-plate solar collector array is designed to meet at least 50% of the domestic hot water 
demand with the 130-m2 collector or roof catchment area. Annual 46% gas energy saving 
from the solar hot water system.  

Energy-efficient fluorescent light fittings are installed in the buildings. A central gas-fired 
hydronic natural convector heating system provides better indoor air quality and lower energy 
consumption. 

Water systems 

The anticipated potential water reduction from the mains water supply compared with a 
standard development is 53% – a saving of approximately 44% per person per annum 
(excluding landscaping) and 68% including landscaping. Systems include:  

·  water-efficient fittings reducing consumption by 28% 

·  rainwater collection an additional 8% reduction 

·  wastewater reuse for toilet flushing contributes 14% 

·  water-efficient irrigation 3% 

Porous paving and bioretention swales for filtering stormwater are used and planting varieties 
for landscaping are chosen considering solar access to site and low-water-use patterns.  
 

K2 Apartments, Melbourne 

 

Fig. 7 Passive solar design and solar access. 

 Source: The Office of Housing (2007) 
 
 
 
 
 



 

 Fig. 8 North-facing facades with balconies and PV panels. 
Source: The Office of Housing (2007) 
 
 
 
 

 
Fig. 9 Photovoltaic modules and natural ventilation shafts. 
Source: The Office of Housing (2007) 
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5.1.4 Kogarah Town Centre redevelopment, Sydney, AUSTRALIA 
Implementation level:  Local urban scale 
Urban form:    High-density town centre 
Source:    Mitchell (2004, p.38), Kogarah Council  (2007) 
 
Project description 

Town square with mixed land use includes 194 residential apartments, 2500 m2 of 
commercial outlets and 2500 m2 of retail outlets, a public library, 240 m2 of civic exhibition 
space and a town square with parking underground (224 public parking spaces, 230 
residential and commercial parking spaces).  

Location:    The town centre is the primary business area for the   
    municipality and is adjacent to Kogarah railway station. 
Project Manager, Landowner  
and Project Director:  Kogarah Council 
Developers and construction:  Hightrade Pty  
Architects:    Allen Jack & Cottier 
Government funding:   Australian Greenhouse Office, Sustainable Development  
    Authority, Environment Australia 
Commencement:  1997 
 
Partnerships, funding sources and cost 

·  Total project costs A$1,628,000. High capital costs of designing and constructing the 
sustainable water management system (SWMS). 

·  Contributions: 

– SWMS – Urban Stormwater Initiative (A$629,000) and the Clean Seas 
programme 

– Photovoltaics – Australian Greenhouse Office, Australian renewable energy 
commercialisation programme (A$1 million) 

– Energy Efficiency SEDA (A$200,000), Place Management Urban 
Improvement Program (A$426,000) 

Ownership and awareness-raising mechanisms 

Smart metering system – sub-meters are fitted for feedback reports to residents for water 
consumption, which would initiate a positive change to water-efficient behaviour. 

Energy systems 

·  Australia's largest solar-powered medium-density mixed-use development 

·  Demonstration of building integrated PV (BiPV) as a feasible, user-friendly, and cost-
effective approach: 



 

– The direct current (DC) produced from the PV panels is converted into 
alternating current (AC) that can be used within the building or exported to the 
electricity distribution grid. 

– Solar panels are connected using 58 inverters. The solar cells are directly 
bonded onto a standard roofing system. 

– The PV elements are comprised of 1459 cells with a system rating of 161kWp 
(131kWp unisolar amorphous cells, 30kWp BP solar polycrystalline) 

·  Provision of a suite of energy conservation measures within the architectural layout 
and fittings. 
 

Water systems 

Water-efficient appliances are provided in residential and non-residential sections of the 
development. Water is collected from roofs and other stormwater runoff is treated onsite. 
Rainwater is used for toilet flushing, car washing and irrigation of public area landscapes. 

·  Reduction in potable water demand from network supply relative to conventional use: 

·  33% reduction in all residential indoor water demand except toilet flushing 

·  100% reduction for toilet flushing, outdoor car washing and gardening  

·  26% reduction in non-residential demand 

·  Overall potable water reduction by 42% by combined effect of water efficiency from 
rainwater and stormwater use 

There is also a reduction by 85% volume of rainwater and stormwater leaving site. Innovative 
techniques for 'best practice' stormwater harvesting, reuse and treatment are applied. Special 
features include a stormwater filtration system using garden beds with 'eco soil' and a surge 
tank that handles high stormwater flows prior to discharge to the filtration system.  
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 Fig. 10 Kogarah Town Centre.  
Source: Kogarah Council (2007) 
 

 
Fig. 11 Building integrated solar PV. 
 Source: Kogarah Council (2007) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 12 Kogarah 
Town Centre, PV on 
the roof. 
Source: Kogarah Council 
(2007) 



 

5.1.5 Glen Eden Library, Waitakere City, NEW ZEALAND 
 
Glen Eden Library in Waitakere City was designed by architects Warren and Mahoney and is 
owned by Waitakere City Council. It is a council attempt to build sustainable public buildings 
in an environmentally responsive way. The project has an area of 875 m² and total building 
cost is NZ$3.6 million. The council used a coordinated briefing process in order to achieve 
participation of professionals and stakeholders in the design process (Waitakere City Council 
and MfE 2005).  
 
Sustainable energy features in the Glen Eden Library include passive ventilation and cooling 
systems; mechanically operating windows to maintain comfortable indoor temperatures; 
passive solar heating; saw tooth roof to maximise natural lighting; and energy efficiency, 
lighting, appliance systems, timber, and building materials. Onsite stormwater management 
systems in the library include permeable Gobi paving blocks in the car parks and swales for 
reducing stormwater runoff. 
 
One of the important lessons learnt from this project is that once the building is constructed, 
initial performance metrics will vary as sustainable behaviour patterns are embraced by the 
occupants and further opportunities for improvement via better management are identified 
(Waitakere City Council and MfE 2005). 
 

  
Fig. 13 Glen Eden Library, Waitakere City.    Fig. 14 Botany Downs School, Manukau City.  
Source: Waitakere City Council and MfE (2005) 
 
5.1.6 Botany Downs School, Manukau City, NEW ZEALAND 
 
Botany Downs School is a new secondary school that has applied sustainability features in its 
design. The application of sustainable designs in an educational facility could enhance the 
knowledge of the younger generation about sustainability devices and could also promote 
relevant sustainable behavioural patterns.  
 
Features include stormwater harvesting and water reuse for toilet flushing and sports field 
irrigation; high-efficiency heating plant with heat recovery; super-insulated walls and roofs; 
pop-up roofs and connected atria to promote internal cross-flow ventilation and increased 
daylight levels; and renewable energy in the form of solar hot water heating 
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5.2 Energy systems 

5.2.1 Freiburg, GERMANY  
 
Freiburg (pop. 205 000), in south-west Germany, has a long-term-development vision 
embraced since 1986. Freiburg’s municipal council has adopted guidelines for a future-
oriented energy policy that has three pillars: energy conservation; the use of new technologies 
(such as combined heat and power); and the use of renewable energy sources (such as solar). 
The Solarfabrik (solar factory) is a local solar module production plant. The entire factory is 
‘zero emissions’, being powered by 570 m2 of PV, and a rapeseed-oil-fired combined heat 
and power plant. 
  
Freiburg has developed numerous significant projects that use every kind of solar application 
– solar PV (photovoltaics – over 400 installations), solar thermal (for hot water), solar 
sunrooms or ‘winter gardens’, passive solar design, solar cooling, and transparent solar 
insulation, which converts the solar heat that hits a wall into useable thermal energy 
(Dauncey 2003).  
 
The University Hospital cafeteria has installed a rooftop PV system that meets 10% of its 
energy needs, and many schools have solar installations. A new ecologically designed 
settlement of 2000 houses is being built in the suburb of Vauban on the site of an abandoned 
French military base. Europe’s most modern solar housing project, a ‘solar village’ with 50 
solar houses, has been constructed in Vauban at the Solarsiedlung am Schlierberg, designed 
by Rolf Disch.  
 

   
Fig. 15 Solar apartment buildings, Freiburg.     Fig. 16 Details, solar apartment. 
Photos by Robert Vale 
 
These solar houses produce more energy than they consume, and the brightly coloured 
terraced homes use only 15% of the energy needed by Freiburg’s low-energy homes. A 
wood-chip-biomass combined heat and power (CHP) plant supplies the additional heat 
demand that will be required for only a few weeks in a year. All the solar energy is fed into 
the grid, rather than used on the spot or stored in batteries (Dauncey 2003). 
 
The German government had provided subsidised loans until June 2003 under its 100,000 
Rooftops Solar Power Programme. Solar PV is still expensive for builders and developers. 
However, under the German Federal Government’s Renewable Energy Law 2001, energy 
supply companies have to reimburse stored-solar-energy producers at a highly subsidised 



 

price. In addition, the regional power supply company Badenova, jointly owned by a number 
of regional municipalities, offers a solar investment subsidy for customers who want to install 
photovoltaic panels. Freiburg’s solar strategy is powered by the synergy created by the city’s 
vision among many solar players working together and they gain a mutual benefit from each 
other's presence (Dauncey 2003). 
 

 

   Fig.18 Solar PV panel factory, Freiburg. 
      

Fig. 17 Solar Town Hall, Freiburg. 

 
Fig. 19 Solar car port, Freiburg.    Fig. 20 Solar office building, Freiburg. 
Source: Photos by Robert Vale 
 
The 4-storey owner-occupied passive solar apartment building at Vauban, Frieburg, was 
commissioned by the building group ISIS and has been occupied since its final completion in 
June 2002. It has nine maisonettes and four 1-storey dwellings with heated floor areas from 
77 to 145 m². The construction of the flats in the passive apartment building adapts the 
energy-efficient residential building design with ‘passive house’ standard from the single-
family house to the multi-storey residential building. The heating consumption is reduced to 
10% of that for conventional buildings in Germany. Compact design, efficient thermal 
insulation and use of district heating are provided by renewable energy for domestic hot 
water heating and auxiliary space heating reduces primary-energy demand (International 
Energy Agency (IEA) 2007a). 
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Technical systems include:  
 

·  District heating provided by a wood heating plant for domestic hot water supply and 
space heating 

·  Two-pipe heat exchanger system for domestic hot water for every dwelling 
·  Ventilation system with heat recovery and backup heating from a hot water heat 

exchanger 
·  Radiators (hot water and electric) in bathroom and living room 
·  Combined heating and ventilation units supplying fresh air, air heating and providing 

domestic hot water via a storage tank 
·  A 23-m² thermal solar collector array supporting the central heating system – space 

heating and DHW 
·  A 5-kWp PV system, installed by nine of the families of the apartment block (IEA 

2007a) 

 
Fig. 21 Passive solar housing, demonstration project, Vauban, Freiburg. 
Source: International Energy Agency (IEA) (2007a) 
 
Energy performance is expected to achieve: 
 

·  heat demand (space heating: 13.2 kWh/(m²a) and domestic hot water: 12.5 
kWh/(m²a)); yield of solar collector system is 300 kWh/(m²a) 

·  electricity (Ventilation / fans: 5 kWh/(m²a); controls / pumps: 1.7 kWh/(m²a)  
·  lighting and appliances: 27 kWh/(m²a)) (IEA 2007a) 

 
5.2.2 Jubilee Wharf, Cornwall, UK 
 
Jubilee Wharf is a mixed-use development with residences, workshops, and nursery, and is 
located on the riverside at Penryn, Cornwall (UK). Robotmother was client for this project 
and zedfactory had provided consultancy services. The project is worth £3 million and was 
completed in autumn 2006. Jubilee Wharf comprises a nursery, bar/cafe, offices, live-a-board 
facilities, external public spaces and landscaping, 12 rented workspaces, and six residential 
units with external balconies. This scheme has received Sure Start funding and private 
funding and features a 75-kW wood pellet boiler and four 6-kW (24 kW total) wind turbines 
that will generate most of the expected electrical demand. All the space heating and hot water 



 

demand will be met by solar thermal and the wood pellet boiler. Jubliee Wharf will be a hub 
of arts and crafts with rentable workspaces for local people and is committed to using local, 
reclaimed or recycled materials wherever possible (zedfactory 2007). 

 
Fig. 22 Jubilee Wharf, wind power generation, UK. 
Source: zedfactory (2007) 
 
5.2.3 Other energy system examples 
 
Utendorfgasse 7, A-1140, Vienna, is an Austrian Government (BMVIT) demonstration-
project of multi-storey apartments developing a building concept for the implementation of 
passive technology in social housing. It is financed by a semi-official housing company and 
the project was finished in 2005/06 (IEA 2007b). 
 
Ku-ring-gai Council, New South Wales, Australia, is currently developing master plans for 
six town centres (Gordon, Pymble, St Ives, Lindfield, Roseville, Turramurra) that incorporate 
energy-efficiency controls into the planning guidelines in the areas of building design, natural 
ventilation, insulation, lighting and air conditioning. Energy-efficiency controls for town 
centre developments would be provided to developers so that the Council could ensure the 
development of more sustainable buildings (Ku-ring-gai Council 2007). 
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5.3 Water systems  

5.3.1 Landcare Research building, Tamaki, Auckland, NEW ZEALAND 

The Landcare Research building is a commercial eco-building with offices to accommodate 
90 staff members, laboratories, glasshouses and New Zealand’s national collection of insects 
and fungi. In terms of integrated water cycle management, this building has been designed to 
harvest rainwater from the roof and reuse it on site, to reduce stormwater runoff volumes, and 
to minimise mains water use.  

The stormwater devices installed in the building include: a pervious car park (38 spaces, area 
761 m²), a swale/bioretention strip (1.5 m wide and 30 m long), a raingarden (area 18 m²), 
waterless toilets, and raintanks. Water from the car park flows through the swale/bioretention 
strip and it slopes into a sand and peat drainage trench which provides infiltration and 
absorption sites for hydrocarbons, heavy metals, nutrients and other contaminants (Trowsdale 
et al. 2005). 

 

 
Fig. 23 Landcare Research building.   Fig. 24 Raingarden at the entrance. 
Source: All photos on the Landcare Research 
building are by Landcare Research 

 

Fig. 25 Pervious car park with swale.      Fig. 26 Vegetated swale later. 



 

Water from this trench is then delivered to the raingardens 600 mm below the potential 
surface. The native plant species in the raingardens perform roles such as screening and 
reducing soil build-up, filtering sediment, and protecting the soil surface. Little to no water is 
discharged from the car park and the swale/bioretention system into the reticulated 
stormwater system after passing through the raingardens (Trowsdale et al. 2005). 

Roof runoff is collected in three rainwater storage tanks each with a capacity of 25 000 litres. 
The tanks supply water to the smaller high-level header tanks using a pump run by energy 
generated by a 400W wind turbine onsite. Gravity flow from the two header tanks is to 
supply water to flushing urinals, ground-floor toilets, outside water taps, and for glasshouse 
irrigation. The site has mains water supply for backup and for use in fire hydrants (Trowsdale 
et al. 2005).  

Monitored results indicate that between 18 August and 6 November 2006, 227.7 m³ of water 
was consumed. Though a toilet malfunction resulted in leakage of 14.1m³ of stored rainwater, 
32.4 m³ of rainwater was supplied to the toilet header tank, 70.2 m³ of rainwater was supplied 
to the glass houses, and 125.1 m³ of water was drawn from the mains supply. Thus 45% of 
the total consumption was from rainwater and 55% from the mains supply. Despite the larger 
water demand in glasshouses and laboratories, water consumption performance of the 
Landcare Research building is similar to or better than the targets of commercial office 
buildings, and rainwater harvesting has certainly reduced the water demands (Trowsdale et al. 
2007). 

 

 Fig. 27 Raintanks.         
 Fig. 28 Wind turbine. 

The stormwater ‘treatment train’ has also performed well. For an event on 24 January 2006 
when 41.8 mm rain fell, less than 10% of the water was discharged to the stormwater system 
from the catchment (Trowsdale et al. 2007).  

‘Landcare Research building has provided a successful demonstration of what can be 
achieved to address urban water balance…Monitoring of ongoing to better understand and 
fine tune the systems and provide an integrated –urban –water-cycle benchmark performance 
measure for commercial buildings’ (Trowsdale et al. 2007). 

5.3.2 Other water system examples 
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West Wyck, urban village in Melbourne, Australia, is an example of retrofitting an inner-
urban infrastructure that had lost its original function as a school. The five new houses on 
Hunter St are designed to have 5000-litre rainwater collection tanks and tanks are also 
planned for the main school building. A CSIRO research project based at the site found that 
the two operational apartments consume approximately 64% less water than the average of 
other similar-style housing in the Yarra Valley Water area. This is also related to behavioural 
changes that are really important to success (West Wyck 2007). 

Talbot Park, Glen Innes, Auckland, New Zealand, is an intensified mixed-type (stand-
alone units and large family homes, town houses, and apartment blocks) social housing 
development on a 3-ha site developed by Housing New Zealand Corporation (HNZC). The 
estate consists of 219 houses, of which 111 are new and the others are refurbished. Raintanks 
with a dual water supply system have been installed in four terrace homes (small tanks, 3500-
litre capacity) and in one large apartment block with 24 units (one large 50 000-litre tank 
installed underground). The raintank water is used for toilets and outdoor taps, with 
reticulated water for the rest of the house (Scott 2007). 

 
Fig. 29 West Wyck, Melbourne. 
Source: West Wyck (2007)   
       Fig. 30 Talbot Park, Auckland. 
              Photo by Jack Liu 
       
Fig Tree Place, Newcastle, New South Wales, is a 0.6-ha urban-site medium-density 
residential development with 27 housing units, and has been occupied since 1998. The 
stormwater system has four communal underground rainwater tanks of 8–10 kL, fitted with 
first-flush devices. All roof runoff is collected, except the first flush, and the rainwater tanks 
provide in-house hot water and toilet flushing. Estimated long-term internal potable water 
usage reduction is 45%, and combined internal and external reduction is 60% (Mitchell 2004; 
Australian Greenhouse Office 2007a). 
 



 

 
Fig. 31 Fig Tree Place, New South Wales. 
Source: Australian Green House Office (2007a) 
 
5.4 Intensified developments in the Auckland Region  

·  Greenwich Park, Grafton and Addison, Papakura in Auckland, New Zealand, two 
emerging intensified residential urban forms, were analysed by Ghosh and Vale (2007) in 
terms of applied urban design principles; design characteristics including street patterns, 
subdivision layouts and open space provisions; density of development; potential and actual 
renewable energy use and available transport options. Grafton and Addison are the results of 
implementation of the Auckland Regional Growth Strategy (Ghosh & Vale 2007).  
 
Grafton is a mixed-use high-density, gated development with 85 attached predominantly 
two-bedroom 2-storey town houses located very close to the CBD of Auckland. It has a 
calculated site area of approximately 1.53 ha, dwelling density of 56 dwellings per hectare, 
and lot sizes of approximately 300–350 m². In terms of sustainability of the built structures, 
the northern façades of the town houses have a significant amount of glazing compared with 
southern façades. This development allows significant solar gain by passive solar design as 
all town house roofs are oriented towards the north, making a significant portion of the roofs 
solar efficient (Ghosh & Vale 2007).  
 

 
 

Fig. 32 Greenwich Park, Grafton Fig. 33 Unused solar-efficient roof, Grafton�
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Fig. 34 Residential development, Addison 
Source (Figs 32–35): Sumita Ghosh 
 

Fig. 35 Urban design applications 

 
 
The Addison development, a ‘master-planned community’ on approximately 80 ha of land 
and including around 1500 homes, is located adjacent to a suburban growth centre in 
Takanini, Papakura. The average density ranges from 16 to 23 dwellings per hectare, and lot 
sizes vary from 180 m² to 486 m². Under a comprehensive sustainability framework for the 
project, environmental measures include access to facilities, waste recycling and 
management, solar orientation and energy conservation, low-impact stormwater management, 
and biodiversity and planting (McConnell Property 2006). Addison is focused on site 
planning and urban design applications through pedestrian and vehicular segregation, mixed 
residential types on smaller lots, and the creation of a suburban amenity through landscaped 
gardens, streets and open spaces (Ghosh & Vale 2007).  
 
While no energy and water sustainability devices such as raintanks, solar water heaters, PV 
modules, and porous paving are used in these developments, the roof areas of buildings or 
carports have the potential to incorporate a solar water heater of 4 m² per household to supply 
a significant proportion of domestic hot water demands, approximately 50–70%, as 
determined by EECA (EECA 2001). It would also be possible to install PV modules on the 
building roofs or carports to generate electricity. The small spaces around the houses and 
courtyards are inadequate for installation of above-ground individual raintanks, but it is 
possible to have collective raintanks for non-potable uses. However, research indicates 
houses with roof areas below 100 m² are not in any case able to collect an adequate amount 
of rain. 



 

 

6. Discussion 

 
6.1 Successful implementation 

More advanced levels of sustainable design strategies relative to those implemented in New 
Zealand have been put into practice within urban growth centres overseas. There are many 
ways in which a wide variety of renewable energy systems can be used at the small scale 
(microgeneration) in cities. Freiburg city is an exceptional model of how solar energy 
systems can function in future settlement forms. The city demonstrates that it is possible to 
run different types of both new and existing buildings on renewable energy and that it is 
possible to feed all solar electricity generated to an existing electricity grid such that none is 
wasted and batteries are not required. Sustainability is best demonstrated by the fact that the 
SolarFabrik PV panel factory in Freiburg uses renewable energy sources (solar energy and 
rapeseed oil) to manufacture the PV panels that are then installed on local buildings.  

In addition to Freiburg, Jubilee Wharf in south-west UK is an example of the less common 
use of wind power generation in mixed-use urban developments. Integrated PV systems, also 
known as ‘thin-film solar cells’, were applied in Kogarah Town Centre, Australia. BedZED 
also implemented conventional PV systems to supplement power and hot water obtained 
from a community co-generation (Combined Heat and Power) plant using local landscaping 
waste as the fuel. As the final example presented above, Christie Walk in Adelaide and K2 
apartments in Melbourne also receive solar electricity from PV panels. One important lesson 
from these examples is that all of them integrated technology advances with a strong 
programme and vision for reducing energy demand. For example, all the urban developments 
presented as case studies also addressed demand reduction in their design. This includes the 
use of direct solar hot water heating and building envelope design using superinsulation, 
thermal mass, and passive solar orientation.  

The argument for implementation of local water infrastructure (stormwater, water supply and 
wastewater) at intensified growth centres is similar to the above discussion on energy. Proven 
technologies and strategies, such as raintanks, bioretention systems, and water-reducing 
fixtures, have been implemented and demonstrate a high degree of performance success. 
However, although the case studies presented show that New Zealand has adopted these 
water-sensitive features more readily than local energy infrastructure, there is still a large 
implementation gap that must be filled to meet the goals set forth in the Auckland Sustainable 
Cities Programme. Evidence of local-scale water infrastructure is prevalent in all case study 
examples, including projects in the Auckland Region.  

The Landcare Research building successfully applied devices such as a raingarden, raintanks 
and bioretention systems to achieve water conservation and better stormwater quality. 
Rainwater is used for toilet flushing, car washing, and in a water feature at Kogarah Town 
Square, Sydney, while a stormwater system with four underground rainwater tanks serves Fig 
Tree Place, Newcastle, New South Wales. The BedZED development is able to make 50% 
water savings by collecting rainwater from its roofs, while Christie Walk collects rainwater in 
underground tanks under its car parks. The K2 Apartment sustainable water systems include 
water-efficient fittings, rainwater collection, wastewater reuse and irrigation, porous paving, 
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and swales, all on public rental housing for low-income tenants. West Wyck and Fig Tree 
Place in Australia, and Talbot Park in New Zealand demonstrate the recent increase in the 
numbers of practical applications of raintanks and other water-sensitive devices in urban 
developments. These and other projects support the consensus that such techniques could 
provide more sustainable urban water infrastructures.  

Much of the work in New Zealand has been a result of the Low Impact Urban Design and 
Development (LIUDD) programme that has been implemented to design and develop cost 
effective practices using natural systems and low-impact technologies to reduce the 
environmental impacts of developments on the natural water systems. The rainwater tank has 
been already identified as an important LIUDD device and is used in commercial, office, and 
residential buildings and in low- to high-density urban developments. Life-cycle analysis of 
raintanks of different materials conducted by Mithraratne and Vale (2006) indicates that 
concrete raintank systems are more environmentally beneficial and cost effective in the long 
term (100 years) than plastic raintanks as the latter need to be replaced within the life-cycle-
costing timespan (Mithraratne & Vale 2006). 

 
6.2 Role of demand reduction  

As the high density of urban growth centres presents challenging limits on the amount of 
local microgeneration and onsite water harvesting possible, it is imperative that these nodes 
have a strong agenda of energy and water efficiency to meet sustainability goals. Available 
spaces for installing solar energy devices, wind generators, and individual raintanks are 
limited in growth nodes, and a key element in these areas therefore is design that promotes 
energy and water-use efficiency along with systems that advance conservation-minded 
behaviour. Studies have also shown that energy-efficiency improvements (such as insulating 
buildings) are much cheaper to implement than installation of new generating capacity (PCE 
2006).  

All types of new buildings such as commercial, residential, institutional and transport 
terminals in the growth centre areas should be designed using a whole-building approach and 
need to incorporate energy- and water-efficient building components from the foundation to 
the roof. Whole-building design considers all building components and systems during the 
design phase, takes into consideration the building structure and systems, and examines how 
these systems work best together to save energy and reduce environmental impact. 
Appropriate building envelope design (windows, doors, insulation, foundations, framing and 
roofs) can be combined with appropriate design of heating and cooling systems (passive and 
active solar, energy-efficient HVAC technology such as heat pumps); daylighting for interior 
and exterior spaces should be combined with efficient electric lighting; water heating using 
solar energy; energy-efficient appliances and other energy-saving systems mean buildings 
that will use much less electricity and other energy than do conventional buildings. The 
choice of water-consuming fixtures (sinks, toilets, showers) can result in up to a 50% 
reduction in water consumption if behaviour remains constant (Vale & Ghosh 2006). 
Buildings designed for efficiency are more easily able to meet a reduced demand at lower 
costs using clean electricity generated onsite from solar (PV) cells and other renewables (US 
Department of Energy Efficiency and Renewable Energy 2007) as well as from the limited 
amount of water harvested onsite. 



 

On top of design for energy and water efficiency, behaviour can also have a significant effect 
on building energy and water performance. James and Desai (2003), contrasting the 
ecological footprint of a BedZED resident practising ‘typical’ behaviour with one practising 
‘keen’ behaviour, found that keen behaviour can reduce footprints associated with energy use 
in the home by approximately 40% and water footprints by approximately one-third. Demand 
reduction studied anecdotally in advanced New Zealand houses shows that technology and 
design can roughly halve the energy demand of a typical house, while keen behaviour can 
reduce energy demand by a third (Gabe 2006). Social scientists in the UK also claim that 
simple provision and interaction with onsite energy microgeneration can qualitatively lead to 
energy-conscious ‘keen’ behaviour among social hosing tenants with varying antecedent 
awareness of energy conservation (Hub Research Consultants 2005); however, it is to be 
noted that the sample-size of this study was very small. Energy-conscious behaviour that 
would be considered ‘keen’ in the New Zealand environment is being promoted by the 
Energy Efficiency and Conservation Authority.  

Promoting sustainable behaviour for energy and water consumption is a challenge; however, 
there are documented successes that revolve around the insecurity of energy and water 
supply. Publicised supply crises provide increased awareness of conservation, most recently 
experienced in 1998 during a water shortage in Auckland. Beyond crises, having a known 
supply of energy and water drives conservation and awareness; this is best demonstrated 
using one author’s anecdotal experience with water supply on Waiheke Island; having no 
reticulated supply, residents must rely on the limited supply that is available via rainwater 
collection.  

Community awareness and socio-behavioural patterns focusing on rainwater use as a 
sustainable water source, health impacts, policies and statutory provisions, economic benefits, 
and the physical components of a building will all play important roles in the development of 
a more sustainable water infrastructure system. In addition, integrated local energy and water 
systems in buildings, subdivisions, and neighbourhoods could all act positively to make the 
whole system perform more sustainably. Such action would represent a move from the 
current concern with microgeneration (of energy) to the idea of ‘microservicing’, which 
could meet all building servicing needs using onsite resources. 

 
6.3 New Zealand’s implementation gap 

The New Zealand examples presented here do make efforts at demand reduction. The Glen 
Eden Library and the Botany Downs School both claim to have made strong efforts in 
energy-efficient design techniques, including super insulation, daylighting, energy-efficient 
appliance specification, and solar orientation. Similarly, the Landcare Research building has a 
highly solar-efficient layout, a well-insulated building envelope, a thermal mass, a strong 
focus on daylighting, solar water heating units, low-flow water taps, and energy-efficient 
services. Thus, there are signs that some first steps at more sustainable built forms exist in 
New Zealand; however, these developments are not common practice as solar-energy-based 
design is common in Freiburg, which leads to the conclusion that New Zealand has an 
implementation gap. 
 
Based on the examples presented here and on analysis of recent construction in New Zealand, 
it is clear that current urban policies in New Zealand are not resulting in the significant 
uptake of more sustainable design that characterises the overseas examples presented. Ghosh 
and Vale’s (2007) analysis of the urban form at Grafton showed that this high-density 
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development, a product of the Auckland Regional Growth Strategy, had neither sustainable 
onsite energy production nor design that considered energy demand reductions. Analysis of a 
more recent development at Addison, Papakura, showed that a small amount of progress on 
the demand-reduction side has been realised through solar-efficient layout. Both these 
developments are therefore not as advanced with regards to energy performance as the 
overseas examples presented in Section 5.  
 
With regard to the types of local microgeneration implemented in the above case studies, no 
energy or water devices such as raintanks, solar water heaters, PV modules, porous paving or 
bioretention systems are used in Grafton, while Addison was only able to get planning 
permission to adopt bioretention systems for stormwater (the developer was keen for a higher 
degree of community sustainability, but was directed by local government to connect into 
reticulated infrastructure). Analyses of these residential developments indicates that policies 
do influence the emergence of intensified local-scale urban forms (Ghosh & Vale 2007) but 
generating significant positive contributions to environmental sustainability would seem to 
require more targeted policies, perhaps similar to those employed in Germany, in particular 
the Freiburg region.  
 
6.4 Overcoming implementation barriers 

Examples of policy targeting are evident as a driving force in the other case studies besides 
Freiburg, and these efforts can inform potential directions for similar policy shifts in the 
Auckland Region in order to drive implementation of more sustainable practices. For 
example, in addition to developing master plans for six town centres, Ku-ring-gai Council in 
New South Wales, Australia, is running an energy-efficient schools programme in 
partnership with the Australian Greenhouse Office, and councils at Manly, Mosman and 
Hornsby are also developing an energy and water action plan to reduce the energy use of their 
top 20 sites. Strong partnerships among different agencies such as local authorities, power 
companies, community groups, non-profit organisations and government departments 
focusing on promotion of renewable energy technologies will be required to achieve 
successful outcomes from these kinds of programmes.  

A basic principle in developing new energy services is the adoption of an industrial 
management approach that serves the appropriate economic benefit to both customers and the 
supply company. The Renewable Energy Commercialisation Programme (RECP) in Australia 
has a strong commercialisation potential for contributing to the wider development and 
diversification of Australia's renewable energy industry. Government programmes such as the 
Photovoltaic Rebate Programme (PVRP), Renewable Energy Development Initiative (REDI), 
Renewable Energy Equity Fund (REEF), Low Emissions Technology and Abatement 
(LETA), Mandatory Renewable Energy Target (MRET), and Solar Cities demonstrate 
Australian Federal Government initiatives for the uptake of renewable energy technologies 
(Australian Green House Office 2007b).  

These Australian Government policy initiatives are well beyond what is being implemented 
in Auckland and throughout New Zealand. Broad goals are stated in the Auckland 
Sustainable Cities Programme, the Draft New Zealand Energy Strategy (Ministry of 
Economic Development 2006b), and the New Zealand Urban Design Protocol, but they have 
not filtered down to the types of target policy actions demonstrated above that have achieved 
overseas success.  



 

To help implement targeted policy, this report has described the use of three tools directed at 
implementing targeted policy: assessment systems, subsidies, and regulatory legislation. 
Section 4 briefly reviewed some assessment systems; however, only one of them, New South 
Wales’ BASIX, is a mandatory instrument (though Kats et al. (2003) show that voluntary 
systems are occasionally linked to government policy compliance). Most assessment systems 
have been developed for individual buildings only, although the United States Green 
Building Council has developed a version of LEED for neighbourhood developments. Tools 
also vary in their reliance on either surrogate (checklist-type) criteria or direct performance 
measurement in-use. Experience with these various tools in single-building applications has 
shown that direct measurement is better than surrogate provision or simulation (Bordass et al. 
2001) and that mandatory use of tools better than voluntary schemes for delivering 
sustainable outcomes (Gabe 2005).  

 
None of the projects presented in this report used any of the assessment systems mentioned in 
Section 4. However, many of them have been facilitated by the use of subsidies and 
regulatory schemes. Subsidy programmes from both public and private sources have been 
successful drivers for implementing microgeneration, especially in energy systems. German 
experience has demonstrated the effectiveness of using subsidies to promote the adoption of 
solar technology through the central government’s 100,000 Rooftops programme. In addition 
to central government support, subsidies for the purchase and installation of photovoltaic 
panels have also been put in place by the regional government and Badenova, the local 
private power company in Freiburg. The Australian Photovoltaic Rebate Programme 
mentioned above is another example of central government subsidies driving implementation. 
 
Regulatory schemes, such as the German Renewable Energy Law 2001, have also proved 
effective in overcoming economic barriers to implementation. The law is an example of a 
‘buy-back’ scheme and requires the energy supply companies to purchase power generated 
from clean, renewable sources at a higher rate than conventional thermal and nuclear power. 
The German experience suggests that a buy-back rate less than that required to make micro-
scale solar generation financially profitable can still significantly increase adoption rates (R. 
Vale, pers. comm.).  
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7. Practical Applicability in the Auckland Region 

The following local energy systems could be practically applied to residential, commercial 
and educational buildings, and transport terminals in high-density urban centres to achieve 
reductions in non-renewable energy use: 
 

·  Solar energy systems ( solar water heaters and integrated solar PV modules)  
·  Passive solar design (solar orientation, solar access and thermal mass) 
·  Building envelope design (double-/triple-glazed windows, doors, insulation, 

foundations, framing and roofs and use of building material with low life-cycle cost ) 
·  Micro-combined heat and power (CHP) using biofuels 
·  Small wind turbines  

 
Solar energy systems such as solar water heaters and integrated solar PV modules will derive 
energy from the available solar radiation, and these technologies are applicable to existing 
buildings as well as new ones. Application of passive solar design would include appropriate 
building designs and orientations for solar access, daylighting, natural ventilation and high 
thermal mass for heat storage. Buildings designed with well-insulated envelopes such as 
insulation in roof, floors, walls and double glazing in doors and windows could reduce space 
heating energy requirements by 50%. Many of these technologies are usually more applicable 
to new buildings, although insulation and multiple glazing can easily be retrofitted to existing 
buildings, as can energy-efficient lighting fixtures and use of appropriate appliances with 
lower energy consumption. The energy labelling of electricity from different sources, 
renewable, thermal, coal, gas and others, could offer the customer different energy choices 
based on price, quality and environmental impacts.  
 
At a neighbourhood scale, micro-generation from Combined Heat and Power (CHP) plants 
using wood waste can be useful. Similarly, small wind turbines could also provide adequate 
electricity from onsite wind generation. Until now, CHP and small wind turbine technologies 
have had very limited application in New Zealand. BedZED, in addition to some solar 
electricity generation, obtains power and hot water from a CHP running on tree surgery 
waste. Heat from this is supplied throughout the development by a district heating system of 
super-insulated pipes. All these developments supported by energy generation from 
renewable sources make considerable savings, but the failure of the experimental wood-fired 
CHP plant at BedZED makes it clear that some renewable technologies may not be as 
effective in practice as hoped. This is not a reason for avoiding their use, as it is only through 
trials and development that reliable systems will come into the market.  
 
Some of the less common technologies such as heat pumps and bio-fuel CHP did not work 
because they have chosen complex and innovative technologies for development. Examples 
also exist of technologies that have not delivered the expected output owing to site factors – 
the small wind turbines at the Hockerton Housing Project in the UK are an example of this. 
Evidence suggests simple and easy-to-use technologies work better and are more reliable. 
Community behaviour change could reduce energy consumption patterns in an even quicker, 
cheaper and more efficient way.  



 

 
Besides complexity, which is evident at both single-building and neighbourhood scales, an 
additional challenge specific to neighbourhood-scale community schemes is the added 
governance and management strategies needed to maintain efficient and equitable use of 
community resources.  
 
The following sustainable water infrastructure systems could be practically applied to all 
types of land uses in high-density urban centres for achieving reduction in water demand: 
 

·  Raintank harvesting systems for roof rainwater and stormwater collection 
·  Porous paving with porous asphalt and concrete to increase surface permeability 
·  Bioretention systems or swales for stormwater infiltration and detention 
·  Raingardens at kerb bulges 
·  Wetlands and biofiltration ponds�in the�community open spaces and parks 
·  Open space networks for collecting stormwater for infiltration 
·  Water-efficient fixtures and fittings in buildings 
·  Green infrastructure network (green roofs and green streets with vegetation cover ) 
 

Raintanks could be promoted as a sole source of supply as this offers an opportunity to use 
water in an efficient way. Water would be supplied to the community as a limited resource 
and they would automatically develop changed attitudes towards water use. Porous paving on 
the pavements, footpaths and driveways would increase surface permeability. Wetlands and 
biofiltration ponds can be incorporated into the community open spaces and parks, while 
raingardens would provide increased amenity values at zero water consumption from the 
mains supply. Bioretention systems or swales in the centre medians of streets in the 
developments for stormwater� infiltration and detention would help reduce stormwater runoff 
and improve the quality.  
 
Table 5 Density-wise potential application possibilities and implementation confidence 
 High density Medium 

density 
Low density Implementation 

confidence 
Solar PV Marginal Feasible  Feasible  High 
Solar hot water Feasible Feasible  Feasible  High 
Building energy 
Conservation (passive 
design, insulation, 
ventilation and fixtures )  

Feasible  Feasible  Feasible Medium 

Micro-combined heat 
and power 

Feasible Feasible  Marginal Low 

Wind turbines Unlikely Feasible  Feasible  Low 
Roof rainwater 
collection and raintanks 

Marginal Feasible  Feasible  High 

Raingarden Feasible  Feasible  Feasible Medium 
Wetlands and 
biofiltration ponds 

Marginal Feasible  Feasible  Medium 

Bioretention systems Feasible  Feasible  Feasible Medium 
Water-efficient fixtures Feasible  Feasible  Feasible High 
Green roofs Feasible  Feasible  Feasible Medium 
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Water-efficient fixtures and fittings in buildings would reduce water demand, while a green 
infrastructure network, such as green roofs, green streets, and adequate vegetation cover, 
serves to reduce the heat island effect and adds productive land areas that are lost by 
developments. The following matrix provides potential applications of energy and water 
technologies linked to low, medium and high densities in intensified growth centres that are 
most likely to have mixed density patterns of developments. 
 
Achieving meaningful collaborative partnerships between regional local authorities, power 
generation companies, central government departments, research institutions, and other 
private and public organisations will be both essential and highly beneficial for successful 
practical applications and implementations. Community awareness of the need for positive 
behavioural changes towards energy and water conservation would play a significant role in 
the cases of localised infrastructure regarding water and energy systems. While both 
behaviour change and technology could impact significantly on urban sustainability, 
behaviour is likely to make the greater change. Regional and local authorities would require 
the formulating of targeted policies, regulations and programmes for the successful 
implementation of renewable-energy and sustainable-water systems.  



 

 

8. Conclusions: Implementation and Research Gaps  

The research and examples presented in this report demonstrate that existing knowledge of 
localised energy and water infrastructure is already able to provide a significant share of the 
energy and water demands in Auckland’s intensified growth centres. Although there are 
numerous examples of these systems in operation worldwide, there are apparent barriers to 
implementation in the Auckland Region.  

Rather than research gaps, this study argues that it is gaps and barriers to implementation that 
are more relevant to a sustainable urban future. The technology being implemented 
successfully in Freiburg, in Melbourne and at Jubliee Wharf has been available for over 30 
years. The New Zealand Parliamentary Commissioner for the Environment’s report on 
distributed generation concludes that any technical challenges can ‘best be described as 
contextual’ (PCE 2006), meaning that the next steps for development here are to run 
demonstration projects and learn from implementation in the New Zealand context. As for 
integration with existing infrastructure, Freiburg again demonstrates that localised solar 
energy generation can work with the existing delivery grid such that major infrastructure 
improvements are not necessary. Jubilee Wharf demonstrates the same principle with small-
scale wind power.  

The renewed interest in the sustainability agenda has resulted in an influx of research and 
development funding in the area of distributed generation. However, radical improvements in 
existing technologies for use in large-scale urban development are not necessary for 
successful implementation schemes. For example, solar cell development in Germany has 
used existing technology to grow a 3 billion Euro business (Wood 2006). Significant 
improvements in photovoltaic technology, specifically ‘thin-film solar cells’, have worked in 
laboratory settings (Bergmann 1999), but widespread adoption suffers from constraints such 
as the rarity of key ingredients (indium, gallium), and the high costs of purifying silicon. 
Therefore it is common to find existing technology that works and performs under targeted 
policy regimes, as demonstrated in Freiburg.  

Table 5 above demonstrates that many existing decentralised infrastructure options – 
including solar photovoltaics, solar hot water, rainwater collection and installation of water-
efficient fixtures – carry a very low risk in regards to performance outcomes. Additional 
research into strategies and technology is not as necessary as overcoming the barriers that 
prevent existing and proven strategies that mesh with Auckland’s goals (e.g. Auckland 
Sustainable Cities Programme) from being implemented.  

This study has identified four implementation gaps that, if addressed, will enable growth 
centres in Auckland to adopt more sustainable distributed infrastructure:  

·  Auckland must align policy to better match goals with actions. In the above 
discussion, it was recognised that while New Zealand has appropriate goals that 
would favour the use of distributed infrastructure, these remain on a very broad level 
and do not filter down into more targeted policies. Examples of successfully targeted 
policies that implement such goals can be found in Freiburg and Australia.  
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·  A significant barrier to implementation involves too much focus on short-term 
economic planning and an unwillingness to drive market transformation. This latter 
barrier was overcome in Freiburg through government subsidies that resulted in a 
successful partnership between regional authorities and a private solar manufacturing 
company.  

·  There is also a likelihood that perverse council directives and regulations exist that 
actively prevent decentralized infrastructure and therefore conflict with goals. This is 
best demonstrated by the outcome of the Addison study (Ghosh & Vale 2007), where 
the developer was told by local authorities to connect to reticulated services in lieu of 
local servicing. Such barriers need to be removed and transferred to actions that do 
conflict with goals. 

·  Finally, with unfamiliar technology comes a lack of social awareness and 
understanding, and this must be addressed. Very little information is available on how 
this implementation barrier was overcome in Freiburg and the other successful 
examples presented in this study; however, community involvement and participation 
are evident in the widespread uptake of solar technology on existing private houses in 
Freiburg. Therefore, addressing the other three implementation gaps in a framework 
of community involvement and participation will help overcome this barrier.  

The immediate need is to address these implementation gaps. Lessons from the application of 
distributed infrastructure will help fill what research gaps do exist. The most notable research 
gap that will need to be filled is the lack of robust findings that define the limits to energy and 
water consumption in a sustainable Auckland. In a world without fossil fuels, all energy will 
have to come from renewable sources (e.g. wind, solar, hydro, geothermal, marine, biomass), 
and that means there will be a limit to energy (and water) supply. Nevertheless, before this 
research gap is addressed, performance-in-use of successful strategies to harvest renewable 
energy and manage water consumption in Auckland must be understood to give a more 
accurate depiction of these limits. Present efforts therefore need to be addressed toward the 
understanding of these implementation barriers to a more sustainable Auckland, and on how 
to remove them.  
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