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Figure 8.0 A HSFCW wetland at the Guilford County School, Greensboro. NC, USA. Image courtesy of Living Machine®. 
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Wastewater Wetlands

8.1 Summary

This thesis has taken the path less travelled, examining a taboo 
subject (wastewater) through a discipline (landscape architecture) 
not traditionally associated with it. In doing so an “anything is 
possible” approach has been taken to create a wider frame of 
thinking about urban landscapes and infrastructure. This research 
explores emerging theories and technologies that enhance the 
ability of the landscape to manage wastewater and investigates the 
application of those technologies to an earthquake effected city to 
herald the coming of an ecological era. The results of this study 
presents opportunities and concepts for the function of landscape 
to provide one of a city’s most basic infrastructural services in 
ecologic, aesthetic and acceptable ways.

The coming of an international water crisis is the impetus for 
this study, and while “The Garden City” of Christchurch could 
equally well be called “The Fresh Water City”, the need to use and 
recycle water efficiently is global. Demands for New Zealand’s 
food products, mostly dairy, are placing stresses on the country’s 
freshwater resources. The recent earthquakes have exposed 
the vulnerability of municipal systems that supply fresh water 
and convey wastewater and have made people more aware that 
Christchurch is not immune from water problems. With future 
uncertainties such as climate change, sea level rise, peak oil, peak 
water, peak phosphorus, rampant population growth, etc. there is 
an obvious need to make communities and cities more durable, 
more contained, more robust and more resilient.

At the early stage of this thesis a design investigation was 
undertaken to explore the application of design theory and 
ecological technologies to Christchurch’s post-earthquake 
wastewater problems. This investigation adapted the residential 
red zone to become a wastewater recovery landscape, where 
sophisticated eco-technologies processed waste and polished water. 
The red zone was designed as a park consisting of agroforestry, 
urban agriculture, wastewater wetlands and playing fields with 
enhanced education and cultural opportunities. In these concepts 
the findings from the design investigation are generally successful. 

The shortcomings of this design approach was that while treating 
wastewater ecologically with advanced staged planning wetlands 
and controlled environment aquatics it still presented a central 
conveyance structure and did not address the issues of continued 
or future geologic instability or limits of technical capability. 
But the multiple outputs and land uses associated with recycling 
wastewater and using it as a resource did meet the objectives to 
increase environmental sustainability and enhance community 
resilience.

A technical investigation of wastewater conveyance, treatment 
and dispersal/reuse options was undertaken and the components 
were evaluated for their ability to provide more resilient 
systems and follow sustainability criteria. Local knowledge of 
wastewater components was also considered and sustainable 
wastewater pathways were outlined to provide insight into the 
availability, sustainability and acceptability of the components in 
a Christchurch context. It was found that while composting toilets 
and source separation of grey and black water streams were a 
preferred option, the legislative and logistical retrofitting problems 
these options presented did not make it feasible at the present. 
Therefore, pressure or vacuum sewage conveyance systems were the 
preferred path for wastewater conveyance in a systemically active 
zone with a high water table such as Christchurch. The inherent 
characteristic of these systems would require a decentralised 
approach. 

Waste-to-energy technologies and ecological, land-based 
wastewater treatment systems such as wetlands were always 
the central focus of this study. These treatment typologies were 
evaluated against traditional and mechanical systems to compare 
their advantages and disadvantages and sustainability criteria. 
Anaerobic digesters were identified as the preferred method of 
primary treatment as there are several in action in New Zealand; 
they use microbiological activity to convert waste solids to methane 
gas, remove most odours and can be sited unobtrusively and with 
a small footprint. Several secondary wetland treatment typologies 
were evaluated and the horizontal subsurface flow constructed 
wetland (HSFCW) was identified as the most safe, reliable and 
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locally understood technology for secondary treatment. Finally 
several options for tertiary treatment, water recycling and dispersal 
were investigated while the limitations and potential for their 
integration was explored in the sustainable wastewater pathways 
diagram (Fig 3.11).

As this study is framed in the discipline of landscape architecture, 
the spatial implications and design opportunities of the land area 
requirements for wastewater wetlands were discussed in the context 
of landscape theory. This research revealed that adverse cultural 
reactions to wastewater wetlands could be alleviated by aesthetic 
design and that by meeting certain threshold for beauty, safety 
and trust society area bale to better accept the performance of the 
landscape. Landscape theorists go on to support the ecological 
function of landscape and its cross-cultural importance, suggesting 
that through everyday encounters with ecological performance 
landscapes, especially those confronting issues of waste and energy, 
humans can become more emotionally aware of and connected to 
their environment.

These theoretical and technological approaches were evaluated 
through looking at examples of existing wastewater treatment 
landscapes. Four sites were visited in Melbourne, Australia and one 
in Auckland, New Zealand. The sites demonstrated how wastewater 
infrastructure has been acceptably integrated through many scales 
of urban landscapes and how landscape theory has been applied 
to make these performance landscapes more acceptable and 
appreciated.

A spatial analysis of Christchurch’s landscape systems was 
undertaken to inform an approach to a decentralised, land-
based wastewater infrastructure. Living densities, open spaces, 
environmental conditions and rapidly changing city plans were 
evaluated. The outcomes of this analysis illustrated how housing 
densities can be used to determine wastewater catchments and 
developed an indicative approach to defining these catchments. 
This approach was based on a wastewater catchment of 20,000 
people, which would require a land area of 12 ha for wastewater 
wetlands. Open space provisions were also evaluated and it was 

established that for 20,000 people the Council planned to provide 
20 ha of open space. Thus the implementation of wastewater 
treatment wetlands solely on existing open space provisions would 
require a 60% utilisation of that space to accommodate the chosen 
wastewater wetland typology.

Finally, the opportunities for redesign were explored through three 
scenarios: the use of existing open spaces; the creation of new 
open spaces; and the integration of street networks for wastewater 
wetlands. These redesign scenarios revealed several challenges and 
opportunities for the integration of wastewater wetlands in the 
urban context. The scenarios demonstrated the enormous potential 
for varied approaches to help achieve many of the objectives of 
existing open space and transportation planning and policy for 
existing and future developments in Christchurch.

8.2  Conclusion

This thesis examined the urban landscape implications and 
opportunities of wastewater wetlands and through design 
investigations and tested them in the City of Christchurch.  
Wastewater wetlands were identified not as a standalone 
infrastructural element but as a tool in an integrated kit of parts 
that can provide multiple benefits across a range of urban landscape 
systems (Fig 8.1). This section explores the answers to the initial 
research questions. 

1. Can landscape management of wastewater wetlands 
offer a more environmentally sustainable model of dealing with 
wastewater in the urban environment? 

Yes. As revealed in Chapters 1 and 3, the existing wastewater 
conveyance system in Christchurch is prone to disturbances from 
liquefaction and flooding which can consequentially pollute 
the environment with untreated wastewater.  Groundwater and 
stormwater infiltration into the existing conveyance network 
also increases the volume of wastewater being conveyed, thus 
intensifying the amount of energy required to treat it at the 
Christchurch Wastewater Treatment Plant (CWTP). There are 
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Figure 8.1  The performance of wastewater 
wetlands and how it addresses the multiple 
landscape systems. Landscape performance: 
the optimization of a sites geologic, hydraulic, 
biologic, metabolic, circulation and habitat 
systems and the synthesis of those systems as 
a place. (Landscape Architecture Foundation 
2012). Habitat
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three conveyance solutions that can offer a more environmentally 
sustainable model; a pressure system, a vacuum system or a STEP/
STEG system. With the implementation of this model, and in 
light of the land area requirements of HSFCW wetlands it was 
determined that a distributed wastewater treatment network 
would better promote environmental sustainability by reducing 
the distance untreated wastewater needs to travel, thus limiting the 
network’s vulnerability to unforeseen events.

Distributed wastewater networks employing treatment wetlands 
would require extensive landscape management. This research 
determined that the wastewater inputs of no less that 10,000 people 
could contribute to the generation of methane gas, supplying 
40kw of usable energy. Then wetlands could provide secondary 
treatment. While the CWTP does presently harness methane gas, 
most of the energy produced is returned to the plant to power the 
mechanised treatment systems. In contrast wastewater wetlands 
require very little energy inputs. Therefore the gas produced 
during the primary stage of treatment could be used for district 
heating needs or for other public requirements. This “green” 
energy could contribute to the growing demand for energy in an 
environmentally sustainable way.

The land area requirements of wastewater wetland are its biggest 
disadvantage in an urban context. HSFCW wetlands require 6m2/
per person. Through the process of design investigation it was 
demonstrated that energy intensive surface materials such bitumen, 
concrete and grass can be replaced with wastewater wetlands 
which offer an increased level of ecological and social benefits. In 
many cases this retrofit can maintain the existing function of the 
landscape while layering it with an infrastructural element. 

Wastewater wetlands contribute to environmental sustainability 
in many other ways. They absorb wastewater nutrients and 
the organic material removed from wetlands during periods 
of maintenance can later be reintroduced as food for other 
ecosystems. They can increase the number of oxygen producing, 
carbon sequestering plants. They can provide microclimatic 
benefits in urban environments and they can increase bird and 

invertebrate habitat and plant biodiversity. The following two 
questions examine how wastewater wetlands can not only increase 
environmental sustainability but also enhance the resilience of a 
city’s infrastructure while providing multiple social and ecological 
benefits.

2. Can a decentralised network of wastewater wetlands 
enhance resilience to future uncertainties in an earthquake 
prone city?

Resilience can be defined as the ability to recover quickly from 
change. A decentralised wastewater network of wetlands can play a 
part in an urban landscape system that localises inputs and outputs. 
This localisation decreases the system’s dependency on external 
inputs while reducing reliance on other environments to receive the 
system’s products and wastes. Wastewater wetlands and their inputs 
and outputs can offer a higher level of food, water and energy 
security and increased resilience to natural events in a future of 
impending predicaments such as climate change, sea level rise, 
peak oil and peak water.

Wastewater wetlands require minimal amounts of energy to 
function and in some configurations, no energy at all. This reduces 
its energy dependence and if combined with methane generating 
primary treatment, eliminates the need for any external energy 
supply. Wastewater wetlands can be constructed of hard or soft 
materials, engineered to withstand land disturbances and the cells 
can be designed to reduce their susceptibility to flooding.

Wastewater wetlands in urban environments are generally best 
suited to a small bore pressure or vacuum conveyance system 
which is significantly more resilient to land disturbances. 
These pipes can be buried at shallow depths, simplifying their 
maintenance or replacement and if levels are changed do to 
land disturbances they still function. A distributed conveyance 
configuration also reduces the number of people affected should 
the system fail due to liquefaction, tsunami or any other extreme 
event.
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Perhaps the greatest level of resilience this thesis has explored is 
the integration of wastewater wetlands into other localised urban 
systems such as energy and food production. This thesis has shown 
the potential to incorporate energy technologies such as harvesting 
methane gas, growing algae on wastewater for biofuel or using 
treated wastewater in agroforestry applications and how wetlands 
can play an integral role. The research has defined the requirements 
of wastewater treatment for the production of food at several levels. 
Treated wastewater from wetlands can in most cases be applied 
directly to pastures and other land applications. Advanced tertiary 
treated wastewater can be used in spray irrigation for food crops 
in urban and rural applications. This integration of food and fuel 
production with wastewater recycling systems reduces the city’s 
external requirements, thus increasing its security in the face of 
future uncertainties.

3. Can landscape design utilising wetland technologies 
provide multiple ecological and social benefits? 

Yes, but there are many barriers to their social acceptance. While 
wastewater wetlands can provide quantifiable benefits in terms of 
urban resilience and environmental sustainability this may not be 
enough to convince the public of their appropriateness. There is a 
social and sometimes political aversion to change from the business 
as usual approach. A flush and forget culture is deeply ingrained in 
western society which sees in modern plumbing the embodiment 
of civilised society. Couple this way of thinking with the “yuck 
factor” and the barriers against wastewater wetlands can seem 
insurmountable. But wastewater wetlands, particularly HSFCW 
wetlands are safe and effective technologies that can be walked 
upon, don’t smell and pose minimal to no public health risk. 

Several designers, social and psychological theorists cited in this 
thesis have discussed the possibility of reincorporating waste into 
our everyday landscape, eliciting that this act would be akin to 
facing up to truth. Wastewater wetlands have the potential to safely 
return waste to our everyday landscapes in ways that still provide 
the modern conveniences we have come to love. 

The inclusion of wastewater wetlands in the urban landscape 
can provide additional social benefits by reducing stress and 
emotional fatigue through an increase in the number of restorative 
environments and direct experiences with nature. This landscape 
function is traditionally associated with the urban park, although 
the design investigations in this thesis has shown that wastewater 
wetlands alongside LIUDD technologies can function in several 
urban zones including streetscapes, parking lots, parks and other 
civic spaces. This day-lighting of an ecological infrastructure can 
contribute to the liveability of a city by combating the negative 
impact of the built environment on our mental health. Increased 
viewing of natural scenes has been proven to reduced stress levels 
in humans while childhood experience in nature have been shown 
to be essential to healthy maturation.

With all the other benefits associated with wastewater wetlands, 
their aesthetic potential could perhaps be the imperative that 
tips the scale towards social acceptance facilitating transitional 
attitudes towards wastes. Landscape theory suggests that we tend 
to assimilate natural ecologies as being messy; that manicured and 
tamed landscapes appear more beautiful. Prominent landscape 
theorists recommend that designed landscapes with significant 
ecological qualities should display “cues to care” so the viewer can 
better discern their ecological value. Some landscape theorists go 
on to suggest that ecological designs should employ techniques 
that draw greater attention to the value and performance of the 
landscape, and that by doing so the viewer can be made more aware 
of and sympathetic to their relationship with the environment.

An ecological paradigm is emerging from the sustainability 
movement of the post-modern era. This world view accepts the 
paybacks of healthy ecologies to human health and in the case of 
wastewater wetlands and other ecological services supports the 
natural flows of energy and materials in ways that are beneficial to 
both humans and ecologies. These eco-technologies are facilitated 
through technical and scientific advances which aid in the design, 
implementation and management of complex systems. The rise 
of a digital world in tandem with an ecological paradigm is 
rapidly moving us into a future that has been referred to as the 
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supermodern era. Landscape designs that utilise eco-technologies 
such as wastewater wetlands have the potential to simultaneously 
benefit ecology and society.

Concluding Remarks

The research questions in this thesis have addressed progressive 
ways of thinking in the field of landscape architecture or what may 
also be called landscape urbanism, or green urbanism. The results 
indicate the potential for landscapes to function on several levels, 
providing infrastructural services that better support the ecological 
and human health of a city. But where do we start and how does 
this just happen?

A pilot project would the best approach; where an appropriate 
community is identified and the technologies are tested to 
demonstrate their safety, functionality and multiple benefits. The 
implementation of such a system in a greenfield development is 
explored in the final section of this thesis, but Christchurch has 
a unique opportunity to present this pilot scenario as a retrofit. 
It would be possible to identify a community that is as a whole, 
receptive to sustainable technologies by referencing political 
leanings identified through electoral mesh-block boundaries. Then 
broader community awareness and acceptance could be achieved 
through education that highlights the benefits increased resilience 
and sustainability of a distributed network of wastewater wetlands. 
Community consultation could provide direction to how best use 
the surplus energy generated, where to site new open spaces, how 
to maintain the existing amenity of open space while including 
wetlands within them and what corridors would be best suited 
to be “greened” with wetlands. Finally, artistic representations of 
landscape designs that present wetland cells in aesthetic forms can 
convey the beauty that exists in a synergy of ecology and humanity. 

8.3 A hypothetical case study - Prestons 2022: An 
urban performance landscape

Imagine that Christchurch’s first eco-village, Prestons, arose 
from the ashes of the 2010 and 2011 earthquakes (Fig. 8.1). The 
development approval was fast-tracked by earthquake recovery 
minister Gerry Brownlee to provide more residential properties 
for a city in the midst of a housing crisis. Pre-earthquake, the 
developers always envisioned the site to have a village type 
atmosphere with a sustainable edge, but with the recognition of 
a need for more resilient infrastructure and social systems they 
set out to adapt the most progressive technologies and designs 
available to create an unprecedented model of urban resilience and 
sustainability.

Goals were set by the developers to create a “living village” and 
to achieve several of the imperative set out in the Living Building 
Challenge (ILFI 2012). They increased their budget by 30% to 
aid in the advancement and implementation of New Zealand’s 
regenerative water and energy technologies. The bonding element 
of these technologies was a clustered, ecological wastewater 
recycling system. This system was designed to provide both an 
essential service to residents while recycling wastes and water 
in a metabolic system. A vacuum sewage conveyance system 
was installed to ensure resilience against potential future land 
disruption. This vacuum sewer conveys wastewater to central 
anaerobic digesters sited within the commercial zone of the village. 

The digesters receive raw sewage and provide primary treatment, 
removing most solids and generating methane gas. Then secondary 
treatment is achieved as water flows through 6 ha of subsurface 
wetlands strategically located throughout the site. Some of the 
secondary treated wastewater is used as subsurface irrigation for 
urban forests and community woodlots while the remainder of 
the effluent is pumped through three of New Zealand’s first Living 
Machines. These Living Machines combined with an ultraviolet 
treatment polish wastewater to an acceptable level to be used on 
food crops and spray irrigation of playing fields in the village 
domain. Any water not consumed by these uses is plumbed to 
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adjacent buildings for toilet flushing, returning it to the cycle. 
This innovative wastewater system and capture and storage of 
stormwater for a potable use contributes to the certification of the 
village becoming the world’s first net zero water community.

The wastewater system also contributes to the achievement of a 
net zero energy goal. The anaerobic digesters generate a significant 
amount of methane gas which is then used to provide community 
heating to buildings through steam pipes. Significant contributions 
of organic waste collected from restaurants and markets is also 
fed to the anaerobic digesters to increase methane production. 
Other material is recycled via the City recycling system. Energy 
systems which contribute to the net zero energy outcomes are solar 
hot water heaters on every unit which contribute to community 
steam heating, photovoltaic panels on many roofs, localised food 
production, coppicing wood lots and encouraged use of human 
powered and public transportation.

Prestons’ developers aimed to create an urban performance 
landscape that optimised the elements of the site and take a 

holistic approach to the site’s geologic, hydrologic, biologic, 
metabolic, circulatory and social systems. Their goal was to present 
a performance landscape that synergises systems to provide an 
elegant urban infrastructure offering multiple benefits.

The geologic condition of the site presented relatively solid ground 
not highly susceptible to liquefaction with favourable soil types for 
growing food and other productive crops. The hydrologic systems 
on the site include the confined aquifer below but also a heightened 
flood risk due to the development’s proximity to the Styx and 
Marihau Rivers. This risk has been mitigated by a sophisticated 
LIUDD stormwater drainage network and elevated building 
platforms. Fresh water is pumped from the nearby unconfined 
aquifer and delivered to homes untreated. All buildings are fitted 
with rainwater tanks that collect stormwater making it available 
for site irrigation and potable uses. Wherever possible, permeable 
paving surfaces are used to maximise groundwater recharge.

The biological systems on site work in many ways, providing 
aesthetic spaces of native ecosystems supporting native fauna and 
infrastructural services. Biological systems filter, treat, store and 
transpire wastewaters. They create microclimatic zones within 
urban spaces enhancing habitat. Biological systems also provide 
metabolic function through several scales. At the fine scale 
micro-organisms digest waste solids producing methane gas. At 
the coarser scale biological and metabolic systems convert water 
from a liquid to a gas through transpiration, carbon to oxygen 
through photosynthesis and solid material to energy and gas 
through combustion. The flows of energy and material through 
the village are monitored and the village has achieved carbon zero 
certification.

The circulatory systems of Prestons provide minimal space 
for private automobiles and encourage walking and biking by 
providing safe pedestrian and cycle access. Wastewater wetlands 
and LIUDD stormwater techniques form aesthetic borders between 
human powered transportation and vehicles and provide green 
links between open spaces and activity centres and bus routes. 
Primary roads use traditional street hierarchies but all of the 

Figure 8.2 The Prestons development. Image source : http://www.prestons.co.nz/
prestons-concept.html
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residential service roads are single lane with passing bays to reduce 
the amount of space consumed by private automobiles. This also 
encourages walking and cycling while allowing more space for 
linear wastewater wetlands, LIUDD techniques, street trees and 
other green spaces.

Plants that optimise life-supporting metabolic processes and native 
habitats are specified in the landscape planning of circulatory and 
social spaces. Creative design, arrangement and framing of the 
plant material reflect cultural norms and the vernacular of place, 
thus facilitating a societal appreciation of the biological functions 
in ecological performance spaces. These ecological spaces are 
integrated into everyday landscapes of the village including parks, 
transportation corridors, squares, parking areas etc. The creative 
expression of biological and metabolic systems through the use of 
art and design facilitates an emotional response from residents and 
visitors to Prestons. The attitudes, feelings, images and narratives 
experienced when visiting Prestons create memories and have 
a transformative effect. Residents and visitors to the village are 
provoked to be more aware of and sympathetic to the symbiotic 
needs of humans and the environment.

The initial capital needed to make Prestons a “living village” of 
regenerative design was 30% more than the capital needed to 
develop in a traditional manner. However the payback due to 
minimization of external energy, transportation, food, water and 
waste services was achieved in the first 17 years (Partington 2012). 
Although there have been teething problems while the ecological 
systems matured and populations fluctuated, Prestons has exceeded 
expectations in terms of performance metrics, social cohesion 
and cultural development. The Prestons community has a strong 
identity within the city of Christchurch and other communities 
locally and abroad have looked to ways they could adopt the 
practices and systems design to their landscapes. The performance 
of Prestons’ urban systems, with particular regard to the integration 
of wastewater wetlands and other urban functions, have been 
celebrated internationally as a model for achieving community 
resilience and environmental sustainability in an acceptable and 
aesthetic fashion.

8.4 Post script

At the finalisation stage of this thesis the new Christchurch City 
Plan was released; the following are excerpts from that plan that 
support the findings in this thesis.

The market will demand new buildings with innovative 
technologies that target low energy use and energy generation, and 
that reduce both water usage and the impacts of wastes leaving the 
site. Greener, healthier and more resilient building approaches and 
technology help to create a unique identity for central Christchurch 
and a lasting, positive legacy. (CCRP 2012, pg. 41)

In a district heating/cooling project, a world-leading renewable 
energy scheme would generate affordable electricity and central 
heating/cooling from waste materials and biomass. In redeveloping 
more than 1,000 buildings, it is possible to reconsider the way 
energy is generated and supplied to buildings and homes in central 
Christchurch. Greater Christchurch can adopt world-leading 
technologies to harness energy from waste, and to provide an 
affordable source of electricity and central heating/cooling. If 
district heating/cooling is commercially viable and can provide 
an affordable source of energy for consumers, Christchurch could 
reduce its fuel emissions, create a more secure and clean energy 
future and create a point of difference for reinvestment in the city.
(CCRP 2012, pg. 62)






