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Abstract

ABSTRACT

Climate change challenges and rapid urbanisation are prompting cities to devise new
strategies to mitigate carbon emissions, strengthen infrastructure resilience, and improve
sustainability and resource productivity. Today, the technology exists to realise the objective
of decarbonising and regenerating cities, however most of the new, green technologies are
small-scale and operate best at a precinct scale. There is a lack of guidance on the urban
governance approaches and tools required to support their implementation.
This PhD research is undertaken by a series of published papers, and explores the way urban
governance can be improved to facilitate decarbonising and regenerating precincts. Based on
case study analysis and in-depth personalised interviews with multiple stakeholders
associated with the development industry, the work unravels the socio-political and
economic barriers hindering low carbon city precinct construction, as well as exposes the
opportunities that are motivating innovative solutions for restorative and transformative
urban change.
The study offers insight into the different kinds of governance models available, including
their various partnerships, business cases, and financial mechanisms, which are facilitating
local capacity building, and engaging and empowering communities to achieve sustainable,
low carbon precinct development. In addition, the thesis also demonstrates software tools
that are assisting municipalities with decision-making, calculating their carbon emissions,
and designing alternative infrastructure scenarios to reduce their carbon footprint. The
potential application of remote sensing technologies to assist decision-making involved in
planning, managing and monitoring low carbon precinct development is also investigated.
Although no over-riding governance system prevails that can be replicated for all localities
the thesis shows that certain governance models and tools are promising to be more
applicable for implementing distributed zero and low carbon precinct schemes. The causal
principles and lessons learnt from these cases are instrumental in guiding other communities
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on improving urban governance and addressing the serious environmental and social
challenges that society is facing and attempting to address today to secure a safer world.
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Preface

PREFACE – A PERSONAL BACKGROUND

My experience working at the United Nations Education, Scientific and Cultural
Organisation (UNESCO) Headquarters at the World Heritage Centre in Paris first opened my
eyes to the enormous impact that uncontrolled development of human settlements is having
on our natural and cultural resources all over the world. I made a lot of effort to ensure that I
could work in many different departments within the World Heritage Centre to gain as much
insight into natural and cultural heritage conservation issues as possible. The various
experiences enabled me to understand how the Planet’s wealth of extraordinary cultural and
natural resources – which make up our world’s heritage, can be better protected with certain
strategies to suit the specific location and its socio-economic, political and cultural context.
Also, I discovered how local communities surrounding UNESCO’s World Heritage Sites can
benefit from living next to their precious resources - without destroying them. I discovered
the notion of developing alternative livelihoods, such as new job opportunities for people,
which can bring far more enriching sustainable, economic, and socio-cultural benefits to a
community.
The different parts of UNESCO had different experiences for me in the journey that ended
up leading to this PhD.
Firstly, I worked for the department Partnerships for Conservation (PACT), which aimed to
build partnerships with the private sector to obtain financial and technical support for
projects related to safeguarding World Heritage Sites. This was a new department that
UNESCO had commenced and the team of staff was struggling with the challenge of
attracting cooperation from the corporate sector. It was a period when a shift was emerging
towards increased involvement from the private sector in corporate social responsibility
activities, and UNESCO was seeking to open itself up to the private sector, institutions,
universities, Non-Governmental Organisations (NGOs), and civil society in a bid to create
partnerships that would strengthen its financial and technical resources, and thus build its
xv
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potential to assist developing and developed countries. It was here, in this department that I
first realised the imperative need for joint international collaboration between all actors of
society in order to accomplish the unsurmountable challenges that human development
posed for protecting the Earth’s resources so that future generations can appreciate its
wonders, as we have been privileged to do so. It was also my first insight into the dramatic
decline of ecosystems and deterioration of habitats occurring all over the world. I felt
compelled and completely committed to raise awareness of the fragility of our Planet and
contribute to mobilising society to take action for sustainable development.
After my internship was completed with the PACT department I went on to source other
contractual work from the Education, Tourism, Marine, and Asia-Pacific Departments at the
World Heritage Centre. I was responsible as a Consultant for assisting efforts to raise
awareness amongst the public, including schools, of the need to look after the Earth’s
resources. I worked with the Tourism Department to create economic initiatives with local
communities living nearby World Heritage Sites, such as training local people to become
tourist guides and working with local tour operators to ensure an economic return was
directed back into the community and its resources. During this time I began to understand
the significance of proposing alternative economic livelihoods for local communities that
encourage people to protect their resources in order to gain more socio-economic benefits for
the long-term. I realised that solely protecting sites, was not the solution for motivating
communities to value their environment – people require sustainable economic benefits
being generated from their local environment to appreciate its true value.
On mission for UNESCO I travelled to Tongariro in New Zealand and helped to organise a
workshop with indigenous people from all over the Pacific Islands in order to create a five
year action plan for the Islanders to look after their natural and cultural sites. This was an
incredible experience of watching all the different cultures joining together to make
decisions. They played guitar and sang songs while brainstorming ideas for the common
purpose of protecting their heritage. I realised the power of bringing a diverse group of
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countries together to create solutions, and the impact that this type of engagement could have
for building solidarity, passion, and innovative action for sustainable development among
nations.
My work at the World Heritage Centre taught me many issues related to project management
and conservation, as well as publicity and fund-raising and I realised the important role that a
country or local community’s cultural identity has to play in stirring people’s emotions and
willingness to care for their local resources. Creating projects that demonstrate to
communities how they can benefit financially, socially, politically and culturally from
safeguarding their environment was imperative for gaining their support to engage and
participate in a project - and ultimately become empowered by their involvement, and take
ownership as the stewards.
While working at the World Heritage Centre, it was also the time when people began to talk
about the threats of climate change, so this was my first introduction to the devastating
consequences that global warming could have for the Planet and generations. I began to
discuss vigorously with other colleagues about the impact that many World Heritage Sites
and their communities were facing, for example melting glaciers of heritage listed Alp
regions and changing sea temperatures effecting large areas of coral reefs and threatened the
survival of whole reef ecosystems, like the Great Barrier Reef. The Director General of
UNESCO began to urge the many diverse sectors to co-operate in multidisciplinary activities
to assist climate mitigation and climate adaptation. This is when I began to perceive the
immense value, but also challenge of collaborating with various disciplines such as the
Science, Culture and Education UNESCO sectors. The cross-sector dynamics brought a vast
wealth of new knowledge, technical expertise and skills that were necessary to solve the
severe and varied complexities associated with climate change, but also the additional
headache of working with multiple egos and their specific sector’s preoccupations.
I was later invited to start working as a UN staff member for the Remote Sensing
Department at the Natural Sciences Department, for the Man and Biosphere Programme.
xvii
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This was for a programme called ‘Space technologies for monitoring and managing natural
and cultural UNESCO sites’. The work involved developing partnerships with a wide
network of space agencies, space research institutions and the space private sector to use
space technologies, and space derived products to assist developing countries with the
sustainable management of their cultural and natural heritage, and the sustainable
development of their local surrounding communities. Working for this department, I learnt
of the great need for communities to have access to technologies to help them with making
choices and decisions about their local environment. I discovered the power of transferring
knowledge, expertise and skills to other countries. From travelling all over the world for
work-related UNESCO missions, I also realised that it is very important for the local people
to be involved from the beginning of a project, and asked what they require as end-users, and
what they believe is best for them to better care for, manage and monitor their environment,
instead of imposing a new technology or scheme on them without question. The projects
involved working with a multitude of various partners to provide products to groups of
people, such as Geo Positioning Systems (GPS) compatible maps and satellite imagery so
they could view and monitor changes occurring to their resources, and thus devise and direct
appropriate strategies and project activities to better manage those areas.
The high-resolution satellite space technology enabled me to visualise very clearly for the
first time the massive rapid impact of urbanisation and the growth of cities, which was
possible by examining various satellite images taken over time. I was shocked at how some
places such as Iguaçu National Park have had their whole forests destroyed by uncontrolled
urbanisation over such a short period. For the sake of the Iguaçu Falls being declared a
World Heritage Site, very little of the forests of Paraguay, Brazil and Argentina would have
been preserved – as so much had been lost already. I was also able to witness easily the
uncontrolled and accelerated growth of cities, for example, around the Pyramids of Egypt,
and as a result I began to understand the rate at which urban populations are sprawling across
landscapes without any sustainable management plan in place.
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My experience working for UNESCO gave me the impetus to want to learn more about the
different types of new technologies that could help alleviate or mitigate some of the
disastrous impacts from human development, and settlements. I was keen to know for
instance, how to create clean energy, such as wind, solar and wave power. So, I decided to
undertake a Master of Science in Environmental Science degree at Murdoch University and
later pursue this PhD with Curtin University Sustainability Policy (CUSP) Institute at Curtin
University in Perth, Western Australia.
I feel deeply that over recent years there has been a gradual shift in attitude from people
around the world about the concept of ‘conservation’ or ‘protection’ of a particular ‘site’. In
my view, I believe it is an aged attitude of encouraging people to leave their homes, cities
and urban environments to experience nature and witness the beauty inherent in our Planet.
Today, I consider people would prefer to bring nature back into our home city environments,
and live and breathe with nature around them rather than being alienated, divorced and
isolated from it.
This explains my shift in interest from focusing on the protection and conservation of certain
places that people must venture out of their cities to explore - to researching the idea of
caring for the Earth’s resources within city precincts. In my view, the alternate can allow
people growing up in their local urban environments to become aware of their beautiful
environment and be more connected to nature and the concept of looking after and benefiting
from it, for example, from local food production, and enjoying it as its stewards.
With this strong belief - that people should live with nature and that ecosystems should coexist along with humans in cities set in place - I began my pursuit to realise the ideal city, in
terms of its appearance, purpose and how it should function. Then, further on along this
journey I took up the challenge of exploring how the technology and features of such an
ideal city could be designed, planned, implemented, managed and monitored. This is the
road that has led me to adopt the topic for this PhD by publication and I am very thankful for
all the staff at UNESCO, academic professors at Murdoch University and Curtin University
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who have inspired me along the way, and opened up doors to allow this personal and
professional experience to blossom.
My sincere wish is that after this PhD is completed I will be able to take all this experience I
have been privileged to enjoy, and do it justice by working with communities around the
world to help clean up, and more effectively use their resources, make their homes safer,
more secure and reliable places to live, and create better lifestyles and improved livelihoods
for them now and in the future. In particular, this will need cities to decarbonise and
regenerate their urban precincts.

xx

Rationale for a PhD by publication

RATIONALE FOR A PHD BY PUBLICATION

During a traditional PhD thesis route, whilst the author might participate and present at
various conferences, symposiums, and workshops the papers on the topic are most
commonly published after the PhD has been submitted. However, as getting research
published in a peer-reviewed journal can be time-consuming and difficult in the journey to
acceptance, I decided to commence this process early on in the piece, as part of my PhD
experience. It was important to provide an immediate contribution in the field of study to
facilitate and precipitate current national and international efforts to improve urban
governance in order to move from Business-As-Usual development to a low carbon
trajectory that supports sustainable development goals.
Synergistic to these objectives was a desire to accelerate the academic understanding of the
argument presented in this PhD by publication, i.e. to advance discussions, contribute to new
knowledge and to the research excellence framework. These goals could be accomplished by
publishing throughout the PhD studies as opposed to after their completion. As producing
the research papers takes a great deal of determination, time and effort, I also felt that this
pathway would help to develop practical skills, commit to more manageable chunks within a
set timeframe, acquire expert feedback over the course of writing publications, and ensure a
high quality in writing.
The submission takes the form of a collection of original authored published works that have
been blind peer-reviewed, and individually critiqued by anonymous referees acknowledged
as experts in their field. The research presented in each publication has been considered for
its originality and distinct contribution to knowledge. The 6 papers published include 5
scholarly referred articles in research journals, and 1 full-text peer-reviewed paper in edited
conference proceedings. Individually these publications have already been acknowledged in
academia as making a contribution towards new knowledge. This thesis brings the 6 papers
together as a whole to develop the main argument of this research which relates to
xxi
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establishing new knowledge in governance for decarbonising urban precincts, facilitating
decision-making and action orientated towards generating high performance, sustainable and
low carbon development around the globe.
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Introduction

INTRODUCTION

Global warming and climate change
The threat of rising global greenhouse gas emissions and climate change has in recent times
surfaced as a pressing priority for world politicians and all of civil society to take notice and
responsible action (While et al. 2004). The public attention given today to the threat of
greenhouse gases and climate change can be seen to have stemmed partly from former
United States Vice President Al Gore’s high profile and extremely influential campaign to
educate people about global warming, along with his triumphant 2006 documentary An
Inconvenient Truth (Gore et al. 2006). Of course, there have been many scientists and
academic researchers who have provided warnings against the consequences of rising
greenhouse gases in the global atmosphere, however Al Gore’s campaign generated public
and political attention that had not been prevalent before. Since this period, the climate
debate has deepened, and it has steadily been pushed to the forefront of politics. While
igniting worldwide controversy over the existence of anthropogenic carbon emissions, and
heightening the need for solutions to curve them, climate crisis deliberations have intensified
between politicians, scientists, academics, enterprises, various organisations, and civic
society all over the Planet. World leaders are now being pressurised to commit to discussing
an international response strategy for controlling carbon emissions that will compel countries
to take responsibility for carbon mitigation as a governmental duty of nation-security to
avoid the terrifying and devastating impacts that global warming projections threaten the
planet Earth and its current and future inhabitants (Keil 2007).
While it is important to scale down emissions of all greenhouse gases, the most critical on a
long-term 100-year horizon (IPCC 2014) is the reduction of carbon dioxide (CO2) fossil fuel
emissions. The annual rate of approximately 34 billion tonnes of carbon emissions needs to
be cut by more than half, requiring a drop of over 80 percent by 2050 (UNSDSN 2013). This
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is the current high-priority challenge to ‘de-carbonise’ the world’s energy system to
dramatically reduce global CO2 levels and forestall severe global warming (UNSDSN 2013).
Decarbonised development - the concept
On the political arena, the concept of decarbonised development arose out of the 15th
Conference of the Parties (COP-15) of the United Nations Framework Convention on
Climate Change (UNFCCC) in Copenhagen in 2009, which sought to reach a decision for
mitigating climate change. A deal failed to be met however, the COP-15 did arrive at a
significant political agreement to work towards establishing international cooperation and
action for the decarbonisation of development. The Copenhagen Accord (CHA) emphasises
both that ‘deep cuts in global emissions are required… so as to hold the increase in global
temperature below 2 degrees Celsius…. and that a low-emission development strategy is
indispensable to sustainable development’ (UNFCC 2009). Whilst, lacking in any specific
targets or goals, the political accord does provide a shared vision for decarbonised
development. So, although there is no internationally agreed definition for ‘low carbon
development’, there is a basic acknowledgement of the need for governments, businesses,
donors and academics to work together and take action to support the ‘decarbonised’
development concept (Mulugetta and Urban 2010).
Since Copenhagen, the International Panel on Climate Change (IPCC) has reinforced this
agreement by stressing the critical role that cities have to play in reducing carbon emissions
by facilitating low carbon or ‘decarbonised’ development and encouraging a ‘green
economy’ to prosper – which is an economic development model based on sustainable
development and a knowledge of ecological economics (UNDESA 2012). The IPCC has
started to address strategies for which cities can become part of the solution to carbon
mitigation more vigorously in the Fifth Assessment Report (IPCC 2014).
Rising city carbon emissions
The International Energy Agency (IEA) claims that some 70% of global energy-related
greenhouse gases emissions are emitted from our world’s cities (IEA 2009). The IEA
2
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predicts that 80% of the increases in global energy demand above 2006 levels derive from
cities in non-OECD countries (IEA 2009). Similarly, the World Bank estimates that the
world’s cities that are causing the majority of global greenhouse gas emissions are those that
are hosting the majority of people and thriving economically (World Bank 2010 cited in
Bulkeley et al. 2011). The emissions from the largest 50 cities are generating a combined
contribution that is greater than any country other than the United States and China (World
Bank 2010 cited in Bulkeley et al. 2011). In terms of calculating the emissions’ contribution
per person, those cities that are heavily reliant on energy intensive infrastructure, either for
industrial production, car-based transportation, or fossil fuel based forms of heating emit the
highest emissions (Bulkeley et al. 2011). Similarly, when comparing cities in terms of their
emissions per unit of production, the cities that are ranked the highest are reliant on coal
fired power stations, such as those in China (World Bank 2010 in Bulkeley et al. 2011). This
indicates that although a certain ambiguity surrounds the accuracy of a city’s carbon
performance, current data is able to show the type of processes that are contributing towards
high emissions, and the challenges that achieving a low carbon transition will need to
address (Bulkeley et al. 2011).
Urbanisation at a turning point
Apart from climate change, the other 21st Century challenge is rapid urbanisation. Never
before in human civilisation has the world been so heavily populated. The human population
has risen from 1 billion, some 200 years ago with merely 30 million people occupying cities
to over 7 billion today, with a staggering increase of 3.5 billion people, or 50 percent
inhabiting cities (UNDESA 2012). Furthermore, the world’s urban population is projected to
reach 4.2 billion by 2020 with urban slum dwellers rising to 1.4 billion (UN 2010).
Consequently, more people living in these city megalopolises will have to endure
impoverished and over-crowded conditions if slum upgrading and city infrastructure systems
for sanitation, utilities, land usage, housing, and transportation are not properly developed
and managed to accommodate this unprecedented rate of urban growth (UN 2010).
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Cities by nature can be thought of as a complex dynamism of energetic centres, capable of
emerging as powerful engines driving great wealth; or they can be seen to spiral
uncontrollably into extreme deprivation and environmental degradation. This paradox
explains why the notion of urban development and sustainable cities proposes both a major
sustainable development challenge, as well as a unique opportunity for the leaders of the
world today (UNSDSN 2013).
The United Nations claims that cities, which forestall careful planning to accommodate the
massive growth of urban populations, may suffer severe consequences later. The
infrastructure and housing being constructed today could lock cityscapes into intensive
carbon consumption and production patterns for up to 20 to 30 years, at which time it will be
far more difficult and expensive to change (UNESCAP 2011). The World Bank (World
Bank 2010) has declared that changing patterns of technical infrastructure, such as roads and
public transit lines, water, wastewater, power services, and residential, commercial, and
industrial building will be more complicated once they are established. If cities for instance,
expand through urban sprawl rather than densification, then travel demands will not support
public transport, which will cause an increase in car dependency as well as congestion,
pollution, and a further rise in global carbon emissions (World Bank 2010).
Planet under pressure
Population increase by itself is not the main challenge however; ‘these new patterns of
human settlement and activity are heightening the pressures on our planet. Inequality is
rising in rich and poor countries alike’ (UN 2013:2). Earth’s current population compared to
1810 produces 50 times more economic output, uses 60 times more water, and 75 times more
energy (UNSDSN 2013). The Earth’s natural resources, which are imperative for sustaining
life as we know it are being seriously disrupted, depleted and degraded to the point of the
extinction of many species at an alarming rate unparalleled to any time in the history of
humanity. The World Wildlife Fund (WWF) states in its Living Planet Report that in the last
30 years a third of the natural world has been obliterated (WWF 2010 cited in Girardet
4
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2010). Widespread biodiversity loss persists at a rampant pace. Expansive areas of forests,
mangroves, and grasslands that are rich in species are being destroyed. Freshwater resources,
estuaries, rivers, seas and oceans are being polluted and fish stocks are overexploited with 66
percent of marine fisheries at their limit (Vitousek 1997 cited in Girardet 2010). Massive
waste build-up is having detrimental impacts on people’s health, and the viability of valuable
ecosystems (UNSDSN 2013). Not to mention of course, carbon dioxide emissions have
exceeded 400 parts per million - a level according to the UN (2013) that has not been
witnessed in millions of years.
Cities of opportunity
An opportunity exists now, during this time of rapid urbanisation, when much new
greenfield and brownfield development is taking place, for cities undergoing such an
enormous transition to make wiser decisions on how they design, build and power
themselves, and use and re-use the Planet’s resources, such as water, air and land.
Ultimately, how cities choose their infrastructure, technology, and consumption and lifestyle
patterns today will determine those cities’ carbon emissions, and subsequently the world’s
carbon footprint for the future (Dhakal 2010).
Major achievements in energy efficiency, related to the design of urban density; renewable
electricity (wind, solar, hydro); intelligent grids; and electric vehicles are required in order to
significantly reduce carbon dioxide emissions by 2050. In addition, sustainable water and
waste management strategies are needed to cope with water scarcity, safeguarding water
reserves and reducing the build-up of waste (UNSDSN 2013). Much of the world’s energy
infrastructure is based on an old centralised model, which is heavily reliant on coal-fired
power for electricity generation (Jones 2007). These energy, water and waste systems are
carbon intensive and inherently inflexible and vulnerable to damage (Biggs et al. 2009).
A new technological shift towards ‘distributed’, low and zero carbon infrastructure systems
needs to be adopted by cities (Newman et al. 2009), and this requires the support of
appropriate ‘decentralised’ governance structures to ensure their long-term, successful
5
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implementation (Hartzog 2010). The distinction of the two terms ‘distributed systems’ and
‘decentralised governance’ used throughout the PhD relate to issues of boundaries. The term
‘distributed systems’ for this PhD study refers to the delivery of critical services, such as
energy and water via a diverse set of smaller infrastructure utilities systems (distributed
model) as opposed to the traditional, linear system (Biggs et al. 2010). The terms
‘decentralisation’ and ‘local governance’ are about providing an enabling environment in
which decision-making and service delivery can be brought closer to the people. The
‘decentralisation process’ is about reallocating governing influences and authority away
from a central locality or power to ensure cities are more fully responsive, inclusive and
representative of the people at the local level (Hartzog 2010). In saying this, hierarchical
forms of governance are no longer the only choice; rather organisations can explore various
governance structures involving a multitude of stakeholders for the management of their
local distributed, infrastructure systems (Hartzog 2010). At the 2011 Fifth Asia-Pacific
Urban Forum (APUF-5) held in Bangkok, Thailand Ms. Noeleen Heyzer, the UN UnderSecretary-General and Executive Secretary of the United Nations Economic and Social
Commission for Asia and the Pacific announced at her opening address that ‘our urban
future is full of hope’ (UNESCAP 2011:7). She stated ‘urbanisation is an opportunity to put
our approaches to development on the right track – on a track that will result in inclusive and
sustainable development for the world’ (UNESCAP 2011:7). Furthermore, Heyzer insists
that partnerships and participation is the key to comprehensive urban development, meaning
the cooperation between national and local governments, civil society organisations, the
private sector, academia and the media (UNESCAP 2011).
A new vision: decarbonised and regenerative precinct development
A new vision and new transformative actions need to be adopted for a new era (UN 2013).
Modern cities consume vast amounts of energy and materials and their waste discharges put
enormous pressure on the Earth’s ecosystems. Whilst cities depend on ecosystem services
such as freshwater, air, soils and wetlands, they also tend to disrupt them. Cities are
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significantly contributing to climate change and their ecological footprints can exceed their
surface area hundreds of times. Urbanisation is increasing and global urban impacts are still
growing (Girardet 2010). A more harmonious relationship with the Planet is required. It
involves a total turnaround from assuming the Earth can withstand exhaustively extracting
its supplies for commercial consummation to a focus on nourishing, replenishing, and
restoring habitats and their resources to ensure a sustainable return that can meet demand of
generations for futures. Herbert Girardet (2010) states in the World Future Cities
‘Regenerative Cities’ report; ‘cities take resources from nature. The new challenge is for
cities to find ways to continuously help regenerate natural systems from which they draw
resources’ (Girardet 2010:16). Today’s challenge therefore, no longer solely relies on
creating sustainable cities – but ‘regenerative’ cities are required to ensure that cities ‘do not
just become resource-efficient and low carbon emitting, but that they positively enhance
rather than undermine the ecosystem services they receive from beyond their boundaries. A
wide range of technical and management solutions towards this end are already available,
but so far implementation has been too slow and too little’ (Girardet 2010:3). This
transformation requires activating change by creating revolutionary pathways for producing,
distributing and consuming resources, a cutting-edge conduit that is efficient, resilient,
avoids waste, restores balance and renewal in the environment, and simultaneously improves
human lives. This is the necessary transformation or ‘shape shifter’ that the urban form must
make as part of its evolving metamorphosis into decarbonised and regenerative urban
development.
One way that the transformation of cities can occur is from restructuring beginning at
the precinct; this approach has strength as it can gain public acceptance and buy-in by
involving community in participating and investing in the process of decarbonised
development from the outset. It is at this finer, precinct scale where immediate
changes happening can be viewed, like a triage approach. Namely, precincts have
demonstrated to be an excellent starting point for new zero and low carbon distributed
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infrastructure systems for energy, water, and waste to operate efficiently, costeffectively, and with resiliency (Bunning, 2013). The precinct is increasingly being
considered as an innovation hub because it provides an optimal scale for
demonstrating new systems and technologies (Cutler, 2009), and piloting
subdivision/neighbourhood low carbon services that would be unfeasible at the
individual building scale (Thomson et al., 2014). Correspondingly, precincts help to
inform city policies or institutions to establish standards for decarbonising and
regenerating cities (Cutler, 2009). Furthermore, precincts help to mobilise resources
from inter-disciplinary, cross-sectoral and cross-functional skills and partnerships,
hence also offering a forum for information exchange and discovery with end-users
and customers to respond to major challenges, including climate change, urban
congestion, population, health, or food security (Cutler, 2009). For these reasons, this
PhD focuses on the precinct level for transformative urban change as it promises to
provide the best opportunity for incrementally decarbonising and regenerating cities.
How this low carbon precinct change will impact the bigger city wide scale is an
important issue too, but requires further investigation outside the limitations and scope
of this PhD study.
The limitations of transforming the city from the precinct ‘up’ might include insufficient
influence of local government to overcome overarching market and policy barriers or a lack
of knowledge, skills, workforce and understanding among public and private developers on
specific governance frameworks and commercial business cases to inspire confidence to
pursue action. Market barriers that cause financial disincentives and additional risk
associated with new technology and innovation might also impede such sustainable urbanism
for precincts. In addition, precinct development communities might suffer from inadequate
access to decision-making tools and the associated training to support precinct design
productivity. This PhD work addresses some of these potential limitations for transformative
city change at the precinct scale and indicates possible pathways to overcome them.

8

Introduction
Adapting cities for climate change
Climate change holds considerably higher risks for cities and the frequency of climate
change related natural disasters impacting cities is accelerating (Gill et al. 2007). Warming
of the climate system, rising in sea levels and storm surge risks, changes in sea land and air
temperatures, as well as poor air quality, and irregular shifts in climatic patterns, may be
global in nature, but find particular expression in cities (Hunt and Watkiss 2011). Cities and
their towns and nearby regions, particularly in the Asia-Pacific regions are highly vulnerable
to climate change impacts. These include brief and concentrated events, such as cyclones,
earthquakes and tsunamis, as well as disasters that take a longer duration to occur like
droughts, desertification and soil erosion (UNESCAP 2011).
Many countries are neither adequately prepared to deal with the urban challenge of
sustainably managing their resources to meet the requirements of surging city populations,
nor adapt to the devastating impacts of climate change related natural disasters. Likewise,
many cities are still deliberating on strategies to curb city induced carbon emission, and use
efficient and clean energy. Many of the decisions related to future urban development and
updating aged infrastructure require knowledge on climate change risks to cities to be able to
respond with appropriate alternative scenarios, build resilience, and maintain flexibility
(Hunt and Watkiss 2011). McCarney (2013:85) points out that climate risk phenomena
‘serve to introduce new layers in our interpretation of urban risk, new complexities in
governing cities and new research challenges to measure and monitor these risks in order to
inform policy, planning, and management.’
New thinking in governance
These new 21st Century challenges require new thinking, and fresh approaches that empower
people to create inclusive, productive and resilient sustainable cities. The United Nations is
calling for new thinking in governance to support rapid and equitable urban transformation,
as well as ensure ecosystem services and biodiversity, and respectful management of water
and other natural resources (UNSDSN 2013). New governance models are also being sought
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that can offer clear and replicable ideas of how to design, develop and better manage cities
so that they not only prevail against current and future urban and climate change challenges,
but thrive in the opportunities provided by this era of advanced technology, including
information and communication systems, and the emerging volition for innovative
sustainable low carbon development precincts to enrich cities and the lives of those who live
in them.
The new UN Sustainable Development Initiative claims that in an age of globalisation,
governance within and among countries is becoming ‘more diffuse and complex’ (UNSDSN
2013:3). Historically, national governments have held sole responsibility for making a
country’s major decisions while today they are forced to collaborate with many players in
society. The advancement of information and communication technology is pressurising
governments to become more efficient, transparent, and accountable. There is meanwhile a
growing demand for all sectors of society to participate in decision-making processes.
McCarney (2013) and Tanner et al. (2008) attest that to define effective and long-term
solutions for sustainable urbanisation, an empowered city governance approach must be
established to recognise the critical role of inviting all actors to participate. Councils and
local governments increasingly are being pushed to make far-reaching strategic choices and
long-term planning rather than short-term compromises that we have seen with political
decisions in the past. They must work with many national governments, businesses,
universities, and civil society to mobilise financial, institutional and human resources across
a broad range of urban issues, such as jobs, housing, services, security, and infrastructure.
The UN Secretary-General insists that sustainable development can only be achieved when
all people from all levels are involved in the decision-making process, and are acting with
‘transparency, accountability, participation, responsiveness to public needs, and without
corruption’ (UNSDSN 2013:23).
City authorities all over the world have been responding to the challenge by working with
multiple stakeholders in the community to devise innovative projects that present possible
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solutions to creating new pathways for low carbon urban development (City of Chicago,
2008; PLANYC, 2007). The policy community is also considering the role of urban
governance and the responsibility of cities for reducing carbon emissions and building more
sustainable places for humans to live (Dodman 2009). At present, some countries have
already set up, or are beginning to consider establishing fixed national or state policies to
direct municipal action on climate change (PB and CUSP 2011). Therefore, an exciting
opportunity is emerging for municipal governments to lead the way, and explore mitigation
and adaptation efforts that support development of new industries and businesses, creating a
climate friendly image, whilst simultaneously boosting economies with leading-edge low
and zero carbon technologies (Bhatt et al. 2010).
Importance of good governance
In recent years there has been a growing advocacy for good governance and sustainable
development. At the UN General Assembly in 2010, leaders acknowledged that ‘good
governance and the rule of law at the national and international levels are essential for
sustained, inclusive and equitable economic growth, sustainable development and the
eradication of poverty and hunger’ (UN 2010:2). Similarly, full participation of all fractions
of society was emphasised for making decisions, and transparent and accountable systems of
governance were stressed, along with an increase of reliable data to improve programmes
and evaluate policies (UN 2010). The importance of democratic governance and sustainable
development was reiterated at the UN Secretary General’s High Level Global Sustainability
Panel in 2012, which stated that ‘democratic governance and the full respect for human
rights are key pre-requisites for empowering people to make sustainable choices’ (UN
Secretary-General’s High-Level Panel On Global Sustainability 2012:3). This sentiment was
again backed up at the 2012 Rio+20 United Nations Conference on Sustainable
Development, which acknowledged that democracy, good governance and the rule of law, at
national and international levels as well as an enabling environment, are critical for
sustainable development.
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Following this event, the UN Secretary-General Ban Ki-moon launched the UN Sustainable
Development Solution Network (SDSN) in 2012 to promote sustainable development
initiatives across the globe. This is a call for a global operational framework that can
motivate national and local governments, civil society, business, science and academia to
move away from the Business-as-Usual (BAU) trajectory towards a Sustainable
Development (SD) path. The UN SDSN has identified 17 key priority Sustainable
Development Goals (SDGs) to be addressed under this framework; including develop
participatory, accountable, and effective city governance to support rapid and equitable
urban transformation; and transform governance for sustainable development (UN 2013).
Clearly, there is a resounding, echoing and consistent cry among all countries and their
international leaders for recognition of the importance of good city governance in realising
sustainable development.
This PhD thesis argues that to realise decarbonised and regenerative development, good city
governance is required, and it brings to light the argument that the transformation of the city
can occur from restructuring beginning at the precinct level. Although, as mentioned earlier
changes at inter-precinct or city wide levels can also occur for restructuring a city towards
low-carbon sustainable growth, the particular focus of this thesis is at the finer-scale precinct
level, including inter-municipal collaboration between precincts.
Better local governance to support decarbonised and regenerative, sustainable growth,
devolves to an understanding of urban development involving distributed energy, water and
waste for low and zero carbon infrastructure systems from the precinct up to the level of the
city. The PhD focus of inquiry is on the sub-systems of provision of infrastructure, hence
other important aspects like food and the energy/greenhouse cost of information systems
have not been included as a study objective as these aspects are outside the scope of this
thesis. However, they are important areas for consideration in determining the overall carbon
content of urban precinct developments, and their implications and contribution to waste and
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greenhouse gas emissions for example, within the precinct should be acknowledged as
valuable fields of study for future research.
This thesis supports the argument that better urban governance can be accomplished by
providing good governance models and appropriate technical tools to assist local
governments and their communities with the planning, development, management and
monitoring of their carbon mitigating, sustainable development local initiatives. The aim of
this PhD research and its objectives are to demonstrate what kinds of governance models and
tools can assist this cause, along with what types of partnerships can be formed, and how
they can be structured between the public and private sector, and civic society. The thesis
consists of six publications, which in their combination provide suggestive guidance to the
research question as to how to improve governance for decarbonising and regenerating urban
precincts within the world’s cities.
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Before proceeding it is important to define what is intended throughout this PhD thesis by
the use of certain terms and concepts, namely sustainable development, decarbonised and
regenerative urban development, distributed infrastructure, decentralised governance, and
models and tools for governance. These definitions are not completely cited in any of the
publications due to the word limitations required for discussion within each paper. This
section provides more clarification into the theoretical and philosophical nature behind my
research, as well as from where the underlying meaning and ideas behind my work originate.
Sustainable development
Sustainable development arose initially out of the 1980s, when a shift occurred from a
theoretical discussion on limits and survival to a universal consideration in the 1990s. The
conception of the ‘Sustainable City’ for the researchers Newman and Kenworthy (1999) is
one of reduced consumption of fossil fuels and water; reduced generation of waste; and
reduced loss of biodiversity, which can all be accomplished whilst maintaining or improving
liveability. As previous aspirations for realising beautiful and equitable urban environments
were a rebellion against the filthy industrialised and unhygienic environment of cities, the
‘Sustainable City’ (and ‘Resilient City’) models are a solution to the exhaustive social and
natural resource consumption of today’s modernised city (Newman et al. 2013).
Dryzek (1999:36) views sustainable development as offering a ‘conceptual meeting place for
many actors, and a shared set of assumptions for their communication and joint action’. He
(1999:36) insists that it is ‘these shared assumptions and capabilities which define the
discourse’; yet he concedes that the concept is questionable and remains largely figurative,
as people can never really truly envisage the notion of true sustainable development.
Similarly, critics like While et al. (2004) stress that the early sustainability goals of the 1990s
have failed in their pursuit of continual economic growth combined with social equity and
ecological protection. They point out that rather sustainable development has transformed
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into a mere ideology and furthermore, has assumed a neo-liberalised governance approach.
Nonetheless, regardless of whether sustainable development has fulfilled its promises, While
et al. (2004) attest that sustainability issues still continue to hold prominence among society,
policy-making and governance, and have fundamental implications for the practice of
politics of urban and regional development.
This thesis endorses the viewpoint that the meaning of sustainability1 holds different
significance for different actors and groups in society, yet among the international
community there is a loose order of understanding that it is a conceptual goal to bring people
together for the common pursuit of striving towards realising a balance between nature and
humanity. The research is based on the premise that from country to city and from city to
precinct the details of sustainability goals are highly individualised and specific in nature to
the needs of the local environment. However, the overarching general vision of sustainable
development remains not so dissimilar across socio-political economic and cultural
landscapes around the world.
Regenerative development
The regenerative development concept builds upon a collaborative relationship between
humans and nature both social and natural, as opposed to solely a concept based on reducing
resources. Girardet insists that ‘creating regenerative cities primarily means one thing:
Initiating comprehensive political, financial and technological strategies for an
environmentally enhancing, restorative relationship between cities and the ecosystems from
which they draw resources for their sustenance’ (Girardet 2010:4).
New thinking is gaining momentum into how ‘Regenerative Cities’ can evolve, like living
ecosystems that no longer endlessly consume but repair and restore themselves, and provide
resources to the broader bioregional and biosphere cycles of carbon, nitrogen, phosphorus,
water and minerals (Newman and Jennings 2008). The philosophy behind regenerative

1

The term ‘sustainability’ in this thesis is used as a synonym to sustainable development.
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development is that it can generate more renewable energy than is consumed for its
productive functions, including forestry and agriculture industries, and the city’s biodiversity
plays a critical role in enabling regional biodiversity to be improved rather than depleted
(Newman et al. 2013). This revolutionary idea perceives regenerative development as
integrating cities by designing them as ecosystems as opposed to re-creating nature or
replacing its systems. This involves ecological engineering and a place-led approach to
precinct planning, as well as holistic thinking and design, which go beyond the sole
construction of buildings and space, to rather establishing city built environments that inspire
regenerative communities (Newman et al. 2013).
The choice to focus this PhD research on regenerative development at the precinct scale is
fundamentally an effort to provide validation and support for the notion that:
Cities will continue to be connected into the global web of technology and
ideas, but will seek to apply them at a local scale. Each element of the city
will play a part in service of the regenerative agenda, even if it consumes a
resource or generates waste. This reinforces the need to think of cities
holistically, operating as dynamic and highly complex systems (Newman et
al. 2013:4).
Cities recycling resources
Urban systems are regarded as ‘heterotrophic’ 2007 cited in Resilience Alliance 2007).
Unlike natural ecosystems urban resource use has been essentially linear; for example, waste
has been generated as an undesirable externality (Resilience Alliance 2007). Approaches to
understanding resource flows have been typically based on input-output models of
accounting and on energy and material fluxes, including biogeochemical (Odum and Odum
1980 cited in Resilience Alliance 2007:11), urban metabolism (Boyden et al. 1981 cited in
Resilience Alliance 2007:11) and ecological footprint (Folke et al. 1997, Luck et al. 2001
cited in Resilience Alliance 2007:11).
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Today humans need to learn from nature how to achieve a balance and ‘minimise applied
resource demand (internal entropy production), maximise the circulation of urban resource
flows; and utilise ambient resources (negentropy production)’ (Rees and Wackernagel 1996
pp.42-47). According to Orechhini (2007 cited in Kajikawa 2008), sustainable development
should not consume resources; rather it should reuse them endlessly. Humans have to
acquire the ability to bring order and chaos into a special balance - termed ‘edge of chaos’
(Waldrop et al. 1992).
New concerns

focus more

on understanding the critical interconnections

and

interdependencies along production, supply and consumption chains and strengthening these
linkages between upstream and downstream components (Hopkins 2007 cited in Resilience
Alliance 2007:11). From consumption side, cities offer opportunities to influence large
embedded carbon flows (Hubacek 2000 cited in Resilience Alliance 2007). An example is
linking producer with end-user through extended producer responsibility and consumer
feedback in a distributed model (Biggs et al. 2009).
This distributed model approach involves a more cyclic movement of resources away from
the mechanistic linear fashion (Biggs et al. 2009). For instance, there is growing literature in
the field of industrial ecology on the use of distributed systems to recycle material to reduce
and re-use waste produced from industry (Marshall 2007 cited in Resilience Alliance
2007:12). Distributed infrastructure for resource provision is inherent to this approach.
Various emerging local initiatives are showing signs that this transition is occurring. Some
early demonstrations of this can be seen in Newman and Jennings (2008), such as the water
recycling system in Kolding, Denmark.
Distributed city infrastructure
Cities are complex adaptive systems (Batty et al. 2005 cited in Folke 2006), they are ‘living’
systems, which are connected, open, and constantly evolving in many and varied ways to
both internal interactions and the influence of external factors (Bai et al. 2006 cited in Folke
2006). In accordance with complexity theory, Newman and Kenworthy (1999) argue that
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cities are not static but dynamic, and thus require a diversity of infrastructure that suits the
local environment, instead of the past ‘monotonous megalopolis’ (Newman et al. 1999:287).
These authors concede that the modern city reflects past mechanistic approaches to town
planning where each new suburb is rolled out as though it came from a factory, no matter
what the ecology of the area happens to be and with very little consideration or concession to
human creativity and community (Newman et al. 1999:287). By contrast, today’s concern for
sustainability reconstructs cities not as ‘deterministic, predictable and mechanistic’, but as
‘process dependent organic ones with feedbacks among multiple scales that allow these
systems to self-organise’ (Levin 2005 cited in Folke 2006:257).
With this view in mind, compared with conventional centralised systems, distributed
networks can offer a far greater range of infrastructure options for low carbon development,
which can be suited to match the needs of the specific local context and conditions of a
particular area. Biggs et al. argue that resource production and waste treatment occur at
many locations creating a ‘diversity of sources and access pathways; a web of flexible
interdependence in which no single actor or supplier is vital’ (Biggs et al. 2010:11).
Networks are designed to provide the efficient distribution or flow of resources at minimal
costs (Newman 2003). An assessment of networks of infrastructure systems that
distinguishes between the sinks, sources and other junctions can provide valuable
information on demand and supply of resources (Yazdani et al. 2010). Similarly, research on
the structure and function of city infrastructure networks can reveal important information on
robustness, vulnerability, and possible operational consequences as a result of component
failures (Yazdani et al. 2010). The distributed system is in essence a highly networked and
localised approach to production, distribution and consumption (Ren et al. 2010). According
to Ren and Gao (2010:1001), a distributed system is a ‘more complex system to design and
manage as it may introduce physical connections between traditionally separate supply
sectors.’
Building city resilience
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The resilience perspective has become increasingly popular for determining how well a city
can balance ecosystem and human functions (Gunderson et al. 2002) and adapt in the face of
climate change (Gunderson et al. 2002; Folke 2006). The term ‘resilience’ is the capacity of
a system to absorb shocks whilst withstanding change, and maintain the same function
(Walker et al. 2004; McDaniels et al. 2008), as well as advance the state through learning
and adaptation (Folke 2006). The Resilience Alliance (2007) has identified four priorities for
urban research including: metabolic flows, social dynamics, governance networks and built
environment, which can be investigated through resilience and complexity perspectives.
The traditional focus on streamlining operational processes with centralised infrastructure
networks that are inherently inflexible and can be ‘destabilised as a result of changed
environmental conditions, requiring a fundamental shift from the established style of
network management’ (Biggs et al. 2009:5), is turning towards building the capacity of cities
to adapt by increasing the physical resilience within infrastructure systems (McDaniels et al.
2007). This notion of Resilient Cities shifts the priority from merely diminishing the impact
of cities on the Earth’s natural resources to now cover their capacity to react effectively to
the shocks and stresses from climate change, environmental degradation and scarcity of
resources.
City urban systems, which provide ‘life line services’, are increasingly recognised as highly
interconnected and mutually interdependent (Perrow 1999 cited in Cutter et al. 2008:604)
and extremely vulnerable to failure from climate-related catastrophes (Vogela et al. 2007) or
even ‘terrorist attacks’ (Newman et al. 2009). A disruption in one area can cascade into
having impacts on other areas (Chang et al. 2002 cited in Cutter et al. 2008:604). These
infrastructure systems that provide pathways of inflow and processing of resources need to
be able to cope with a variety of shocks (Resilience Alliance 2007). McDaniels et al. (2008)
provide a conceptual framework for understanding the characteristics of resilient
infrastructure systems in terms of robustness and rapidity; and they explore decisions that
influence and enhance their resilience. The threat of climate change along with national
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security is stirring managers, users and system engineers to seriously consider distributed
systems as a viable alternative as they offer structural robustness, as well as loop
redundancy, and low cost and reliable operation along with carbon management
opportunities.
Decentralised governance
Governance perspectives are no longer based on hierarchical, authoritative and linear control
but new governing processes are concerned about flexibility, decentralisation and networked
specialisation (Metzl 2001). There is currently an emerging shift in ideology of governance
systems from traditional analytical models (Pierson 2004 cited in Duit et al. 2010), based on
linear and static ontology (King et al. 1994 cited in Duit et al. 2010) to an increased
emphasis on dynamic cross-system interactions and adaptability (Ostrom 2004; Folke 2006;
Teisman et al. 2009 cited in Duit et al. 2010). This arising decentralised structure of
governance is demonstrating a ‘development of governing styles in which boundaries
between public and private sectors have become blurred’ (Stoker 1998:17). Governance
refers to the ‘creation of a structure or an order which cannot be externally imposed but is the
result of the interaction of a multiplicity of governing and other influencing actors’
(Kooiman and Van Vliet 1993:64).
The term governance has been used in many contexts with various interpretations and
inferred meanings (Stoker 2013 cited in Razaghi et al. 2013). There is no overall concept of
how to define urban governance. It can refer to an organisational structure of the city
government; or ownership and operation of city infrastructure; or it can be about the role of
civic society as a player alongside local government (Razaghi and Finger 2013). In order to
define the meaning of urban governance that correlates with the work carried out in this PhD
research, certain definitions of governance are noteworthy for mentioning, and remain in line
with this research and its objectives. James Rosenau (1992) and Oran Young (2010) hold the
concept of ‘governance without government’ (Rosenau 1992).

This means neither

government nor anarchy, rather it implies a governance not as formal organisations enforcing
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rules, but a social function involving interdependent groups capable of resolving conflict,
facilitating cooperation, or, more generally, alleviating collective action problems in a world
of interdependent actors (Young 2010). Williamson (1998:76) defines governance along the
ideas of commons: ‘Governance is the mean by which order is accomplished in a relation
which potential conflict threatens to undo or upset opportunities to realise mutual gains.’ By
researching literature on governance it becomes evident that it is a phenomenon, which
emerges from relationships between actors, as mutual gains and conflicts do not arise out of
nothing. So, I am adopting the definition of governance by Razaghi and Finger (2013) as:
The system through which a kind of order is achieved among several actors
who are interacting with each other about a common issues (which is of
mutual interest for the involved parties) even though they might have
conflicting interest (Razaghi and Finger 2013:6).
With this definition in mind governance seeks to widen participation by taking a multi-actor
approach in order to encompass societal values and beliefs. It takes a long-term perspective
to create visions in which short-term objectives can be identified. It is focused on learning at
the niche level, experiments are used to identify how successful a particular pathway could
be, and use the notion of ‘learning by doing, and doing by learning’. It encompasses a
systems’ thinking approach that identifies that problems will span multiple domains, levels
and actors (Rotmans et al. 2001:9). This understanding of the term governance is applicable
to the thesis research work, as it relates to the notion of involving multi-stakeholder groups
in decision-making processes to make long-term strategies for solving urban and climate
change challenges. It also alludes to the notion of providing guidance to assist people
learning and facilitate action.
Governance models
This thesis contributes to knowledge about good governance models for low carbon
sustainable development; and emphasises a need to get a clear idea about what it means to be
a model. A model can be defined as a best practice integrating approach. In this case it
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would be best practice for low carbon sustainable development. The idea of a ‘governance
model’ or ‘model project’ addresses the important possibility of transferring insights and
practices to society at-large. Being a model means offering reproducible solutions to the
challenge of low carbon sustainable lifestyles.
The word ‘model’ means to create a degree of transferability, the desire to transfer ideas and
practices. This also begs the questions of to whom these ‘models’ should be transferred for
in the future; it also raises the question of whether these models should be given to media
representatives and scientists to bring ideas to society at-large. Therefore, the idea of
applicability is also important with the notion of ‘model’. This PhD research investigates the
value of governance models being prescribed for all of the civic community, in such a way
that enables widespread transferability and easy uptake and adoption among the community
at large.
Governance tools
The definition of the term ‘tools for governance’ refers to the need for the transformation of
governance along with the transformation of technological tools for governance to achieve
low carbon sustainable development outcomes. This idea supports the argument laid out in
the UN Assembly post 2015 agenda, whereby Archbishop Ndungane urges that ‘the post
2015 agenda must aim to create capability, invest in people and reverse inequality. With
inclusive democratic governance, effective leadership and political will, this is possible’
(The World We Want 2013:2). The notion of creating capability in nations is where the term
of ‘tools for governance’ applies, for in order to build capacity there is an inference that the
transferability of technology implies along with the associated technical skills and expertise
to harness its advantages.
The meaning behind tools for governance in this research points to the underlying
significance of technologies for creating business and employment opportunities,
transforming the delivery of social services, and improving governance and accountability,
along with decoupling economic growth from resource use (Broadband 2013). Governance
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tools are therefore discussed in this thesis as a means for enhancing the ability of local
governments and the stakeholder community involved in development to devise
comprehensive financial, and technological strategies for developing an environmentally
enhancing, restorative relationship between cities and the ecosystems from which they draw
resources (Girardet 2103).
Some new technologies will need to be developed to make low carbon sustainable
development possible, however, many science and technological tools already exist, but need
to be made more available and their adoption accelerated by more countries (UNSDSN
2013). Tools for governance in this research are explored for their significance for diffusing
technology, as well as further training of people to use technologies that promise to enhance
creative urban governance and decision making structures. The research supports the belief
proposed by Amitabh Kant at the 2012 United Nations ESCAP summit, that ‘technology will
be the key to creating socially equitable cities. These will be the new trend centres for the
future’ (UNESCAP 2011:12).
Carbon assessment modelling tools
Carbon assessment tools are being applied to measure the carbon impact of urban
developments and the associated buildings and infrastructure (energy supply, transport,
buildings, and water and waste sub-systems). These systems contribute to the carbon
consumption and production of people’s lifestyles. This PhD research is concerned with the
ability of such tools to build local governance capacity to measure precinct carbon
emissions, model alternate scenarios and pathways for less carbon intensive infrastructure
development, and ultimately inform policy, and enhance decision-making processes for
sustainable urbanism.
Remote sensing technologies
Space satellite data and remote sensing technology provides important information on
climate change and rising greenhouse gas emissions, as well as the impact human
development and natural phenomena have on Earth – and its world’s cities. This PhD
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examines the potential for satellite-based and remote sensing, GIS technological systems to
be integrated as a governance tool to assist municipalities with climate change mitigation and
sustainability strategies. In this sense, the PhD is concerned with whether remote sensing can
help demonstrate whether local remedial strategies for climate change mitigation are
succeeding; assist with planning, management and monitoring of distributed, zero and low
carbon infrastructure schemes; and facilitate informed discussion and decision-making
between stakeholders in the pursuit of delivering carbon reduction outcomes at the precinct
scale.
Remote sensing also holds potential to assist with the increasing interest and promotion of
‘smart cities.’ For instance, it holds promise to enhance the capacity of smart monitoring and
thus, optimum performance of integrated smart systems and their multiple linked sensors
with zero and low carbon infrastructure networks to enable a precinct to operate effectively
off the grid. Furthermore, remote sensing’s capacity to advance mobile communication
delivery of data to inform, monitor and respond to the overall ‘smart system’ and sensor
data management platforms holds promise for shaping the future of our world cities.
However, for the purpose of this PhD research, the potential of remote sensing as a
decision-making tool to assist municipal low carbon development will be the focus of study.
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RESEARCH QUESTION, AIMS AND OBJECTIVES

Research aims

The major research question of this PhD thesis is:
“How can urban governance be improved for decarbonising and regenerating city
precincts?”
Seeking solutions to this overarching question requires a multi-disciplinary approach by
incorporating the following fields of research: built environment and design, including
sustainable urban and regional planning; climate change science; policy and political
science, including public policy and administration; spatial sciences (space and remote
sensing, GIS technologies); and sustainability policy and civil society governance.
The focus of this research is on reducing the carbon emissions inherent within city precinct
urban energy, water and waste systems and on the potential of distributed, low carbon
infrastructure systems and decentralised governance models, and tools to support this goal.
In view of the scope of this study other fields of investigation such as related to cultural and
social behavioural sciences and health have been excluded, however, they are important
aspects to be examined for future research in terms of the transformation of ‘greening’ city
precincts and how this change will affect people’s lives.
The specific aims of the research are:
1. to understand current barriers and opportunities for decarbonising and regenerating
urban precincts;
2. to synthesise knowledge pertaining to governance models emerging to support
action towards decarbonising and regenerating urban precincts;
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3. to explore and apply software modelling tools that facilitate local decision-making
on infrastructure choices, carbon footprint, cost savings and environmental impact of
developments;
4. to investigate the potential application of space and remote sensing tools to assist
with decision-making involved with planning, development and monitoring of
developments.
The logic around the PhD research approach is to contribute new knowledge to support
decarbonising and regenerating city precincts on firstly, the barriers to and opportunities for
low carbon, sustainable urban development (focusing on distributed energy, water and waste
infrastructure schemes), secondly, the governance models to support local action, and
thirdly, the tools to facilitate decision-making involved in urban planning and development.
The study has chosen to investigate the potential of remote sensing as an important tool to
support decision-making due to the reason that remote sensing technology has advanced
immensely since the first LANDSAT (ERTS-1) launch in 1972. Today, remote sensing
technologies are being employed to achieve a better understanding of the Earth and its
terrestrial ecosystems, and its land processes at regional to local scales. For this reason, the
technology holds great promise for building governance capacity for sustainable
development at a local level, as it can provide real-world data and access to spatial and
analytical tools for local scales to improve decision-making. For example, remote sensing
can monitor spatio-temporal land use and land cover changes for city precincts with
LANDSAT multi-temporal images spanning a period of two decades (i.e. 1990-2011),
(Dekolo et al. 2014).
Considering, this thesis is essentially concerned with improving governance, including
enhancing decision-making capabilities and processes for realising sustainable urban
development, including the way people plan and develop their building, infrastructure so
they are not compromising the natural environment and adversely impacting the surrounding
resources. Accordingly, it follows that the application of remote sensing should be explored
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for its potential to improve the governance involved in urban precinct planning and
development decisions and processes, including the observation and analysis of less carbon
intensive infrastructure options, and their impact on local urban landscapes.
Technology is perhaps the greatest agent of change in the modern world, promising
innovative solutions to some of the greatest challenges of human history. Other technologies
such as mobile communication technology, fuel cell technology, and robotic and additive
construction technology and so on, hold great potential for advancing sustainable
development goals. However, space, remote sensing, and GIS technology is chosen as the
focal point of this PhD research due to its ability to observe and analyse the changing and
complex relationship between people and their environments, including the consequences of
climate change for urban areas and the effect of carbon mitigating strategies. Remote sensing
might help to optimise urban governance strategies for decarbonising and regenerating city
precincts as it can provide information on the possible changes city structure and land use
(new infrastructure, buildings, parks, streets etc.) have on the local climate and the effect of
changes on the urban landscape. By combining this knowledge, remote sensing may assist
decision-making for understanding which urban changes will likely aggravate unwanted
climatic effects and which urban changes can mitigate them.
This final stage of the PhD research brings six publications into a coherent whole, including
the use of definitions, methodology, research findings and contributions, building on the
already existing knowledge on the issues and emphasising the new contribution.
Research objectives
Based on the major research question and above aims there are four research objectives that
focus the thesis. The first objective provides the context for the thesis. The subsequent three
objectives are the basis of the new research carried out in the PhD study. The principal
objectives of the research are:
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1. harness appropriate methodologies for analysing case studies and eliciting reflection
on governance models for decarbonising and regenerating urban precincts;
2. document the governance models that can best guide decarbonised and regenerative
development, and assess the type of models which are most appropriate for certain
circumstances;
3. devise a framework for calculating carbon emissions in urban developments, and
produce new knowledge on the type of carbon assessment modelling tools that best
measure and model the carbon consequences of urban developments;
4. produce new knowledge on the possibilities available through partnership with space
agencies, and application of space and remote sensing tools for decarbonising and
regenerating urban precincts.
The way these objectives are achieved is explained below starting with the outline of the
publications, followed by the methodology of the research and its significance.
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1. Carbon assessment software modelling tools
List of publications
1. Beattie, C., Bunning J., Stewart, J., Newman,P., Anda, M. (2012). Measuring
Carbon for Urban Development Planning. International Journal of Climate Change
Impact Response 3 (2), 35-52.

2.

Bell, A., Bunning, J., Genxing, P., Ishwaran, N., Manfrinato, W., Zhijun, Yi.
(2014). Low Carbon Development: Is There a Future for Spatial Integration
across Sectors? Environmental Development. Retrieved 25 June 2014 from
http://dx.doi.org/10.1016/j.

Argument
Sustainable development is more concentrated on the alleged economic value of nature, and
assessing its worth in relation to the effectiveness of ecosystems – or eco-efficiency, to urban
development. Sustainability tools such as Life Cycle Analysis and Environmental
Management Systems are employed by businesses to create additional value with reduced
impact. This perception implies that cities are net consumers of resources and generators of
waste, and that minimising their adverse impacts is the only solution (Newman et al. 2013).
A gap exists for the evolution and provision of sustainability tools that not only calculate and
assess the detrimental consequences of human development, but also propose alternate
scenarios that enable imagination, creativity and innovation in the design of the built form of
cities.
Novelty and contributions
1. For the first time a comparative analysis is made of all software building assessment
tools that aim to reduce carbon emissions for sustainable urban development.
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2. The papers provide insight into new software tools, including the Kinesis carbonmodelling tool that can provide quantitative carbon data for sustainable land use
planning of urban developments.
3. The papers provides a benchmark for analysing the potential successful performance
of any future software tools for calculating carbon emissions or modelling
infrastructure development scenarios at the precinct scale.

2. Governance models
List of publications USE CONSISTENT NUMBERING
1. Bunning, J., Beattie, C., Rauland, V., Newman, P. (2013). Low-Carbon Sustainable
Precincts: An Australian Perspective. Sustainability 5(6), 2305-2326.

2. Bunning, J. (2014). Governance for Regenerative and Decarbonised Eco-City
Regions. Renewable Energy 67, 73-79.

3. Bunning, J. (2012). Governance Models Supportive of Distributed Green
Infrastructure for Decarbonised Resilient Cities. State of Australian Cities National
Conference 2011 (SOAC). SOAC, Melbourne, Australia. Retrieved 20 August 2012
from http://soac.fbe.unsw.edu.au/2011/papers/SOAC2011_0181_final.pdf.

Argument
The ‘downscaling’ of decision-making for urban management to local government raises a
series of concerns regarding the distribution of responsibility for carbon abatement within
and across jurisdiction boundaries. Further challenges relate to the capacity and willingness
of various people in power to react and the degree to which prevailing government
legislation and regulations facilitate or restrain urban and regional response (Lundqvist 2008;
While 2008).
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Within the new paradigm for decentralised governance a closer look is required into the
various limitations imposed upon innovative carbon mitigating schemes by local
government, and the extent to which these boundaries are obstructing progress in
decarbonising cities. Authorities are seeking guidance for improving city infrastructure and
performance, so it is of paramount importance that information and technology be shared
with the wider community to direct and expedite development that is favourable to the
wellbeing of humanity and the Planet.

Novelty and contributions
1. The need to direct action in local governance towards redesigning city precincts to
abate carbon emissions, build resiliency and nurture urban sustainability is
addressed.
2. The papers demonstrate local responses, including certain prototype partnerships
formed to decarbonise and regenerate urban development, defining their
characteristics, enabling factors, and guidelines and principles as successful models
for transferability, applicability and replication for other situations facing similar
circumstances and challenges.
3. The personalised interviews provide new information and knowledge on the
opportunities and barriers that are impeding societal progress in reconstructing itself
as a green economy based on decarbonised development, and the success and failure
stories uncovered help to decipher which governance tools are applicable given the
opportunities and barriers arising.

3. Remote sensing tools
List of publications
1. Bunning, J. (2013). Space Technology for Decarbonising City Precincts. Journal of
Geographic Information System 5, (5), 446-451.

31

Outline of the Publications
Argument
Technology incorporated into urban governance frameworks can be instrumental for
facilitating development purposes. The reason is that technology is the means by which
many of the mutual goals in a city become achievable as part of the governance system
(Razaghi and Finger 2013). Technological innovation and the generation of localised
applications that support the dissemination of knowledge and practical implementation
hold great promise if taken up by authorities and incorporated into enhancing decisionmaking, city management and the functioning of the city as a whole sustainable system.

Novelty and contributions
1. For the first time in academic literature a discussion is provided on the role of space
agencies and applicability of space, and remote sensing technologies for expediting
low carbon construction and regenerative development at the precinct scale.
2. The link between transferability of technologies and technical expertise and skills is
made with engaging, empowering local governments and communities to participate
effectively in sustainable low carbon urban precinct action.
3. New insight is given on the value of providing greater accessibility and transparency
of satellite and remote sensing data to assist people in making informed decisions
and appropriate actions towards developing a low carbon society.

Discussion
In summary, all three topics discuss opportunities for creating effective urban governance
that is instrumental for realising the progressive and experimental movement towards
decarbonising and regenerating city precincts. All papers are agnostic about traditional
Business-As-Usual trends for urban development as the path forward for attaining
sustainability goals. They highlight the urgent criticality of enhancing community capacity to
influence pro-environmental development that reflects a vested interest in the welfare of
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present and future generations. All papers also offer a way to overcome current obstacles and
open up possibilities for intervention against destructive trends of urban development.
This PhD research is ultimately about empowering people to take responsible action for
finding substitute pathways for city precinct construction, which restore and renew the
environment and secure human and planetary wellbeing. The six original refereed papers
selected for inclusion in this Series of Publication of Papers within the three topic areas have
all been published whilst enrolled as a PhD Candidate.
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The study uses only qualitative research methods, which are explained below together with
the various techniques and overall research design. Others in the decarbonising cities
research group at CUSP have made detailed quantitative studies on the case studies; the
resulting combinations of work include their data but the research for this thesis was
qualitative.
Qualitative research methods
Literature review
Thorough literature reviews were carried out to research definitions and investigate concepts
and theories linked with governance and decarbonised and regenerative urban development
as well as the new technologies associated with distributed infrastructure; and the various
modes and structures of governance emerging. The span of the review encompasses a
compilation of reliable professional and academic work, including reputable reports, journal
papers, books, databases, publications, media and press releases, newspapers, magazines,
movies and documentaries, web material, blogs, academic discussions and conference
papers. The literature review gave me the necessary insight into the topic to be able to pose
thoughtful research questions and objectives and all papers included in this PhD have a
literature review component.
Case studies
A qualitative case study methodology was selected as part of the literature review. Leach,
Warner and Owens (2010 as cited in Duit et al. 2010) show that analyses of governance and
infrastructure systems can be achieved using qualitative and case study techniques. The
solution is to ‘direct the analysis towards identifying system dynamics and governance
efforts to handle such efforts’ (Duit et al., 2010:364). Similarly, Yin (2003) stipulates that a
case study design should be initiated if the research seeks “how” and “why” questions, and is
thus well suited if the research seeks to know “why” and “how” a type of governance system
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has worked (or not). Baxter and Jack (2008) argue that the case study methodology provides
the tools for researchers to explore complex phenomena within their contexts using various
data sources, thus ensuring that by looking through multiple lenses various facets of the
phenomena and its essence are understood.
The case study research carried out in this thesis may be described as aligned with what
Robert Stake (1995) classifies as ‘instrumental’, as it seeks to offer insight, and gain
familiarity with a phenomenon – being the how and why certain ‘green’ developments are
succeeding, as opposed to an ‘intrinsic’ study, whose purpose is intended to understand only
a certain, particular case better. The above authors’ perspectives informed my choice for case
study research.
The multiple case studies (Yin 2003) were collectively comparatively analysed to decipher
the outstanding features that the cities shared in common, which made them revolutionary,
and notable models of decarbonised, and regenerative urban developments. Exploring
multiple cases enabled me to identify the similarities and differences within and between the
various developments with the goal of arriving at some conclusive guidelines, and valuable
learnt lessons that could be replicated, contributing to global knowledge for empowering
communities to take local action.
The case study research involved identifying, analysing and evaluating exceptional
illustrations of international and national case studies, which demonstrate best practices in
sustainable, low carbon development. The study is interested in exploring cities that have
integrated distributed energy, water and waste technology options into their urban fabric. In
particular, the research investigates the type of governance models and technical tools that
have assisted, and supported their implementation, including with their planning, developing,
managing, and monitoring. The specific areas of interest are the degree to which these cities’
technical and governance strategies have successfully been able to lower carbon emissions,
recycle resources and reduce harmful impacts of urbanisation on the local environment, as
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well as ameliorate the lifestyles and living conditions of city inhabitants, for example by
increasing social cohesion with innovative compact urban design.
Techniques of qualitative research
Interviews
Interviewing is used as a methodology throughout this thesis to pursue, acquire and compile
new and extensive information on existing knowledge, ideas and considerations (McNamara
1999) for decarbonising and regenerating city precincts. The participants in the study are
viewed more as ‘meaning makers’, rather than ‘passive conduits’ for retrieving information
(Kvale 1996). These ideas are in keeping with the concept that the qualitative interview
technique acts as a ‘guided conversation’ seeking to cover both a ‘factual and a meaning
level’ of its respondents (Kvale 1991). The research technique was chosen for its ability to
offer insightful glimpses and create shape to human experiences and identities (Gubrium and
Holstein 2002) of respondents, and reveal the story underneath their personal experience
(McNamara 1999). This insight was critical for understanding the pervasive and widespread
impact certain ‘thinking’ is having on achieving sustainability. The interviews could uncover
and verify the socio-political and economic influences that are affecting people’s minds and
subsequently affecting current decision-making in the development industry. James Spradley
(1980 cited in Gubrium and Holstein 2002) coins this process as making ‘cultural inferences’
by analysing the cultural patterns and themes of the interviewee’s social world. The
approach allowed me to see where certain thinking driving development is stemming from,
and how it is impinging the current pace at which decarbonised, regenerative urban
development is taking shape and form, and being realised.
The oral interview methodologies aim to expose some of the present day thinking that is
blocking innovative progress, as well as bring to light some of the challenges and frustrations
people in the urban development industry are facing. The interviews are also intended to
unearth some of the pioneering ideas and activities that are leading groundbreaking
developments in Australia and around the world. Most importantly they seek to understand
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the specific business case scenarios, governance models and technical tools used to support
certain developments. This thesis’ literature review experience brought to light the urgent
need for such information to be made more accessible, as it often remains in-house and is
difficult to retrieve or it exists with limited content. Therefore, the existing information gap
related to guidelines on governance models and tools for decarbonised and regenerative
development became my driving motivation for adopting interviews as a principal
methodology to gain further insight.
Ruth Park defines oral history as a record of information usually on tape as the result of a
planned interview (Park 1999 cited in Oliver 2013). The intended interview and the dynamic
between the two persons form the basis of oral history. Portelli believed that oral interviews
serve to reveal elements from the past that have been overlooked or eliminated, he claims
‘memory is not a passive depository of facts, but an active process of creating meanings’
(Portelli 1991:52). Along similar thinking, Hooton uses oral interviews as instruments to
awaken and open up people’s insight into a certain period in time due to the reason that she
views the past as another individual’s present experience (Hooton 1996).
Using this research tool, the thesis applies oral interviews as a method to capture the
individual stories linked with the individuals, groups and organisations, communities and
councils attempting to realise local sustainable low-carbon development initiatives, and bring
out into the open particular dramas involved in these activities. This technique is employed
to realise how people’s previous experiences have affected their present perceptions and
activities in the field. The interviews are also used to see whether certain tools are applicable
given the opportunities and barriers arising.
Block (1995) describes oral interviews as part of the great joys and the magic of oral history
because people return back in time, and re-envisage life as it appeared in the past. Since this
PhD research intends to record the local, national and international stories that are shaping
the current transition towards a green economy, storytelling is considered an important
mechanism for unfolding the layers of personal experience to find elements of truth. The
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work carried out in this research adopts the view that people relate better to personal
experiences, as they provide shape, body, tone and colour to topics in a manner that factual
documentation often fails.
Research design
Sampling
Recruitment strategies for these interviews were purposive. Interviews were carried out
between five major groups of participants, which included: state government, local
government, private sector, organisations, and academia. Bobbie Oliver (2013) supports the
notion that an interview carried out in isolation is merely a fragment, a small piece in the
mosaic of the total research. My study investigated a wide range of viewpoints to provide a
balanced and objective account of the debate surrounding sustainable and business-as-usual
development. The papers in my thesis discuss in detail the various targeted groups that were
interviewed; furthermore the publications demonstrate how the interviewees relate to the
case studies examined by the type of themes that emerged from the enquiry.
Interview questionnaire
An open interview style, which was not structured by a standard list of questions, was chosen
for the interviews as opposed to a structured (closed interview) style. This interview style
poses a broad range of questions, asking them in any order according to how the interview
develops (Breakwell et al. 1995). Selecting this methodology ensured that the research
became ‘attuned to who is being travelled with … rather than with setting out a precise route
for all to follow, as in survey research’ (Kvale 1996 cited in Gurbrium and Holstein
2002:86). Furthermore, the interviews could probe deeper into the initial responses of the
interviewee, which as Wimmer and Dominick (1997) believe, provides a more detailed
answer to the original question. This is in keeping with the purpose of the interviews to
provide insight and understanding into the barriers stalling decarbonised and regenerative
urban developments. Since the interviewee has more freedom to answer how they wish, new
light on issues can be thrown up (Wimmer et al. 1997:139), which can facilitate the exposure
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of new knowledge that might inspire and empower people and motivate innovation in
development.
Certain disadvantages of this methodology are the interview process can be unreliable due to
the inconsistency in the interview questions, which may create difficulties later on in coding
data (Creswell cited in Turner 2010). Turner (2010) insists on the importance of flexibility
and originality in the questioning as a key for success.
Interview process
The interview process is a far more personal style of research than questionnaires
(Valenzuela and Shrivastava 2005), the face-to-face interviews carried out in this work
provided the opportunity to observe respondents’ reactions to questions including their facial
expressions and body language. These ‘recognizable signs of emotional expression and
scenic practices such as direct eye contact and intimate gestures are widely understood to
reveal deep truths about individual selves … and the frame of social interaction accords
better with face-to-face interviews’ (Gubrium and Holstein 2002:11). Subsequently, by
adopting this interview process for the research, I could gain a deeper insight into the
participants’ feelings and views about the investigated topics, which gave me greater insight
into some of the hidden perceptions that are holding back; or vice versa the current thinking
that is leading innovative, low carbon sustainable development.
The personalised contact allowed the interview to organically spiral into deep discussion,
making its content far more substantial, exclusive, insightful, and meaningful. Subsequently,
the story would surface and the experience of that moment as Portelli (1991) refers to,
between the oral source and interviewer manifests and is created. At this moment the
interview has evolved from simply reiterating questions to establishing a genuine connection
with the interviewee. If I did not experience this process in my interviewing I considered that
although certain facts and a better understanding about a topic may have been acquired, a
sensitivity to the interviewee’s personalised viewpoint of the meaning around that issue had
not been grasped, and a subsequent lesser sensitivity to the drama of the interviewee’s
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personal narrative had not been obtained. According to Gubrium and Holstein (2002) this
type of in-depth interviewing is a social form and seeks deeper knowledge and information
than surveys or focus groups. It involves a particular style of social and interpersonal
interaction that develops and builds on intimacy.
Throughout the research carried out, over 50 participants were involved in the study. They
were interviewed during the period of 2010-2013 and their participation allowed the
concepts of this study to develop and materialise in 3 of the refereed publications included in
this thesis.
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Introduction
The broad conceptual notion of the significance of research itself can be understood in the
words of the famous Hudson Maxim: ‘all progress is born of inquiry. Doubt is often better
than overconfidence, for it leads to inquiry, and inquiry leads to invention’ (Maxim 2004 as
cited in Kothari 2004:5). The above statement points out that increased amounts of research
make progress possible. The purpose of research is to encourage scientific and inductive
thinking, and the succession of logical patterns of thoughts and organising. It is a release for
original ideas and understandings (Denzin 2005).
The research carried out in this PhD thesis aims to contribute to the existing stock of
knowledge, and the advancement of facilitating decision-making and action orientated
towards the growth of urban sustainability around the world. According to Chris and Kruger
(2005), research seeks to discover the truth that is hidden and which has not been discovered
yet, it explores the different perceptions of the field, to demonstrate the characteristics of
certain individuals, situations, and groups (descriptive research) to make an original
contribution to the existing pool of knowledge. This concept relates to how research is
employed throughout this thesis; that is to unveil new insights and understanding into the
risks and uncertainties prevailing in the development industry with regard to sustainability
and low carbon precincts, in the hope that this information will shine some light over the
creative possibilities for unleashing new strategies for reducing carbon emissions and
tackling urban challenges at the precinct level.
Precinct scale solutions for green growth
As has been discussed throughout this PhD, governments and their communities today must
find solutions to resolving and managing the immensely complex, socio-political, economic
and environmental issues related to the acceleration of localised urban and climate changes
challenges. At the United Nations Economic and Social Commission for Asia Pacific
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(ESCAP) fifth Asia-Pacific Urban Forum (APUF-5) held in Thailand in 2011, Prof. Nay
Htun the Director of International Programmes, Advanced Energy Centre for New York, and
former Assistant Secretary-General at UN Environmental Programme and UN Development
Programme declared that ‘there is a fierce urgency to do something now in the urban areas
… no matter whether a country is big or small, rich or poor, landlocked or an island State, all
countries are confronted with the problems of urbanisation’ (UNESCAP 2011:9).
This PhD research vocalises the need to look to cities as solutions at the precinct scale for the
world’s sustainability and climate crisis. It is important to provide ‘guidelines for solving
different business, governmental and social problems’ (Kothari 2004:7). In particular the
PhD research offers an enquiry into the types of governance models available for precinct
scale, and the role of technological tools, including carbon assessment modelling and
remote sensing tools for improving local governance at the precinct level as a means for
restoring and repairing the Earth’s fragile condition and creating a more safe, reliable and
sustainable world.
There is increasing evidence to support the concept that democratic governance, peace and
security, and the rule of law, including protection of human rights, are critical to sustainable
development (Robinson et al. 2013). Improving local governance at the precinct level is
emerging as a major step for progressing countries towards sustainable development goals
(OHCR et al. 2013). Research into improving urban governance at the precinct level is
needed because the success of governments to adapt to conditions of scarcity and volatile
environmental change will rely on appropriate forms of local governance to manage those
changes at the precinct scale, just as much as on the infrastructure hardware (Kajikawa
2008). Thus markedly, analysis of local governance systems is of as much significance as
investigation of the appropriate infrastructure solutions for urban, precinct development.
Muigai (2009:1) stipulates that ‘cities are spatial embodiments of governance decisions and
economic negotiations, which have a cause effect relationship with climate change’. Once
the underlying political ideology that shapes decision making of a society transforms, then
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naturally changes in urban planning manifest too (Resilience Alliance 2007). If we can get
governance right at the local level, and improve local decision-making we can therefore
impact the imagining processes involved in building our entire cities, and shaping our future.
The UN declares: ‘our cities are the frontline of sustainability and what happens here will
determine the future for all’ (UNSDSN 2013:9).
Green business case models
The notion of a ‘Sustainable City’ has emerged with two different identities; one is led by
private enterprises and is oriented towards reductions and economic efficiency, the other
strives towards UN aspirations of creating a safe, clean and equitable environment (Newman
and Jennings 2008). Much research has concentrated on the value of low carbon sustainable
development as well as the key characteristics that determine such a city including mixeduse high-density neighbourhoods, transit-orientated development, high-density living and
integrated planning. Noticeable demonstrations of this emerging have been explored that
show New and Green Urbanism, such as Dongtan on China’s Chongming Island (concept
only), London’s BedZED and Laguna Beach in California (Newman et al. 2013, Thomson et
al. 2014). The paper by Reiche (2010) for instance, describes in detail the key characteristics
of the carbon-neutral town in Masdar City in Abu Dhabi, including the drivers and barriers
behind the project and principal actors for its implementation.
However, although much effort and thought has gone into describing the features for these
new archetypes of cities, substantial academic analysis is yet to fully emerge on how to fulfil
the potential for city precincts to become zero or low carbon and sustainable, and thus how
to guide, and shape development at the precinct scale. This includes the specific local
governance models and technological tools that can support the long-term functioning and
management of city infrastructure for low-carbon construction. There is in addition, little
academic literature that explains the benefits, opportunities or outcomes of using one
particular governance model or tool over another for the planning and management of
decarbonised and regenerative development at the precinct level. Even so, the UN is urging
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local governments to learn good practices from one another to strengthen local governance
capacity to better deal with the present day urban socio-economic and environmental
sustainability challenges within their local context (UNESCAP 2011). The PhD research
supports this international call for governance models and best practices by illustrating and
describing the various options for partnerships arising between both the public and private
sector investment in infrastructure to support green growth.
National and local governments around the world are under pressure to support investment
as many countries are suffering from aging and inadequate infrastructure. The lack of urban
infrastructure deprives India, for example, of 15 per cent of its economic growth potential
(Wegelin 2012). Although a well-built public transport system is the backbone of a
sustainable city, the investment demand for infrastructure is enormous. Governments alone
cannot bridge that gap - other avenues of financing are definitely required. Public-private
partnerships are a path forward; however these are not always effective. Although the private
sector can be efficient in building infrastructure and providing services, it is primarily
motivated by profit and cannot guarantee inclusiveness and sustainability (UNESCAP 2011).
Moreover market-driven urban development may exclude the urban poor and other
marginalised groups from affordable housing, reliable basic infrastructure and participation
in decision-making (Wegelin 2012). This PhD research demonstrates how communities can
be engaged to ensure inclusivity in precinct development processes.
Innovative technologies for informed decision-making
The need to create a compelling regional vision of development was highlighted at the
Southeast Asia/Australia regional workshop on the Sustainable Development Goals:
Priorities and Solutions held in Kuala Lumpur, Malaysia 7-8 November 2013. It was noted
that if people continue to sing the same song they would acquire the same song, or outcome.
We need a new song – or one might say rhythm. Over 80 senior leaders from different
regional countries participated in the event. They recognised that while a high-degree of
willingness is evident to cooperate towards sustainable development, the breakdown usually
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derives from a lack of implementation, which is partly due to insufficient data and
knowledge. Hence, the participants stressed the significant role science, technology and
innovation had to play within the realm of sustainable development but most of all that
implementation of this technology through appropriate governance was essential. With this
in mind, it is important to realise that enabling communities the opportunity to access spacederived data and remote sensing products will rely on world broadband connectivity being
provided to as many areas as possible so that people can have access to information in real
time, even on their mobile devices.
This thesis holds practical significance for contributing new knowledge on the availability
and application of software and remote sensing tools, such as the Kinesis carbon
management and sustainable land use planning tools to deliver precinct scale solutions.
These are for local governments, public/private developers and civil society to enable them
to address their carbon emissions and other elements of urban liveability through modelling
alternate scenarios for zero or low carbon urban, precinct development. The generated
knowledge is intended to facilitate all stakeholders and factions of society involved in
designing the city urban fabric by providing clear guidance on valuable decision-making
tools that can improve desirable choices for development.
The Kinesis tools are applied in this research even though they were propriety software
purchased by the developers and councils involved. Notably, discussions are now underway
in Australia to enable a similar tool to become open source through the Cooperative
Research Centres (CRCs) in Spatial Information and Low Carbon Living. It is imperative
that these types of open software and remote sensing tools and associated data, which are
often sold in a ‘black box’ approach, be liberated to establish a base for freedom of new
knowledge. Restraining people’s access to these tools holds implications for the extent to
which they can make informed decisions and act appropriately. This PhD study impresses
this urgent need for local government and civil society to have greater accessibility to
technology as a basic requirement for empowering their decision-making skills to be capable
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of realising decarbonised and regenerative precinct development. The communities will
apply the information as they see fit but the important element is that they will be able to
understand how to contribute to sustainable urbanism. This research explores the value of
giving individuals the tools to process information for themselves, in order to empower their
creative decision-making abilities, and enable them to produce informed actions.
Local training in good governance approaches and tools
On a similar line, real progress has yet to be obtained due to the lack of professionals who
have the capacity to implement sustainable development methodologies. This includes the
ability of professionals to develop appropriate governance business case scenarios to manage
their urban sustainability initiatives, or employ the technological tools to enable the
necessary planning, implementing and monitoring over time of a development project.
Another shortfall has been the political short-term agenda whereby decarbonised and
regenerative development by nature requires long-term planning and cannot fit. Therefore, it
is imperative to educate young professionals with technical expertise and skills for
envisaging decarbonised and regenerative urban development, so hopefully some will be
involved in its governance and become the decision-makers for tomorrow.
Similarly, recently, I have been working closely with UNESCO and the Government of
Vietnam to assist this country in putting its strategy on sustainable development and climate
change in place. What are missing are the alternative solutions that can be proposed to the
local communities. We require a new generation of professionals in Vietnam and indeed all
of the emerging growth areas of the world that can have the knowledge, and tools to model
and propose alterative scenarios and implement the solutions.
International co-operation for green growth
Politics in all countries are often more preoccupied with short-term issues, while
governments frequently lack the timely information required for achieving long-term
sustainable development solutions. Therefore, it is necessary that academics, scientists, and
technology experts exterior to government explore and examine development pathways and
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demonstrations to support problem solving related to the highly complex issues facing the
21st Century. Professor Jeffrey Sachs, director of the Earth Institute and Special Advisor to
the UN Secretary-General on the Millennium Development Goals, as well as leader of the
new sustainable development initiative, The Sustainable Development Solutions Network
(SDSN) has stated, ‘we can’t afford business as usual. We need to engage the academic and
scientific community, and tap into worldwide technological know-how in the private sector
and civil society, in order to develop and implement practical solutions’ (UN 2012:2).
Similarly, Ted Turner, global business leader, philanthropist and founder of CNN and the
United Nations Foundation has stated that ‘we need development solutions based in science,
and we need them now. The future and its people are at stake’ (UN 2012:2). A wide range of
technical and management solutions are already available, but so far implementation has
been far too slow and too little (Girardet 2010). The UNSDSN aims to promote smart and
effective action before it is too late (UN 2012:2). The series of published papers presented as
part of this PhD research contribute to the above goals of generating more knowledge,
academic research and understanding in the field to facilitate and precipitate current
national and international efforts to put green growth at the heart of development.

47

Research Significance for Implementation

RESEARCH

SIGNIFICANCE

OF

CONTRIBUTION

FOR

IMPLEMENTATION

Improved knowledge and understanding of barriers and opportunities for low
carbon precinct development
Inform developers on infrastructure choices and appropriate governance approaches
The thesis’ papers have provided insight into some of the key political, economic and
social barriers for implementation of zero and low carbon, distributed infrastructure
systems. The research showed that these barriers cause additional time, work, difficulties,
and costly expenses, and thus impede innovation and progress towards realising low
carbon precinct development.
Developers should commit more thought and attention at the beginning of a project to
seeking solutions to sidestepping present barriers for low carbon precinct development,
and in doing so determine the proper context and conditions necessary to support and
realise the project’s goals. More consideration needs to be given by public and private
developers to examining how the zero and low carbon technology solutions will be
integrated and supported by a robust commercial business case and commercial analysis,
which tests against the ‘business as usual model.’ Specific governance frameworks
should outline the return on investment and payback period needed to guarantee the
scheme remains economically efficient, and viable over time, thus meeting the expected
return on investment required by investors within the Australian and international
market.
Improved knowledge and understanding of the obstacles and opportunities for low carbon
precinct development, generated in this PhD research, will enable developers to become
more aware of the type of bottlenecks to expect when embarking on low carbon precinct
development. In effect, this information will allow developers to decide from the start,
what type of integrated infrastructure and governance approaches need to be adopted to
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overcome barriers that disadvantage a project’s economic viability and stifle market
confidence in green growth precinct development.
Advise government reviewal and reform of development regulations and legislation
Government development regulations and legislation are based on an outdated centralised
infrastructure model that does not accommodate nor encourage new, zero and low carbon
distributed infrastructure technology and integrated smart systems entering the market.
The PhD research showed that the private sector is increasingly becoming a key driver for
green growth in precinct development. However, current market barriers burden and
constrain private industry involvement and investment, and deter ‘green’ innovative
inventions to rise from the private sector.
Governments need to review and reform current regulations, policy and legislative
frameworks surrounding urban development, and examine those statutory, regulatory
and political barriers that are not facilitating green growth in the market. The
government should determine its role in amending those barriers to deliver outcomes,
and work to update policy, government, and regulatory settings to help facilitate high
performance, low carbon precinct development, while still ensuring a level of risk
management.
A free, open and contestable market is needed to facilitate green, sustainable enterprises
and decarbonise development. Ultimately, better outcomes can be delivered if a
competitive market is established that motivates and incentivises private industry, such as
through permits and licences that aim to spur on the generation of the best solutions
technically, technologically and environmentally for sustainable urbanism. Enhancing the
private sector role will in the long run enable it to contribute and accelerate a global
transformation towards a green economy.
Enhance inter-municipal collaboration for improved service delivery
The PhD thesis identified that the emerging multi-layered decentralised governance
approach to development is providing local authorities and their precinct communities
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more autonomy to make decisions on local infrastructure choices. Enhancing intermunicipal collaboration has been presented as an opportunity for local authorities to
embrace in order to build their capacity for zero and low carbon precinct development
Municipalities should embrace these opportunities for inter-municipal collaboration
among neighbouring precincts to develop high performance distributed, integrated zero
and low carbon energy, water and waste, transport and building infrastructure systems
linked with state-of-the-art smart grids systems to deal with cross-boundary precinct
urban and climate change challenges.
Precincts infrastructure systems often share surrounding local resources, if municipalities
merge their financial and technical capital, as well as expertise rather than operating as
isolated silos, their capacity will increase to develop a more holistic, cost effective,
efficient and resilient ‘green’ approach for precinct service delivery. Building municipal
resources will subsequently attract private sector investment and participation in zero and
low carbon precinct development.
Municipalities and their precinct communities should also give greater consideration to
the inflow and exchange of resources within their precinct, neighbouring precincts and
the surrounding precinct areas, in terms of processing those resources within the
biosphere.
Finding the synergies and trade-offs at a precinct scale and the exchanges between
precincts will increase the resilience and continuous supply of resources and
fundamentally help to regenerate precincts, and drive the commercial viability and overall
sustainability of low carbon precincts.
Good governance models for decarbonising and regenerating precincts
Build local governance capacity
The PhD research has pointed out that further development, implementation, monitoring,
evaluation, education, promotion of good governance approaches are needed to guide and
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build local governance capacity for national and international action towards high
performance, zero and low carbon precinct development, and in turn enable a global
transformation towards a green economy.
Rigorous, detailed, and effective guidance on governance models for decarbonising and
regenerating city precincts should be developed in collaboration with international
organisations, governments, professional groups, and universities. The governance
models should be guided by robust standards, effective procedures, and an accountable
structure. Standards should reflect the risks and management procedures involved in the
models with the purpose to advice and educate potential public, private or community
developers pursuing low or zero carbon precinct development. Furthermore, leaders with
particular expertise should translate their expertise into model policies, and best
practices that make reasonably uniform definitions, procedures, standards, and norms.
The models should also include creative considerations of independent funding options
for low carbon precinct demonstration projects.
The development of more interdisciplinary research to support good governance models
including better knowledge and understanding of the conceptual, definitional, ethical,
legal, empirical, theoretical, and policy facets involved in good governance models will
help to better inform and educate local governments, private and public developers, and
community groups on governance strategies and practices, and hence build local
governance capacity to better implement, manage and monitor zero or low carbon
precinct development.
Encourage public and private collaboration
Despite apparent resistance, confusion, motivation and lack of vision for low carbon
precinct development there remains a consistent and clear call from society for increased
collaboration among all sectors for sustainable and decarbonised development of our
cities. This PhD thesis research similarly suggests that governments alone are insufficient
for solving today’s urban and climate change challenges, and in contrast the participation
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of all society is required including communities, the private sector, universities, research
institutions and civil society. Cooperation between governments and businesses is
imperative, ‘where sustainable development requires structural transformations in
business models, for example to decarbonise the energy system, governments must lead,
working with businesses to enable the needed transformations. (UNSDSN 2013:24).
Both private and public sector should work together in partnerships to facilitate funding
sustainable infrastructure and low carbon precinct development, in an approach that is
effective, responsible and rational for all partners (UNESCAP 2011). Certain principles
as well as lessons learnt of sustainable urbanism should be transferred through
international and regional platforms, such as the UNSDSN to guide communities in
developed and developing countries on the type of models that can best suit their
particular environment and circumstances.
The private sector relies on the State to secure a steady business environment and the
State needs communities and civil society to realise social goals (UNESCAP 2011). Some
demonstrations of where and how collaboration among public and private sectors of this
nature are working are demonstrated throughout this PhD thesis. These public-private
partnership models can be replicated or modified by municipalities and developers who
share similar circumstances.
Improved decision-making tools to support governance for low carbon precinct
development
Today many cities around the world are expanding in size and population; since the
growth is occurring fairly rapidly, much urban development is characterised as
uncontrolled, sporadic, and sprawling without proper governance tools in place to support
development. Obviously, the changes resulting from city expansion have severe
ecological consequences and pose a great deal of challenges to environmental
sustainability at local precinct and global scales. Consequently, municipal governments
are being pressured to re-examine their urban infrastructure systems, locate major

52

Research Significance for Implementation
contributors of carbon emissions, and invest in decarbonising their precincts with less
carbon intensive infrastructure schemes. The PhD research stresses the need for decisionmaking tools to help local governments with evaluating the effect of urban growth; as
well as identifying and prioritising carbon mitigating infrastructure options,
understanding their impacts and trade-offs, and determining the effect various staged
planning decisions will have on the precinct development over time.
Carbon assessment software tools
The thesis research demonstrates that there is a gap in the market for tools that can
provide carbon metrics to monitor carbon emission in urban developments. Municipalities
require better carbon assessment tools that can provide quantifiable carbon data on the
whole lifecycle of a development to assist with decision-making at a local level and
enable cities to realise and appropriate carbon reduction targets.
Software carbon modelling tools that facilitate local municipal decision-makers on
infrastructure choices, carbon footprint, cost savings and environmental impact should
be further developed by government bodies, universities, research institutes,
organisations and private industry and be made more easily accessible to facilitate zero
and low carbon precinct development. Carbon assessment tools need to be further
developed that are less expensive and more freely available to the public for precinct
level authorities whom might lack the funds to obtain the appropriate data and
information at the precinct level.
Greater access to carbon assessment tools will facilitate all public, private and community
factions and stakeholders of society involved in designing our city urban fabric. Further
development of technological innovation, such as the examined by this PhD Kinesis tool,
which considers the whole precinct lifecycle of its buildings and infrastructures, will in
the end assist users on carbon mitigating action, and determining targets based on
informed decisions of carbon consequences resulting from the modelling of low carbon
precinct strategies and outcomes.
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Remote sensing technologies
Cities need to invest in the construction and improvement of low carbon infrastructure
systems to reduce carbon emissions but also to meet the demands of growing populations,
as well as remain competitive. This thesis demonstrates the concept and utility of space,
remote sensing and GIS technologies being applied to facilitate local authorities in low
carbon precinct development.
Managers, such as land managers and urban planners in the city municipalities as well
as local government councils and other government and non-governmental agencies
dealing with precinct land use, management and development, should adopt space, and
remote sensing, GIS technologies. Greater access of remote sensing technologies needs to
be given to these users so they can better calculate the greenhouse gas emissions inherent
in our city precinct urban systems, and assess how to lower the overall carbon footprint
and environmental impact of growing urban development.
Developing better access for local municipalities to remote sensing tools will enable city
planners to benefit from timely and accurate data management of urban systems and city
resources. City municipalities will also benefit from enhanced visual platforms for
conceptualising and understanding delivered outcomes of modelled precinct scenarios
that are utile for enhancing community, stakeholder participation in decision-making
processes for low carbon precinct development.
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CONCLUSIONS AND FUTURE DIRECTIONS

This PhD study set out to explore the fundamental question:
“How can urban governance be improved for decarbonising and regenerating city
precincts?”
The emerging threats of climate change have leveraged the worldwide interest in green
growth approaches to sustainable development. The public attention given today to the
threat of greenhouse gases and the basic acknowledgment of the need for city
governments and their communities to take action to decarbonise and regenerate
development has prompted a greater consideration for more effective good governance
and institutional requirements to support green growth. The subject of good governance is
of utmost significance to decarbonising development because the structural infrastructure
changes required for lowering carbon emissions rely heavily on governments having the
appropriate governance frameworks, policy settings and legislative conditions in place to
enable the transformation. Since it is increasingly recognised that cities are becoming a
key driver for greener growth, in order to enhance this role, local authorities, private
sector and communities require good practices identified to direct their efforts towards
realising sustainable urbanism. There is a lack of synthesised information on good
governance models and tools in the current literature. To address this gap, this PhD
generated six publications, with each one tackling different components related to
improving urban governance for decarbonising and regenerating urban precincts. All in
all, the research showed that urban governance can be improved for decarbonising and
regenerating city precincts by: establishing enabling regulative and legislative governance
frameworks and policy settings that support implementation of innovative, distributed
zero and low carbon infrastructure systems; overthrowing associated political, market and
social barriers; providing guidance on good governance models that foster collaboration
of all sectors of society, and can be backed by robust commercial business cases; and
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ensuring decision-making tools, such as carbon assessment modelling software tools and
remote sensing technologies are made readily accessible to local governments and public
and private developers to facilitate the planning, management and monitoring of zero and
low carbon precinct development.
There were a series of aims for the PhD research:
1. to understand current barriers and opportunities for decarbonising and
regenerating urban precincts;
2. to synthesise knowledge pertaining to governance models emerging to support
action towards decarbonising and regenerating urban precincts;
3. to explore and apply software modelling tools that facilitate local decisionmaking on infrastructure choices, carbon footprint, cost savings and
environmental impact of developments;
4. to investigate the potential application of space and remote sensing tools to assist
with decision-making involved with planning, development and monitoring of
developments.
These aims were elaborated throughout the PhD publications and a summary of how this
was done is set out in Table 1. This section synthesises the empirical findings that address
each of the aims of the PhD research.
1. Understand current barriers and opportunities for decarbonising and
regenerating urban precincts
As demonstrated, distributed precinct scale, zero and low carbon energy, water and waste
infrastructure systems hold potential for dramatically reducing city carbon emissions, and
lowering the environmental impact of urban growth. Although for the most part, many
embedded barriers still obstruct progress in implementing such schemes as a result of
outdated government regulations that favour conventional, centralised schemes.
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Since precincts have been demonstrated to have the appropriate scale for carbon
reductions, ultimately governments need to give greater attention to redesigning city
precincts with a refocus on smaller scale delivery of services. In the long run, this will
build climate resiliency, maximise the efficiency of zero and low carbon technologies,
and lower the impact of development on the natural surrounding environment and local
resources.
It if of paramount importance that those current barriers blocking distributed, low carbon
energy, water and wastewater treatment technologies are reviewed. All in all, these
schemes share similar barriers associated with market, economies of scale, viability and
lack of information and public confidence. Certainly, these barriers are deterring and
constraining innovative action towards reducing carbon emissions and subsequently,
disadvantaging the potential of cities to achieve high performance sustainable urbanism.
On the whole, outdated urban planning and regulatory systems based on old, centralised
models need to be updated to allow new distributed schemes to freely participate in the
market; a policy shift is required; costs must be adjusted to fairly reflect their value; and
complicated and timely processes must be streamlined to facilitate and guide developers
in gaining approvals. Establishing governance approaches that incentivise innovation,
such as permitting and licensing systems, tax breaks, or underwriting startup costs will
help to dissolve economic barriers, and assist green growth. Generally speaking,
incentives that enhance private sector contribution will further accelerate sustainable
enterprise. So by and large, actions made by governments to overcome political barriers,
such as regulatory disincentives and lack of knowledge will build market confidence and
mobilise private sector investment.
In essence, the decentralisation of government towards precinct-orientated governance is
opening up opportunities for councils and their communities to have greater autonomy
over decision-making and participation in sustainable urbanism. As can be seen,
decarbonising and regenerating city precincts requires a multilevel governance approach
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as well as multi-stakeholder engagement. Usually, key factors in the analysis of
governance are the credibility of “temporal” commitments (in view of longer-term policy
stability) and inclusiveness. In as far as public governance systems are often weak,
lacking transparency in sector regulations and management, for the most part the role of
industry, public-private partnerships and voluntarism by individual members of
community has progressively risen in importance.
Strengthening cooperation among precincts will provide the diversity of load for green
technology options to become more viable for the whole municipality. Furthermore,
pooling financial resources between multiple municipalities will build capital to stimulate
confidence in private sector funding of precinct-scale, green infrastructure projects.
Overall for cities to move forward, they need to overthrow current regulations and
legislative frameworks, and as demonstrated in the PhD case studies, once freed from
complexities, new distributed infrastructure opportunities have the potential to be
profitable. In the long run cities of all sizes will need to “green” their operations, and
strive towards high performance as a whole through adopting ecologically more
sustainable production, consumption and distribution patterns. In doing so, they can tap
into new markets and increase competitiveness, whilst reducing their detrimental effect
on the environment and in effect, climate change. All together the papers show that the
development of low carbon precincts will provide highly desirable lifestyle and business
options for green growth, have less impact on the environment, generate lower carbon
emissions, and optimise new green technology advancements to generate attractive
sustainable economic benefits for green business and industry in Australia and
internationally.
2. Synthesise knowledge pertaining to governance models emerging to support
action towards decarbonising and regenerating urban precincts
The purpose of this study was to enhance understanding and build evidence-based
guidance on the governance models available that are proving to support green growth in
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precinct development. The thesis has also considered the appropriate combinations of
financing instruments most relevant at different stages that have facilitated the
introduction of new, cleaner technologies and infrastructure schemes at the precinct level.
Overall, local ownership and operation of utilities and provision of district services, such
as the municipally-owned model has meant local governments have had considerable
control over implementing low carbon, distributed schemes and have been able to
reinvest revenue back into the community. Municipality-owned schemes, such as the City
of Kuopio, Finland can obtain loans from the municipalities for investment, and to sustain
their business if markets are too expensive, in return they provide part of their profit to
the overall council budget. As a consequence, the municipality avoids unnecessary unfair
costs that provide economic barriers in usual circumstances. On the other hand, as shown
in the case studies of Woking and London in the UK, as well as Sydney, Australia the
ESCO public private partnership (PPP) model where governments have less ownership
has risen as a popular choice for after all, they benefit from additional financial resources
and expertise from private sector partner operation, which lessens responsibility and risk
for councils. Sydney’s fund-reimbursement financial mechanism proved to be utile for
dispersing funds in a targeted way to ensure a larger, more economically viable system
could be connected. All things considered, transferring technical and commercial risks to
the market can help to alleviate current public perceptions of risk and uncertainty and
hence, dissolve certain social barriers against distributed, zero and low carbon
infrastructure schemes. In essence, the above case studies show that a multi-level
governance approach has often been implemented to support new distributed
infrastructure at the precinct level. Conversely, the Independent Power Producer (IPP)
model can operate power independently from government legislation related to the energy
grid, thus avoiding burdensome regulations, and political and market barriers. As
explained in the papers, IPP developers can be entirely privately owned, and have the
potential to attract large long-term investors to secure the upfront capital if they have
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secured strong financial backing to be acceptable to enter into long-term contracts, such
as with banks. On the contrary, the co-operative models are generally able to permit a
diverse range of public and private members becoming stakeholders. They have the
benefit of allowing community groups to seek treasury funds from the government on a
loan, or no loan interest. Therefore, in spite of co-operatives having to assume the risk
and management of a project, they nevertheless receive a government guaranteed loan,
which eliminates the need to approach banks and justify the project.
The community-owned model allowed Fremantle members to raise money to build
infrastructure through equity/debt financing from corporate sponsors and overcome retaillicensing restrictions. The return invested back into the wind farm promises to generate a
sizeable dividend to community shareholders and investors, as well as provide additional
capital to carry out similar projects. In fact, as the community owns the bulk of the
company they have been empowered to put pressure on government to change policies.
Comparatively, the Joint Venture Partnership (JPV) model for decarbonised development
shows potential for sidestepping economic barriers, associated with high head works
costs. Although the model has certain limitations for application within the city precinct,
as discussed in the PhD publications, it certainly presents an opportunity for regional
decarbonised development and for building super towns to accommodate rising
populations among Western Australia’s communities who require new infrastructure for
towns that typically already fringe off the grid. On the other hand, it is also an
opportunity for remote Aboriginal indigenous communities seeking to become selfsufficient from government whose repeated proposals to stop funding of municipal
services threaten to dissolve their entire communities. Accordingly, distributed systems in
these remote locations could offer an ideal place for piloting projects that aim to take
regional towns off the grid.
Although a range of models are emerging that were shown to support low carbon precinct
development, as yet there is no one overriding model to suit all situations. Be that as it
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may, the various models highlighted in this PhD thesis present a portfolio of possible
governance approaches that could be adopted by municipalities addressing similar socioeconomic and political circumstances in their precincts. Obviously, the local context will
influence the decision of whether one model will be more applicable than another.
However, the case studies demonstrate that there are governance options, and the research
provides overall insight into the type of public and private relationships, as well as
financing mechanisms that are being devised to support precinct sustainability goals.
3. Explore and apply software modelling tools that facilitate local decision-making
on infrastructure choices, carbon footprint, cost savings and environmental impact
of developments.
The thesis’ papers identified a framework for measuring the carbon emissions involved in
the lifecycle of a development with the ARC Linkage Project model. All in all, the review
demonstrated that there is currently no tool available that meets all of the framework
requirements for sustainable, low carbon development. Definitely the e-Tool was found to
calculate metrics for primary energy use, carbon emissions and operational costs of
electricity supply including power used for water supplies and sewerage. However,
limitations of the e-Tool tool included the inability to calculate carbon emissions
attributable to the layout of an urban development, such as the occupants’ transport fuel
and waste emissions whereas, these can be done with the CCAP Precinct tool.
Overall, the CCAP Precinct tool moves beyond ratings and checklists and serves as a
planning and design tool for assessing environmental, economic and social indicators
within urban areas. The tool enables measurements of carbon emissions in energy, water
usage, land use, transport and material embodied in development. The applied research
showed that the Kinesis modelling tool provides the best evidence of demonstrating the
effective outcomes for quantifying carbon emissions for proposed design strategies, and
hence currently the most effective support for decision-makers. The work has important
implications for implementation as it heightens the modern need for bridging the gap
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between the availability and accessibility of such technologies, as well as harvesting the
associated benefits partnerships from this industry can bring.
As shown from the above points noted, the solution points to a suite of tools so that the
gaps identified in construction carbon emissions and waste emissions can be calculated.
All together the study contributed to this research topic on low carbon precinct
development by identifying tools, which could be used across various precinct
developments for collecting data and producing carbon assessment data, although none of
the tools are completely covering all carbon sources yet. All things considered, the
importance of the linkages across the proposed framework model has to remain at the
forefront of this research as the holistic outcome, which is the objective behind the
application of the tools in their assessment. The next generation of carbon assessment
tools needs to recognise urban developments as entire metabolic systems with complex
networks of infrastructure that make-up the total carbon footprint, rather than separate
individual buildings. Ultimately, an improved understanding is necessary of all the
elements of urban carbon footprint and the sources of carbon emissions within the urban
system. Altogether, the impact that specific choice of infrastructure has on carbon flows,
costs and trade-offs that result from such design decisions can therefore be carried out.
Certainly, the transition to precinct scale assessment that is happening globally is
recognition of the need for this urban systems approach; that is reflected in the power of
the CCAP Precinct tool to give perspective on what urban development strategies are cost
effective and will reduce carbon emissions.
4. Investigate the potential application of space and remote sensing tools to assist
with decision-making involved with planning, development and monitoring of
developments.
Ultimately, if city governments and their precinct communities are going to substantially
reduce carbon emissions they will need innovative governance models supported by stateof-the art technology. As shown throughout the thesis, remote sensing technology is one
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such tool that holds potential for facilitating the planning, mapping, management, and
monitoring of local green development action, and for assessing the emissions inherent in
city urban systems.
Altogether, strengthening the technical resources of municipalities holds potential to
improve governance, and to boost municipalities’ abilities to attract private sector
investment in precinct-scale infrastructure projects. As the papers show, 3D quality
visualisations, high resolution satellite imagery, detailed GPS compatible GIS maps,
drone imagery, and quantifiable converted, carbon data can provide compelling visual
material backed with convincing data. For after all, a picture is often worth a thousand
words. In any event, a heightened visual platform for local authorities to determine the
potential outcomes of certain modelled scenarios can facilitate conceptualisation and
understanding of the impacts and responses of applied green development strategies, and
act as a persuasive tool for communicating results to possible investors and community
stakeholders. Certainly, satellite imagery, remote sensing data and drone technology
could provide excellent support for the documentation and visualisation of a precinct’s
local environment, and for alerting local authorities of any sudden changes affecting the
resiliency of urban systems and their infrastructure. Not to mention, remote sensing
technology holds potential as a tool for assessing how precincts might evolve over time
with certain staged planning decisions for low carbon development, including the impact
that certain staged infrastructure choices may have on local environmental resources over
a period, and the potential carbon reductions and cost savings that may be realised for
local government and the community by the implementation of certain stage
infrastructure choices.
As the papers note, fostering stronger linkages at finer scales between local authorities
and remote sensing agencies rather than with isolated, hierarchical, and generalised
governance systems could ultimately enable precincts to have access to, and obtain data
that is the most relevant to their specific urban or climate change challenge. Moreover, if
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local authorities can communicate more easily with remote sensing specialists they might
gain an improved understanding of the remote sensing results and consequences, hence
this will equip decision-makers to better detect, quickly respond to, and deal with local
issues in their context. After all, such challenges are extremely location-specific and
complex, requiring many scales of intervention to effectively deal with emissions
reduction. Local authorities and their precinct communities could in turn provide valuable
on-the-ground information to improve the accuracy of space-satellite derived data.
All things considered, local authorities could benefit from remote sensing tools to identify
where to prioritise their carbon mitigating actions and to understand the impacts and
trade-offs of certain decisions and the investment costs involved in choosing one strategy
over another. Given these points, enhanced understanding and knowledge, as well as
training at this level would help close the information gap, improve confidence, and ease
the communication flow among all stakeholders involved in the delivery of precinctlevel, low carbon solutions. Ultimately, communities require better access to, and training
of appropriate remote sensing tools instead of relying on insufficient technical resources
that hamper decision-making abilities, subsequent green growth innovation. Remote
sensing software tools and applications that could perhaps help municipalities model or
map various scenarios are often expensive, insufficient not readily available at the
precinct scale, or require extensive training for users. Or, Geographical Information
Systems (GIS) technology is presented as a “black box‟ to protect commercial interests,
so users have limited access to manipulating data, configuring scenarios and hence, being
in control of making important assumptions linked with urban planning decisions.
Developing better access to and training of remote sensing tools that aid in the
development of integrated, more efficient low carbon systems for the provision of energy,
water, waste, and transport services may eventually help cities not only reduce their
overall impact on carbon emissions but also become more sustainable and resilient to the
impacts of climate change.
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Table 1 Link between research aims and individual publications
Research Aim

Publication
Journal Paper 2

Research Aim 1

To understand current barriers and
opportunities for decarbonising and
regenerating urban precincts

Governance for Regenerative and
Decarbonised Eco-City Regions.
Journal Paper 4
Low-Carbon Sustainable Precincts: An
Australian Perspective.
Conference Proceeding 1
Governance Models Supportive of
Distributed Green Infrastructure for
Decarbonised Resilient Cities.
Journal Paper 2

Research Aim 2

To synthesise knowledge pertaining
to governance models emerging to
support action towards
decarbonising and regenerating
urban precincts

Governance for Regenerative and
Decarbonised Eco-City Regions.
Journal Paper 4
Low-Carbon Sustainable Precincts: An
Australian Perspective.
Conference Proceeding 1
Governance Models Supportive of
Distributed Green Infrastructure for
Decarbonised Resilient Cities.

Research Aim 3

Research Aim 4

To explore and apply software
modelling tools that facilitate local
decision-making on infrastructure
choices, carbon footprint, cost
savings and environmental impact
of developments

Journal Paper 1

To investigate the potential
application of space and remote
sensing tools to assist with
decision-making involved with
planning, development and
monitoring of developments

Journal Paper 3

Low carbon development: is there a future
for spatial integration across sectors?
Journal Paper 5
Measuring Carbon for Urban Development
Planning.

Space Technology for Decarbonising City
Precincts.

Future Research
A range of further questions for consideration arises from the study carried out in this
PhD thesis that could be considered as future research and directions on the subject; they
are discussed below.
More cross sharing of information, and new knowledge and experiences between
municipalities on the type of strategies councils have used to deal with urban and climate
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change challenges is required. This includes the business cases councils have created, and
the research undertaken to avoid reinventing the wheel and experiencing the same issues
and problems that other councils have already undergone (Pettitt 2012). Lack of
knowledge and lack of experience create incurring costs to the development process
(Shashkoff 2012). More attention is needed into the types of platforms that can facilitate
sharing information, for scaling up pilot experiences, and further study is needed into
which platforms are more successful for dissemination of knowledge and experiences.
For example, the UNSDSN wishes to increase awareness across the Asia-Pacific region
on models for sustainable development (particularly on cities), so more research is
required into the kind of information and communication technology that would facilitate
this objective.
While this research concluded that there are certain types of models for governance that
are emerging as supportive of green growth development at the precinct scale but as yet
no one overriding model, there is still plenty of space in the academic body of literature to
carry out further investigation into the different forms and structures of partnerships, and
business case elements that can serve specific types of environments, circumstances and
their contexts. This prompts further questions concerning issues such as: Is one particular
‘classification’ of a type of model more plausible for decarbonised and regenerative urban
development among certain districts that share similar characteristics than others?
Further research into the particular features of various classifications of models is needed
to make it easier for communities to recognise their applicability to existing needs and
concerns and easily modify and replicate the scenarios to suit their communities’ similar
conditions. The thesis calls for more examination into the type of governance models that
are more appropriate for certain circumstances and environments than others, so as to
create a ‘bank of models for governance’ that can guide countries and their
municipalities.
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Finance represents one of the biggest hurdles for implementing decarbonised and
regenerative development. The whole vision does not necessarily have to happen all at
once. Municipalities can do things in steps, bringing people along the journey (McMahon
2012). It is often unrealistic for people to be able to deliver the whole low carbon
citywide solution all at once, due to competition for financial resources. So further
consideration would be beneficial into how councils can take a small bite, as a step
forward towards the long-term plan. Further study can inform how to ‘take bigger steps
and smaller bites,’ meaning to build prototypes and embed them in projects that prove
their success or prove what elements need to change to make it succeed before taking the
project to a wider scale. Finance and governance can either shift cities onto an inclusive
and sustainable path or be a barrier to progress. More research is needed into the
regulatory and financial frameworks that can provide incentives to drive change. This
includes innovative approaches to financing capital expenditure of development through
public partnerships with the private sector (UNESCAP 2011).
New styles of governance that seek to ‘roll out’ revolutionary forms of urbanism over
conventional infrastructural systems are seen by some authors (Hodson and Marvin 2009)
as threatening to reorganise instead of replace new resource partnerships and
interdependencies. They are concerned about the rising alliances and city governance
networks, and corporate and environmental organisations and insist further research is
required on the consequences that will occur from this change. It is also argued that more
discussion is required on the political tensions, conflicts and social resistance to
distributed cities as ideal solutions that may likely emerge if imposed. This is worth some
thought into how to integrate new carbon mitigating schemes into a community
harmoniously and sensitively in order to minimise any tensions sprouting up (Hodson and
Marvin 2009). Hodson and Marvin (2009:212) raise further pertinent questions worthy of
consideration as to whether radical new infrastructure systems are designed to ‘secure the
divisible securitization of resources at the metropolitan scale through world cities, rather
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than actively contributing to wider collective solutions for the implication for climate
change and resource constraint’. More enquiries into the consequences and implications
for society, for any large-scale urban transition are necessary in order to ensure changes
are beneficial to the community at large, rather than one small segment. Therefore, future
research could consider the citywide changes that need to be addressed, rather than only
the precinct scale changes, for transformation towards a green economy to succeed. This
research might include the opportunities and limitations of transforming the city from the
city ‘down’ as opposed to the precinct ‘up,’ or perhaps studies into whether the change
could occur as an integrated simultaneous process and could benefit governments. Along
with citywide changes, another worthy area for future investigation could be into the need
for improving governance for peri-urban areas to achieve green growth development that
often suffers more severe consequences of city expansion. Further research into the
governance models and tools that could assist these areas could benefit the communities
dealing with problems of climate change, poverty, stagnation, lack of tenure, lack of
infrastructure, land speculation, pollution, natural resource depletion and diminution of
agro-ecological and rural lands (Dekolo et al. 2014).
Further development of tools that account for the carbon emissions of the entire life cycle
or a development will help to guide communities on their carbon footprint as a whole
urban metabolism. Likewise, further research is required into other emerging software
tools that can provide qualitative carbon data, as Kinesis poses limitations to its
accessibility, affordability and capacity to encompass all parts of urban design, such as
emissions generated from waste. This improved knowledge of carbon emissions will help
stakeholders understand mitigation opportunities and appropriate targets based on
informed decisions of carbon consequences for delivering a portfolio of strategies for
carbon reduction action.
As discussed in this thesis, the focus of research has been on the sub-systems of provision
of infrastructure, and other critical areas such as food, the energy/greenhouse cost of
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information systems and transportation, were not included as part of the study objectives.
However, future research could consider their impact in determining the overall carbon
content of urban precinct developments, and their carbon implications and contribution to
waste.
Another area of research requiring further investigation is how remote sensing technology
can improve local educational management capacities for climate change response and
disaster risk mitigation. Also, what kind of training is required by authorities to engage
and use new satellite technologies emerging for this purpose. More awareness is needed
into how satellite images can be used to enrich and strengthen local capacity and support
for better understanding carbon emissions, natural disasters, and associated preparedness
activities. Furthermore, more analysis is needed into how satellite technology can assist
authorities in devising responsive strategies for improving the implementation of urban
development, and management of urban resources that have less adverse impacts on the
environment and are more beneficial to both human and planetary wellbeing.
As the city precinct is after all about people’s lives the cultural and social behavioural
sciences, assessing the impact of transformative low carbon precinct development impact
on people’s health could be an excellent pathway for research in the field. Alternately,
further research might benefit the topic into the potential value of state-of-the-art
technologies associated with transport and logistics, robotic and additive construction
technology and mobile communications being applied to facilitate city carbon reduction
goals, and smart city construction.
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