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Abstract: The 2020 collapse of the global economy due to the Covid-19 pandemic has enabled us to
think about long term trends and what the future could hold for our cities and regions, especially
due to the climate agenda. The paper sets out the historical precedents for economic transitions after
collapses that unleash new technologically based innovation waves. These are shown to be associated
with different energy and infrastructure priorities and their transport and resulting urban forms.
The new technologies in the past were emerging but mainstreamed as the new economy was built on
new investments. The paper suggests that the new economy, for the next 30 years, is likely to be driven
by the Paris Agreement and Sustainable Development Goals (SDGs) agendas (summarised as zero
carbon–zero poverty) and will have a strong base in a cluster of innovative technologies: renewable
energy, electromobility, smart cities, hydrogen-based industry, circular economy technologies, and
biophilic urbanism. The first three are well underway, and the other three will need interventions if
not cultural changes and may miss being mainstreamed in this recovery but could still play a minor
role in the new economy. The resulting urban transformations are likely to build on Covid-19
through “global localism” and could lead to five new features: (1) relocalised centres with distributed
infrastructure, (2) tailored innovations in each urban fabric, (3) less car dependence, (4) symbiotic
partnerships for funding, and (5) rewritten manuals for urban professionals. This period needs
human creativity to play a role in revitalising the human dimension of cities. The next wave following
this may be more about regenerative development.
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“Historically, pandemics have forced humans to break with the past and imagine the world anew.
This one is no different. It is a portal, a gateway between one world and the next.” Arundhati Roy [1].

1. Introduction: What Covid Has Done to Cities

The 2020s began with apocalyptic bushfires across Australia that were unprecedented and
harboured the sense that the future had arrived in terms of climate change [2]. However, the Covid-19
pandemic that quickly followed became global and historical in its impact on economies, especially
in cities. Not only was it equivalent in impact to the global crash of the 1930s, but it changed our
view of what the future could be like. As in other periods of traumatic change, the collapse acts
as a catalyst for new markets, and we begin to find hope for long felt visions that could rise out of
the ashes of despair [1,3,4]. This paper picks up on the imperative by setting out some historical
precedents for how economies have recovered from collapses and created a new world economy where
cities were transformed, and a more hopeful future emerged in ways that had been imagined but not
truly foreseen.

Cities in 2020 retreated inwards as lockdowns and quarantine became the major focus.
However, two transformative changes happened: we telecommunicated in large groups, and we used
our local places like never before. There was a huge increase in the use of the internet, computers and
mobile phones to create solutions for family connections, conferences, business meetings, shopping
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and entertainment. These systems were available before but had not been mainstreamed in their
use, especially the ability to have large groups and businesses conduct business-as-usual. Thus, our
cities survived, but fossil-fuel-based travel by plane and car reduced dramatically—by 80% in many
places [5]. Citizens used local services and places within a short walk much more and could have used
a lot more if they were available. The question then is raised whether the economy could recover better
if there were greater use of ICT-replaced travel, as well as a range of other localised services that can
replace the need for travel. These appear to be two of the factors that could transform our cities.

The paper will pick up this theme and apply it to a range of other available innovations that could
be and are likely to be mainstreamed in the next global economy. It will build on the literature for
historic economic collapses to show how we can better understand the emergence of innovations;
it will then outline what is emerging as the most significant new innovations, especially related to
climate mitigation and also transformative economic development. Some will be seen as rapidly
mainstreaming and some as much harder to mainstream. Then, it will apply these to how urban
environments are likely to be changed in this emerging future, as well as suggesting some potential
human dimensions as the basis of more transformative change.

2. Historical Precedents for Urban Responses after Economic Collapse

The Russian economist Kondratieff [6] set out the history and future of innovation in a series of
economic waves that was used by Schumpeter [7,8] to explain the “creative destruction” of business
and the “cluster of technologies” that rose out of economic collapses. Their work was expanded more
recently by Freeman and Soete [9] into the theory of long-cycles of economic development. In 2005,
Hargroves and Smith [10] built on this and suggested that these waves of innovation could be expressed
as in Figure 1 and that the next wave would be related to sustainability innovations. Others like Hall
and Preston [11] and Batty [12] suggested that smart city technologies would be the focus of the next
wave. In more recent times, it has been the green economy [3,13].
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Figure 1. Waves of innovation through industrial history and into the future. Source: Adapted from
Hargroves and Smith [10].

In Table 1 the ideas developed by Freeman and Soete [9] and Mathews [3] are summarized,
showing what has happened after each major economic collapse in western industrial economies
over the past 200 years and how five new economic waves grew out of technological innovations that
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quickly became mainstreamed with different business models. Added to this table are the associated
energy and infrastructure systems that drove each of the economic waves and what that meant in
terms of transport and urban form.

Table 1. The waves of innovation following economic collapse in the past 250 years and what they
meant for business models, energy and infrastructure, transport and urban form, with potential options
for the next wave.

Economic Waves
Technological
Innovations

Emerging
Business Model Energy and

Infrastructure
Transport and City

Form

1. 1780s to 1840s
Industrial

Revolution

Water Power
Iron

Mechanisation
Textiles

Commerce

Small and cottage
industries

Water power and
horse power, canals

and sailing ship
ports; roads for

carriages linking
cities

Walking cities
rapidly densifying

from industry

2. 1840s “Hard
Times” then

Victorian
Prosperity

Steam power
Rail Road

Steel
Cotton

Cottage Industries
into Large Capital

Firms and Factories

Wood and Steam
into Train Systems

Walking Cities into
Rail based Linear

Urban
Development

3. 1890s Great
Depression then

Belle Epoque

Electricity
Chemicals

Internal
Combustion

Engine

Monopolistic
Fordist

Firms and Factories

Coal and Electric
Tram and Train

Systems

Tram- and
Train-based
Corridors

4. 1930s Great
Crash then
Keynesian

Growth

Petrochemicals
Aviation

Electronics
Space

Multinationals
Modernism Oil and Freeways Automobile- based

Urban Sprawl

5. 1980s Dot-Com
Recession then

Knowledge
Economy

Digital Networks
Biotechnology
Information
Technology

Flexible
Specialisation and

Networked
Globalism

Superhighway and
ICT Systems

Revival of Urban
Centres around

Knowledge
Economy

6. 2020s Covid
Collapse then

Green Economy

Renewable Energy
Circular Economy

Smart City

Global
Localisation.

Renewables with
batteries,

Electro Mobility
especially

noncar-based,
Smart Cities,

Hydrogen for
industry,

Circular Economy,
Biophilic Urbanism

Relocalised
Centres, Smart,

Distributed
Infrastructure,

Transit Activated
Corridors fed by

Micromobility, AVs
and Active
Transport.

The sixth wave of innovation is likely to emerge out of the Covid-driven economic collapse.
As with the other waves, the innovations began to emerge before the collapse, so Figure 1 and Table 1
list those that could be the new cluster of technologies shaping the new economy. The innovations
that appear to be emerging from the ashes of the economy laid waste by the Covid pandemic will be
outlined next, some of which may not mainstream easily, as well as how the cluster of innovations
are likely to transform our cities of the 21st century through a business model that has been called
Global Localisation.

The long-wave theory of how innovations develop has fed into the transition management work
by Frantzeskaki et al. [14,15] and Malekpour et al. [16], as well as the sociotechnical transition theory
of Geels [17–20]. Both groups are seeking to find how technological innovations can be enabled more



Urban Sci. 2020, 4, 32 4 of 29

effectively as part of cities, with all their cultural, social and institutional barriers. This research has
been very helpful for decision-makers and professionals to see how they need to bring whole system
structures into their plans for delivering innovations. They are mostly, however, dealing with a world
that is pre-Covid, when there was significant momentum behind the economic system at that time,
with lock-in based on investments in infrastructure, buildings, people and manuals of how things
should be done [21]. Economic collapses mean there is a discontinuity which is far more significant for
opening up economies, cities and culture to rapid change than the incremental understandings in most
scenario work [22]. Assets become stranded, and investment shifts to the new options, with potential
to last longer. Hence, these barriers may be significantly reduced as the world starts up again because
economic collapse may have “cleaned the slate” as Le Corbusier said as he pushed the modernist
agenda after the 1930s collapse [23]. However, the barriers may also remain and make change very
difficult. This will be examined with the cluster of six technological systems outlined below as emerging
options for the recovery of urban economies post-Covid.

The agenda for at least until 2030, but even up to 2100, has been set by two major global
agreements from recent years with virtually universal acceptance: the Paris Agreement and the
Sustainable Development Goals. However, they are only slowly being adopted. This agenda can be
summarised as zero carbon and zero poverty, to be operationally integrated, i.e., to be achieved in
symbiosis. The innovations for this agenda are able to attract the cultural and political momentum of
something much wanted and needed but not possible until now [24,25]. This agenda has been the
subject for much urban transformation literature, particularly stressing the need for new integrated
solutions that address the nexus between changes in energy, transport, water, waste and biodiversity
and how they shape our cities [26,27].

Zero poverty will be clearly a major agenda as unemployment becomes widespread
(e.g., US unemployment rose from 3.5% to 14.7% in the first few months of the pandemic, with much
higher levels in the developing world). Underemployment, especially in the emerging nations and
cities, will need to be met by significantly more grassroots development and good governance to
make it equitable [28]. The opportunity for rapid growth in the new economy is there as Garnaut [29]
shows there is a surplus of savings in the world, so the cost of capital is going to be low for many
years; hence, substantial long-term loans can drive the next economy. However, the character of such
development will be very dependent on factors like the social/equity agenda associated with the
investment process and also global factors like the degree of free trade [29].

Zero carbon is also widespread in its support. The demonstrations of the Climate Emergency
and Extinction Rebellion are deeply felt, and action has been wanted for some time, with the recent
bushfire events highlighting its priority [2]. The time to act more decisively and to make changes
may now be here as the economy supporting fossil fuels, with all its support structures, has fallen
away and the slate has been largely cleaned for a new economy to emerge. The political and business
agenda could now shift to those who see the next few decades as unfolding with a need for more of
the innovations that are now clearly on this agenda. However, it may also be a struggle to make such
changes happen due to a lack of deliverability. The paper will examine the likely innovations that
will lead in this post-Covid new economy, and then, it will assess their deliverability as well as their
implications for cities.

3. Long-Wave Innovation Theory and Potentials in the New Economy

The next phase of technological innovation will build on what has been emerging, but cities,
nations and investors have not been able to break through into mainstreaming the systems that deliver
it, just as this has happened in the past. The future that is outlined below can emerge very quickly after
a major downturn [1,24] and should not surprise us as scenarios are usually presented without the
discontinuities, such as a pandemic, that undermine the economic certainties of the previous era [22,30].
The suggested emerging cluster of innovations for a zero carbon–zero poverty agenda is outlined
in Table 1 and below with some of their rationale and early adopters: renewable energy, especially
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solar PV with batteries; electromobility, especially with nonautomobile systems; smart cities, especially
sensors, apps and ICT focused on localised distribution and efficient demand management; hydrogen,
especially replacing fossil fuels in heavy industry; technologies associated with circular economy and
biophilic urbanism. These will be adopted through a globally and locally focused economic growth
agenda with its urban transformations and, hopefully, with some of the equity concerns of Roy [1] and
Sachs [28].

For the global economy to work optimally, it needs to have all the best zero-carbon technologies,
as outlined below. However, it also needs to create employment that can enable the zero-poverty
agenda. Although in the past, these have been coupled so that economic growth has caused increasing
greenhouse emissions, the past decade has begun to show how these can be decoupled [31]. Thus, the
technologies outlined below are mostly cost-effective, enabling an agenda where zero-carbon can
be achieved along with zero-poverty in new economic development strategies as part of the new
economy [32].

Cities will be the focus of such development as history has shown that cities are where economic
growth can best be enabled, particularly in the last 200 years [33,34], thus supporting the zero-poverty
agenda. It is also where new technologies that are supportive of the zero-carbon agenda are likely to
be rapidly adopted, as that is where they are already beginning to be applied. Thus, the zero-poverty
and zero-carbon agendas are likely to be rolled out in a synchronistic manner, integrating the economic
and environmental agendas. However, it is also possible to imagine how the technologies could be
rolled out in a highly inequitable way, and so, the social, cultural and political agendas will always
need to ensure that inequitable economic growth in the new economy is avoided [35,36].

3.1. Renewable Energy, Especially PV and Batteries

The dramatic growth in renewable energy (solar and wind) globally in the past decade has been
due to these technologies quickly becoming the cheapest form of power, as well as being easy to
mass-produce and implement in most cities and most economic systems [37,38]. Organisations that
predict the future based on previous growth patterns have constantly got this wrong as these are
disruptive innovations [32,39], particularly roof-top solar, as it enables very local production and
consumption to be integrated [31] and this provides the base for other infrastructure to be localised.

The new patterns of urbanism that are emerging around these systems are already showing why
cities will become much more distributed into local areas of infrastructure management, but they
will still fit into a citywide or regionwide grid system for equity and balance [40–42]. The rapid
growth in solar has now moved into shared solar systems for medium- and high-density housing,
enabled by localised solar utilities with batteries and other technologies for enabling sharing such
as community-based storage and blockchain-based management [41,43,44]. Industrial estates with
shared solar appear to be next, as well as rural and remote systems [41,45].

The next agenda appears to be how to achieve grid stabilisation, and this seems to be heading
toward localised, community-scale batteries [41,46–48]. These are becoming available for many other
urban functions, including electromobility, which, as shown below, can be part of grid stabilisation.
Gas turbines (and diesel backup in small grids) have been seen as necessary for grid stabilisation,
but Li-ion batteries are now cost-effective at over 150 MW, showing that they are now cheaper than
gas turbines and more effective at providing a rapid peaking function [49]. Electromobility, as shown
below, can also help with grid stabilization.

Thus, 100% renewable power systems can now be built cost-effectively. In the US, a report from
the Goldman School of Public Policy at UC Berkeley [50] has shown that the US grid can be 90%
renewable by 2035 and will be a major generator of employment, with over 600,000 jobs per year being
created, replacing 100,000 jobs lost in the old fossil-fuel-based system, thus creating 9 million extra
job-years from 2020 to 2035. A report on the Australian grid [51] shows that it can be 75% renewable
by 2025, pushed mostly by roof-top solar. Old coal and gas power in the Covid downturn are being
avoided as new solar and battery systems have marginal costs of zero; thus, reductions in demand
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for fossil fuel-based power must be made. This will only hasten their phase-out. The latest data
from the US shows how dramatically this switch is happening due to the sharp decline in demand
(Figure 2). This is a real discontinuity not seen by modellers and planners, who have based the future
on incremental change.
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The same phenomenon of accelerated adoption of renewables has been seen across all 41 nations
in the OECD [42], where IEA data showed that in March 2020, compared to the previous year, electricity
fell by 3.6% and coal fell by 21.6%, as solar grew 15.6%, wind by 4.0% and gas by a mere 2.7% (and
that was nearly all in North America). Such is a classic example of how exponential growth in
renewables and batteries can be expected to take over power grids in the near post-Covid future.
This is a market-driven process but is helped by the large and growing sector of ethical investing and
even the world’s largest finance company, Blackrock [53].

The investment in renewables is also enabling new manufacturing centres to emerge with much
better local job creation if the products are created from localised renewables [54]. Zero poverty
associated with a just transition can also be a goal in areas based around coal, oil and gas, but the
cost-effective manufacturing opportunities will rapidly shift to the best sites for renewables [29].

Renewables seem to be well underway and are likely to be a major part of the post-Covid
new economy.

3.2. Electromobility, Micromobility, Transit, Walkability and Active Transport

Electromobility is also a disruptive innovation that has begun to emerge in recent years [35].
With a growth rate of over 40% per year, predictions for how quickly the internal combustion engine
(ICE) will be phased out of new vehicles are now coming down into the 2020s [55]. The reasons
electromobility is disruptive are similar to solar and wind: the electric vehicles are rapidly reducing
in cost as battery packs have reduced from USD1000/Kwh in 2010 to less than USD200/Kwh in
2020, and the technology is preferred for many other social and environmental reasons, especially
cleaning up local air pollution [55–57], with new data showing that Covid viruses are carried by diesel
particulates [58–61].

Bloomberg New Energy Finance [62] suggests the capital costs of electric vehicles will be equal to
gasoline and diesel vehicles in 2022, and operational costs will be much less. The next electric vehicle
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types to roll off assembly lines in large numbers in the early 2020s will be electric buses [63] and electric
trucks [64], with some decades before ships and planes.

Concern over the growth in consumption of battery minerals has been seen as a constraint on this
rapidly growing Li-ion battery market [65] despite low commodity prices even before the pandemic.
Responses to this show that these minerals are needed in very small quantities compared to iron and
aluminium and the growth of assured supplies with ethical and transparent mining systems, as well as
growing recycling opportunities, suggest these concerns are being addressed [66–69]. However, much
more recycling and a much-reduced consumption of energy are necessary agendas for multiple reasons,
addressed below in Smart City opportunities.

Disruption is demand-driven, like the smartphone, but those cities adapting to new systems with
the cluster of solar-battery electric vehicles (EVs) are also seeing common-good outcomes that they can
assist [29]. These public benefits are especially seen in how EVs are assisting electromobility in the
new forms of micromobility and new midtier electric transit (often referred to as trackless trams, [70]),
which have multiple benefits in overcoming automobile dependence, the double-edged sword of the
last big economic wave after the 1930s.

Micromobility. Micromobility electric vehicles are all small, local transport technologies that
support walking, e.g., electric tuk-tuks, electric bikes, electric scooters and electric skateboards,
which are becoming a major part of the EV revolution [71]. The growth of these modes in Chinese
cities [72] and places like Delhi (currently the city with the fifth-biggest recharge system in the world,
see [73]) is driven by the need to reduce air pollution, but the EVs are also part of the active transport
movement that shows substantial health and economic benefits when car dependence is reduced [74].
For example, 46% of car journeys in the US go just 3 miles or less, which can simply be replaced by
local micromobility-based journeys; 30% of micromobility riders are doing just that [71].

Electric micromobility can also develop a range of new functions relevant to local centres (a growing
focus for the new economy), which could include local delivery of online parcels. The rapid growth in
parcel delivery vans has been a major part of growing traffic in the US [75] and this problem can be
solved if parcels were delivered locally by micromobility small E-vans that could also be autonomous
(as demonstrated in some cities during the Covid lockdown). They can be delivered regionally by
trackless trams (see below) along corridors providing parcels to station precincts, where local delivery
vehicle hubs can be located.

All forms of electromobility need recharging, and in cities, these can become part of a new recharge
hub or battery-storage precinct that is based strategically to support the grid balance needed to ensure
universal access and resilience. Such recharge hubs are likely to be driven by power utilities paying for
the grid services as well as users’ refuelling charges, as are being found in cities moving to electrify
their bus-fleets (e.g., Shenzen and Canberra). In Canberra, 60% of their electric bus recharge power
costs will be obtained from roof-top solar grid services at bus depots [76]. These recharge services can
be available to the multitude of micromobility vehicles in local areas, thus supporting local economies
and providing last-mile linkages for electric transit as it services a corridor of economic development
(expanded below).

Transit. Perhaps the most significant innovation in electromobility in terms of common-good
outcomes is the electrification of public transport [77]. The electrification of heavy train and tram systems
is a mature technology based on overhead catenaries, but new Li-ion batteries have revolutionised the
electrification of buses into electric bus rapid transit BRTs and some, with smart city sensors that guide
the system autonomously, into battery-based electric trackless trams [70]. These are now able to fit into
cities by enabling the development of new precincts around stations due to their quiet, pollution-free
accessibility that is able to replace the equivalent of 6 lanes of traffic. The urban regeneration that is
attracted is a high job-creation endeavor that can be used to help pay for the new transit; the resulting
station precincts can include recharge hubs for the battery-based transit and micromobility last-mile
linkage. They are, therefore, enabling distributed infrastructure and supporting the development of
a zero-carbon and zero-poverty city. These innovations will enable the creation of transit activated
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corridors [78] along main roads, replacing highly congested car dependence and enabling a series
of urban regeneration sites to be developed around station precincts instead of sprawling cities at
the urban fringe [79–81]. This has been a major agenda for most cities for the past 20 years but new
electromobility is now enabling this agenda and thus is likely to be a big part of future urban economic
development strategies, as detailed further below.

Walkability and Active Transport. The benefits of active transport in enabling local centres to work
without cars and enabling transit systems to work without the need for car-dependent corridors,
have certainly rapidly emerged over the past decades [82,83]. Transit was seriously affected during
the Covid lockdown, but so was car traffic, and thus, the growth of local walkability and active
transport (including the new electric micromobility) has been a global phenomenon, with many cities
making this a permanent change [84–86]. At the height of the pandemic in late April, across Scotland,
public transport was down by up to 95%, car use was down by 70% and cycling/walking was up by
120% [87].

The cobenefits of active transport are very high, and if local economic development is facilitated,
then it is also a part of the zero-poverty agenda. Active transport is hard to facilitate politically due to
local car-driver pressure to not lose their spaces for driving and parking. However, the use of these
streets by people walking and cycling was so popular during the pandemic that many cities began
closing streets to cars and building large numbers of cycleways suitable for all micromobility [85].
This is likely to be a high priority in the recovery period, as in London and Paris.

London has a scenario of increasing active travel by ten times, post-Covid [88]. The mayor and
Transport for London said their goals are:

• The “rapid construction” of a strategic cycling network, using temporary materials, with new
routes, aimed at reducing crowding on public transport.

• A “complete transformation” of local town centres so that people can walk and cycle where possible,
including widening footways on high streets so that people can safely queue outside shops.

• Reducing traffic on residential streets and creating “low-traffic neighbourhoods”.

The project was given an immediate GBP2 billion on the basis that “when the nation gets moving
again, it does so in a cleaner safer way” [89]. The project also began a special app to help with transport
choices, trials on E-scooters (a key part of micromobility), extra charging points for EV vehicles of all
kinds, and accelerating new rail projects [90].

In Paris, a commitment has been made to create a 15-min city based on bicycle access by 2024.
Local services will be relocalised and infrastructure improved to enable bicycle access in a 15 min-wide
precinct. Parking lanes will be given over to bikeways and passing lanes built into shared paths,
enabling more urban services to be provided locally [91].

Relocalising a city like this becomes a strong positive outcome of the move to active transport,
with its support in micromobility and new electric transit systems, as well as the localised power
systems emerging from solar-battery-based power to further the “transformation” of local town centres.
It is a sign that a new policy orientation has emerged from this cluster of innovations post-Covid.

Electromobility is rapidly mainstreaming as part of the post-Covid economy.

3.3. Smart-Cities-Based Demand Management

Smart cities is an agenda which has rapidly grown in the 21st century. However, it has many
controversial aspects if it is used simply for surveillance and control of ideas or as a tool for increased
car dependence through traffic congestion management, largely failing due to lock-in or the rebound
effect [92,93]. All of the cluster of innovations outlined above—solar, batteries, electromobility in
vehicles of all shapes and sizes, and those outlined below as part of the circular economy, water and
waste systems—have two key characteristics of relevance to this paper: they are modular, and thus,
work best as localised systems, and they work even better if consumption is reduced. Both can be helped
significantly by smart-city-based demand management. Thus, it is possible to imagine why smart
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city technologies will become a part of an integrated package of solar-battery–electromobility–smart
systems for future cities.

Localised Systems. The new smart city technologies include an ability to enable any system to learn
and optimise itself through artificial intelligence (AI) or machine learning. Many functions of AI have
been envisioned to help the zero-carbon agenda [94], but optimising precinct infrastructure through
machine learning is just emerging. As new suburbs, new industrial estates, new office blocks, and new
villages are built or refurbished, they can be enabled through sensors to manage their energy, water,
waste, transport, and to continuously learn from its users as the data are processed. Thus, the centres
become something like a set of neural networks that are constantly improving the ecosystem in which
they operate. The roles of recharge hubs and delivery vehicle hubs can all be optimised along with
many other new localised services, especially around how energy is managed.

The local precincts set up with such simple technology will be highly efficient and can be optimised
to share equitably and enable job creation through enterprise facilitation in local communities [95,96].
The goal is to provide a cost-effective liveability and flourishing economy whilst reducing the
consumption of resources, especially fossil fuels. Welfare for people with disabilities or those in aged
care can also be improved with these kinds of infrastructure systems. Localised smart systems can be
managed to provide different solutions for the different kinds of places across a city and its region,
as outlined in Section 4 below.

Reduced Consumption. Resource conservation is a critical part of the zero-carbon and zero-poverty
agenda [92,93] for better environmental, employment and economic outcomes. Smart technologies can
be used to reduce consumption by assisting behaviour change and demand management systems [93].
There is evidence that behaviour can be influenced by direct social interventions by government
programs [97,98], but mostly they fail unless they are combinations of social and technological change
that provides new knowledge-based systems [99] or they enable infrastructure to work better through
enhancing lifestyles in low-carbon urban forms, including changes like relocalisation [81].

These innovations can be called smart-city-based demand management [100]. They enable
householders and businesses to understand what they are consuming at any point in time with mobile
phone apps and displays in homes and offices, and simple programmable options that build in the
optimal efficiencies for the use of energy, water, other materials and transport [101]. These can be apps
that use machine language to learn the best options for a local area [102]; they can also be built into new
houses and precincts from the start as part of a zero-carbon home or precinct. Zero-carbon transport
can use these new kinds of smart system technologies as part of new precincts that are built around
new transit systems with walkable environments [103], as shown in transit activated corridors [78].

There is significant economic opportunity for industries to want to be part of this agenda through
industrial estates that have become learning environments as they share resources and wastes through
industrial ecology [10,45], as well as being able to establish solar- and battery-based embedded
electricity networks.

Smart city innovations for achieving better power, buildings and transport are well underway
in the newly emerging economy and are likely to be mainstreamed as part of the integrated cluster
of innovations.

3.4. Hydrogen-Based Industry

The first three innovations are rapidly emerging but the next three are not quite as ready.
Big industries are not yet part of the zero-carbon agenda as cement and steel production, as well as most
mineral processing, need to use coal and gas for both energy and process chemistry. However, a new
option has now begun to emerge and could rapidly move ahead in the new economy. Hydrogen can
be electrolysed from water by the use of solar energy and can be stored chemically and mechanically
before being used in a variety of ways in industries, as outlined below, and also transport.
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3.4.1. Transport

The hydrogen fuel cell can enable mobility, but at this stage, it is two to three times the cost of
Li-ion battery mobility [104,105], although some possibilities exist for heavy, long-range vehicles like
long haul trucks, ships and planes. The distribution system is highly uncertain, whereas power-grids
are easily adapted to electromobility based on lightweight batteries. There are small opportunities
that should emerge in cities and regional settlements where solar and battery systems produce excess
power at nonpeak times, and the extra power can be turned into hydrogen by electrolysing water.
This hydrogen, stored locally, could then be used for heavy vehicles using fuel cells for mobility and
perhaps grid support as well. These uses are still largely at an R&D stage.

3.4.2. Industry

The emerging niche for hydrogen appears to be in industrial activity such as steel and cement
production, as well as metal refinement [29]. Hydrogen is a rapidly growing commodity and should
be the basis for next economy industrial growth as long as there is space for large solar PV farms
or wind farms and a water source to electrolyse for the production of hydrogen used locally to
process local minerals and cement production. The competitive advantage of different cities and their
regions to be the next hydrogen-based industrial complex is already evident [106,107]. Demand for
hydrogen-based refining of metals and cement is rapidly growing post-Covid, as it appears to be the
only real option for this large part of the decarbonised future economy and is part of national security
considerations [108,109].

The hydrogen part of the next economy appears to be mostly for industrial processing and will
depend on rapid R&D, with demonstrations as well as significant changes in large, heavy industries not
used to change. These changes suggest a different quality of feasibility and availability for immediate
use in the new economy compared to the previous three innovations, although plenty of small niches
are likely to find hydrogen useful as part of the cluster of technologies.

3.5. Circular Economy

Cities have been innovating for some time to reduce their metabolism, i.e., their resource inputs and
their waste outputs [80]. This has been given a new look as the agenda for a circular economy [110,111].
The technology for waste disposal in the past has been centralised, large scale and largely linear
(not circular), i.e., it has had little emphasis on recycling unless cities have been running out of space.
The new systems for the circular economy are, like the other innovations discussed above, much
smaller in scale and are able to be used in more localised and distributed situations, even in slum
areas [112].

COVID-19 has highlighted the risks associated with an overwhelming reliance on global supply
chains and the fragility of these systems. One example is the limited availability of medical supplies
to respond to COVID-19 due to an over-reliance on specific countries/producers for global supply.
The circular economy movement represents a shift back to production based on localised systems,
and extracting value from untapped resources, especially those currently considered waste. This process
boosts economic activity and resilience, which are both in dire need for post-COVID communities.
If municipal governments were not already facing enough pressure, pre-Covid, to respond to the waste
crisis, social isolation practices have driven a significant increase in household waste production [113],
meaning the time is now for circular economy innovations to respond to this opportunity.

Despite this being a high priority innovation, there remain significant difficulties with circular
economy systems not yet able to cope with new electronic waste, especially batteries, and the ongoing
problem of plastics [114]. In many cities, the recycling systems remain significantly less than mainstream,
partly due to China banning their imports of waste, but also the sheer thermodynamics of waste
recycling [115].
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There appear to be deep technical, cultural and economic issues still to be resolved on the cleaner,
circular economy despite it being high on political agendas, with opportunities for demonstrating how
cities and regions could include circular economy options as part of the cluster of innovations.

3.6. Biophilic Urbanism, Permaculture and Nature-Based City Planning

The modernism that helped build cities after the 1930s collapse did not have a strong awareness
of the natural environment, or at least how we see it today. It has been 50 years since the first Earth
Day showed how the blue planet, viewed from space, was facing new limits that are now described as
the Anthropocene’s planetary boundaries [116,117]. The biggest part of that agenda is global climate
change from fossil fuels and land clearing, which the above technological approaches are meant to
address, along with the other SDGs. However, the local natural environment agenda within cities has
also been growing and has now coalesced into three areas—biophilic urbanism, permaculture and
nature-based city planning.

Biophilia was put on the agenda for cities by E. O. Wilson, who showed that we cannot put ourselves
above nature in our cities as we coevolved and need nature in our daily lives [118]. The response
has been a set of technological approaches that has shown how cities can build natural systems into
and onto buildings, with green roofs and green walls, which convert water systems from drains to
natural watercourses [119–121]. The best examples have been in dense cities like Singapore that have
been able to use high rise structures as habitats, like in forests [122,123]. The biophilic cities network
is growing across the globe, and it has found that local biophilic features played a very strong role
in the Covid lockdown, providing a healthy link to nature [124]. Biophilic urbanism is likely to be
a feature of many new urban developments and infrastructure as the cost-effective attractions and
local community building potential are high, although it has been slow to be adopted perhaps because
it is a break from the modernist way of building cities, with its highly engineered concrete structures
controlling natural systems.

Permaculture is similar to biophilic urbanism in its desire to link cities and nature using new kinds
of technology and different approaches to making urban ecosystems work better [125]; however, it was
essentially developed for suburbs with large spaces around houses, rather than the density where much
biophilic urbanism has been applied. The new version of permaculture developed by Holmgren [126]
is called RetroSuburbia and is designed to rebuild suburbs around a new vision of the shared economy,
food growing and relocalised services. It may emerge with considerably more intensity as middle and
outer suburbs begin to be rebuilt, and it can perhaps assist the periurban process of local regenerative
farming and food systems. All these processes have been very slow to grow pre-Covid.

Nature-based city planning was propelled into modernist planning by McHarg [127] with his
book “Design with Nature” and various applications of this methodology and approach ever since,
including ways to use nature as a model for urban development [128] and biomimicry in technological
innovation [129]. More recently, the ideas of regenerative design have given a stronger push to these
ideas [130–132] though it remains less than a mainstream process in most cities.

These three ecological innovations are not yet mainstream, and despite their low cost, may need
a significant structural and cultural change in the design and engineering professions, as well as
broader acceptance of what a city can be, before they are taken up significantly in the next economy.
They are likely to at least continue to grow in niche demonstrations as part of the cluster of innovations
for the new post-Covid economy.

4. The Covid Collapse and Multilevel Perspectives on Innovations

The multilevel perspectives (MLP) approach to innovations has grown out of the need to see that
innovations are not just technologies but exist in a sociotechnical world [17–20]. There are three levels
that distinguish between the innovations: a. those that are not yet well developed and need much
more R&D and demonstrations in niche applications (Level 1), b. those with an application across
a patchwork of regimes where different interventionist policies are enabling the innovations (Level 2),
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and, c. those that are in the mainstream or landscape application where the market takes over (Level 3).
Figure 3 below shows where the analysis above would place the six innovations of the new economy.
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The first three innovations—renewables, electromobility, and smart cities—are firmly heading
towards Level 3, where they will be mainstreamed. These can, therefore, be expected to be the major
innovations that shape the post-Covid economy; however, the other three may also play a role.
These six innovations (but mostly the first three) will be used below to see how they will shape cities
in the next 30 years or so. A key to this is the vertical axis of the MLP figure, which, in the original,
was “Increasing structuration of activities in local places”. This appears to suggest that the new
business model shaping the next economy is likely to be more focused on relocalising the economy,
perhaps within a strong global context. This is how the cluster of innovations developed by humankind
in the 21st century will be used to create a zero carbon–zero poverty future. Globalised localisation is
the business model for the post-Covid economy.

Globalised Localisation. The global economy has become a key part of the 20th century, and it is
unlikely to lose its appeal as human curiosity for how the rest of the world works will always be there.
It is also a world committed to zero poverty by 2030, as well as zero carbon sometime between then and
2050, and this means global partnerships in development. Perhaps the global processes can involve
less travel as routine meetings are shifted to computer interactions that have worked well during the
Covid lockdown. However, the need for greater focus on localisation in centres that can uptake the
new technologies is very clear. The relocalising of places that can enable people to value their place
more [133,134] has been a growing social movement for the past 50 years and reached a peak during
the Covid lockdown. In this model, businesses will need to work simultaneously on interpreting global
trends and creatively addressing local places where they want to invest. The place will be important,
and each community will have new tools to make their places better through localised infrastructure
management, as well as localised services for a fuller range of activities [134].

The other three innovations—hydrogen in industry, circular economy, and biophilic urbanism—are
all needed and have strong groups advocating them and following their progress. From the MLP
perspective, they remain on Level 1 where they need a great deal more R&D, demonstrations and
a series of cultural and professional barriers to be shifted before they can move from niche applications
to regime applications. Hence, we can expect they will continue to grow in this next period as the zero
carbon–zero poverty agenda unfolds, driven mostly by the first three innovations.

It is possible the “hydrogen–circular economy–biophilic urbanism” cluster of innovations could
be rapidly mainstreamed by concerted action based on strong interventions that drive them into being
strong markets. However, it is more likely they will need to wait until the next economic collapse to
be mainstreamed, and in the interim, all the R&D, demonstrations and cultural/professional change
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could be well underway. This may need the kind of changes being suggested as part of the emerging
paradigm of regenerative development.

Regenerative Development. Eisenstein [135] suggests there may be downsides post-Covid based
on extra-control systems, but he also says that the economic collapse enables us to “embrace holistic
paradigms and practices that have been waiting on the margins”. Regenerative development is
one such holistic paradigm that may be closely linked to the “hydrogen–circular economy–biophilic
urbanism” cluster of innovations [32].

Regenerative development is part of a bigger environmental agenda that has been developing for
50 years. It is shown in Figure 4, which sets out how environmental and social impacts have been
addressed in three stages and are about to move into the regenerative development phase [136].
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The three stages are

• First, environmental impact began to be addressed through direct regulations and assessment
processes from the 1970s, responding to highly exploitive development practices that had
developed out of the modernist paradigm.

• Second, reducing impact shifted to the sustainable development paradigm as it was seen that
resource issues like energy, water and climate change could not be addressed unless economic
and social factors were fully integrated with the environmental agendas; this began to flatten the
curve, but it was not transformative enough.

• Finally, we are shifting to regenerative development where the curve turns over and dramatically
reduces impact until it is actually able to regenerate the environment [136–139]. In climate terms,
this will not just mean zero-carbon but eventually extracting carbon from the atmosphere at
a faster rate than it is going in [140].
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This is the approach that ultimately makes economic sense while delivering the SDGs and
Paris Agreement in a fully mainstreamed way. In this model, not only will power and transport be
zero-carbon, but all industrial processes, natural system processes and the whole metabolism of cities
and settlements will be like an ecosystem that regenerates itself. There are signs that this regenerative
approach may be an emerging paradigm as the need for a transformative outcome becomes more and
more obvious [136–140]. Demonstrations are accelerating [141,142], including a new legislated process
to make Switzerland a leader in demonstrating the future for aviation fuel by extracting CO2 from the
atmosphere and creating a synthetic hydrocarbon-based jet fuel using renewable energy—the whole
process is paid for from an airline ticket tax [143].

If businesses, governments and NGOs find themselves compelled by demand from communities
to make each place in a city or region achieve regenerative outcomes [130,131], then perhaps the
three innovations at Level 1 on the MLP may be rushed from niche demonstrations into landscaped
mainstream Level 3. At present, these three seem unlikely to be ready for the present recovery.
The regenerative development business and cultural model for economic development may be the
only way to enable these three innovations (and others we have yet to imagine) to truly mainstream in
a less modernist economic system.

The three innovations that are ready to become mainstream are rapidly rolling out, and with
smaller applications of the other three, the whole cluster of six will change our cities in various ways and
in different combinations. The next section suggests how this may happen based on an understanding
of historical precedents, as with the waves of innovation. The innovations will also be considered to
show the kinds of responses by urban professionals to the rapidly emerging new economy.

5. The Covid Collapse and Climate Implications for Our Cities

Cities will be the leaders in creating this new economy. There is a long tradition for cities to learn
about innovations, modify them and share the results through trade and enterprise development [133].
There are many cities that are already leading in adopting the climate change agenda, with clusters of
cities generating global cooperation (100 Res Cities, C40, ICLEI); many will now set their recovery
agendas to achieve new goals and outcomes in zero carbon and zero poverty that will establish them
as leaders [24,25,144]. This will be the basis of attracting new investment and new people who want to
be part of the new economy.

As they adopt the new economic agenda, the technology will flow through into the fabric of the
city, just as it has in each other wave of innovation. The fourth wave was based on cars, oil, freeways
and housing designed to enable all the new consumption patterns and lifestyle opportunities of the
new economy. Cities spread outward and scattered until the digital innovation wave began to assist
the reurbanising of old walking city centres and transit fabric [81]. However, the powerful fourth wave
remains the source of most of the manuals of modernism that have been used to build our cities.

The next wave is likely to have the following five features, which are summarised in Table 2 and
elaborated below.

Table 2. Features of the sixth wave in terms of urban responses.

Features of the Sixth Wave in Terms of Urban Responses

1. Relocalised centres with integrated local place infrastructure.
2. Tailored innovations in each urban fabric.
3. Less car dependence in most urban fabrics.
4. Symbiotic partnerships to fund the new urban economy.
5. Rewriten manuals for urban professionals.

5.1. Relocalised Centres With Integrated Local Place Infrastructure

The three technological systems of renewables (especially solar), electromobility and smart cities
make an integrated system of infrastructure. It is a system that works best in local places. Energy can be
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created and stored in modular segments to enable homes, industry, education, recreation and transport
to be powered and for it to be modulated and managed through smart systems. Each local place
system will be joined to each other local place system through a power grid, and together, they can be
managed as a system that learns like a set of neural networks.

Planners and other urban professionals have a new focus as they can implement all of these major
technological innovations as a system for driving the new economy through relocalising centres in most
parts of their cities. This is the model being set up in Paris and London through their emphasis on active
transport-based urbanism, but it is not a new idea as many cities have been opting for a polycentric
urban form in the past few decades [80,81].

There will now be a multiple set of agendas pushing this relocalising process, especially if it
has the neural networks of machine learning that can be used for addressing adaptation to climate
emergencies or future pandemics. These and other issues depend on mobilising the social capital of
a place to build the resilience that will be increasingly needed [145]. Such social capital forms the basis
for new job creation activity with local entrepreneurs having the support base they need to create their
new businesses [95,96].

Relocalised centres will be very different places, depending on the fabric in which they will be built
(as outlined below). The key issue for planners is to ensure that common-good outcomes are set for each
localised centre through community engagement and industry partnerships. Common-good outcomes
will need to be set in ways that locals can envisage, as well as ensuring that they are dense enough to
provide the necessary services [146] and that they are provided with all the required infrastructure,
especially transport that is not car-dependent, simply because of space issues [80,81]. The future city
urban form is pictured in Figure 5, based on a diagram generated in the 1990s [80] and adopted by
many cities but only slowly delivered. The post-Covid drive would now appear to be much more
actively pushing this urban planning system.
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5.2. Tailored Relocalised Centres in Each Urban Fabric

One of the big problems with the modernism created by Le Corbusier and the Athens Charter in
1933 was that the modernism movement saw “one best way” to create the city of the future. There was
one urban system that needed to be modernized, with freeways and housing estates often used as
battering rams to clean the slate [147]. Battles resulted throughout the 20th century and have continued
up until recently [148]. These responses across the world have shown that walking urban fabric in
the historic central area and the transit corridors created by the train and tram eras, as well as the
new automobile-based suburbs outside these areas, are significantly different in their urban qualities
and, hence, in how they should be managed. The theory of urban fabrics [149] outlines how these
three fabrics should be recognised, respected and rejuvenated differently. A further two fabrics were
added [32], due to the differences observed in the periurban fringe areas of cities, which merge into
rural village fabric [150], as well as remote settlements where mining camps, indigenous settlements
and other smaller villages (often temporary recreational sites) are located [2]. Each of these fabrics
needs solutions to enable them to create relocalised centres tailored to use their fabric for the best
contributions to the new economy.

In Table 3, the core technological approaches that are outlined above are listed down the left
column, and the five different types of urban fabric are spread across the top of the table. Inside the
boxes are ticks that show the extent to which the core technological approach applies to that fabric.
The table illustrates why it is important to tailor the relocalisation innovations differently in different
parts of the city and its region, and that together, they make a system that enables the zero carbon–zero
poverty agenda to emerge.

Table 3. Technological approaches for the new economy and how they relate differently to five types of
urban fabric.

Approaches
Outcomes Walking Fabric Transit Fabric Automobile

Fabric
Periurban and

Rural Village Fabric
Remote

Settlement Fabric

Renewable
energy (PV-B) 3 33 333 3333 3333

Electro mobility 3

Micromobility

333

Transit and
Micromobility

333

Cars

33

Cars and Farm
Vehicles

3

Offroad Vehicles

Walkability and
Active Transport 333 33 3 3

Smart city
demand mgt 333 33 33 33 3

Hydrogen for
Industry 3 333 3333

Circular
economy 3 33 333 333 33

Biophilic
urbanism 333 33 3

Permaculture 3 33 333 3

Note: The number of ticks show the extent to which the core technological approach applies to that fabric: none,
some, significant, and considerable.

The results in Table 3 are summarized as:

1. Central walking cities are less able to install solar–PV but are ideal for walkable active transport
and micromobility, for smart systems, as well as biophilic urbanism. Circular economy and
permaculture do not work well here as they need space.

2. Transit city corridors are better for solar–PV and batteries, ideal for transit, micromobility and
active transport, with some potential circular economy and biophilics, as well as permaculture
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possibilities (perhaps in community spaces). Localised activity in centres is already able to be
fitted out with these new technologies.

3. The middle and outer suburbs of the automobile era are very good for solar–PV, as demonstrated in
Australian cities, where most of the poorer outer suburbs installed PV first [42]. Circular economy
and permaculture need more space but are likely to require EV cars and buses due to their
car-dependence, along with some new transit activated corridors to help overcome automobile
dependence and more relocalised centres (probably in shopping centres) to enable the delivery
of new technologies. Industry estates could be eventually enabled with hydrogen-based power
(as well as solar), enabling some processing and manufacturing as industrial estates have large
roof spaces that are ideal for solar power.

4. Rural villages and periurban areas will need to form new relocalised centres in order to make the
most of the benefits of power and transport with integrated solar–PV–batteries–electromobility
and with some agricultural vehicles electrified. In these areas, permaculture food production,
aligned with local regenerative agriculture and carbon sequestration in soils and trees, presents
significant opportunities as well as hydrogen-based industry and circular economy jobs.

5. Remote areas are ideal for microgrids of integrated solar–PV–batteries and electromobility,
whether in small indigenous villages or mining camps. A hydrogen-based industry would likely
be established adjacent to mining areas, with plenty of space for substantial solar and wind farms
to produce the hydrogen.

5.3. Less Car Dependence in Most Urban Fabrics

Figure 5 above shows how a polycentric city with relocalised centres linked by transit is likely to
emerge, with much-reduced car dependence, based on the need for these centres to be the focus of
infrastructure and services in the new economy. The relocalised centres will be made viable or not by
the transport priorities chosen to drive the type of urban regeneration sought in each of the five urban
fabrics, as each has very different space and time constraints. As Table 3 above shows, there is a need
to respect and regenerate each fabric type based on these space and time constraints. For example:

1. The central city needs to be a place for walking as that is its fabric, and the demand for this
to continue is obviously growing. Models for this have been created around the world [82].
Pedestrian and cycling infrastructure are the highest priority, following the recent lead of
London [84,88] and Paris [91].

2. The transit city needs to be a place for high-quality transit and urban regeneration around its
stations. The demand for more of this has created the notion of transit activated corridors along
main roads, where new midtier battery–electric transit can move quickly along corridors and
slowly through regenerated centres around stations, where micromobility can feed the service
and link the surroundings to their local activity centre [78]. Making space on the roads for such
high-capacity transit will be the next big issue in transport-prioritising politics.

3. The automobile city needs to be where electric cars are at home, as well as micromobility for
linking to new relocalised shopping and services centres, but also to jobs in industrial estates,
circular economy/recycling centres, and permaculture food-growing areas. Finding ways to
enable local car journeys, but not cross-city journeys, will be a critical disjunction with fourth
wave modernist cities. This area can include autonomous electric vehicles, but they are unlikely
to be part of walking and transit fabric [151].

4. City-edge fabric or periurban and rural villages need to have a multitude of functions but mostly
with a strong local focus; electric micromobility can still work in these areas as it can link to
such places for a 10-km radius without being too slow. Electromobility is likely to grow rapidly
for such areas, e.g., e-micromobility, EVs and, for agricultural purposes, electric tractors and
farm machinery. However, they will still need to grow more compactly in rural villages to
enable opportunities for the localised services to be provided, which could include an electric
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bus service to help those without electric vehicles [2]. Models such as Witchcliffe Eco-village
can easily become the norm as they are cost-effective and on the right side of history in terms of
climate-resilient development [152].

5. Remote villages for indigenous and mining functions need to have electric or even hydrogen fuel
cell offroad vehicles linked to their solar-based recharge hubs. Many examples of solar villages
have been demonstrated in both kinds of settlements, although the pace of change has been
slow despite having strong economic and health rationales to replace diesel. Perhaps the new
zero-carbon agenda along with the SDGs that work so much better with diesel-free settlements,
will be mainstreamed rapidly along with the cities that are presently well ahead of most regions
in the decarbonisation agenda [153,154].

In this model, the density of the relocalised “town” centres in each fabric will reduce from the
centre to the urban fringe but will need to be compact and walkable, or they will not work further out
in rural and remote areas [141,146]. Many mining villages are like medium-density urban villages.
Solar and battery recharge hub services will need to be available in all these relocalised centres, as well
as delivery hub services, and smart city support services will be needed to enable them to work as
zero-carbon places whilst enabling economic activity to flourish.

The developing world will need to approach each of these opportunities as though
it is their chance to leapfrog into the future as economic development based around
solar–PV–batteries–electromobility–smart city innovations are already challenging traditional
development, as they are more appropriately scaled and have multiple benefits [35]. China has
led the way in many of these innovations being mainstreamed, and the economic and social benefits
are now shown in their cities [155]. The innovations, being small-scale, are also much more relevant
to the vast areas of slum developments in the developing world that in modernism were destined
only to be cleaned out, thus losing much of their important community structures [112]. These tight
structures are ideal for the small-scale energy, water and waste infrastructure opportunities that can
be managed locally [156]. Mobile phones have rapidly become part of slums, so in a similar rapid
process, developing cities could have better infrastructure in the post-Covid recovery period for both
zero carbon and zero poverty. The same pattern across the great megacities of the developing world
can pick up on the local community structures that are common to them all and enable regenerative
outcomes to be achieved through these new technology systems [157]. Most of all, the next economy
will be zero carbon integrated with all the SDGs, including a strong local employment generator that
will define the agenda globally and locally.

5.4. Symbiotic Partnerships to Fund the New Urban Economy

Relocalised centres and transit activated corridors using new technology systems all need to be
funded. Public–private partnerships (PPPs) are the ideal approach for this integrated set of urban
redevelopment technologies as long as they have widespread support. The involvement of the private
sector is not only because capital is scarce for governments but because the best way to create projects
that are viable is around value uplift, where the expertise is best generated by partnerships based
on local knowledge and expertise [158,159]. This is found in developing cities, as well as developed
cities [160]. Value is created from transit infrastructure, walkability, biophilic features and other urban
regeneration features [159–164]. This can now probably be extended to all kinds of new relocalised
centres across the city, such as industrial estates, permaculture villages, rural and remote villages,
where value can be created by this cluster of technologies, and private sector funding can, therefore, be
set up in partnerships to enable the value to be created. The more local value can be added by local
communities, the more long-term value will be created [165].

The package of technologies is symbiotic, and so is the need for symbiotic partnerships between
all levels of government, the private development industry and local communities. The advantage in
creating these symbiotic partnerships is that in the process of using community-based approaches [166],
long term commitments are enabled, which form the basis for good government decisions, good
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financing arrangements and good community. Community values are fundamental to all viable,
flourishing cities [136,167]. With strong community support of zero carbon–zero poverty development,
it is likely to be much more feasible. Shared economy demonstrations with symbiotic partnerships are
growing in number, and most are based around zero carbon–zero poverty values [165,168].

Cities cannot achieve the zero carbon–zero poverty agenda without substantial redevelopment,
especially in their declining middle suburbs where old car-dependent locations may not find the right
model for redevelopment [169]. As outlined above, the notion of transit activated corridors could
enable this process if set up with symbiotic partnerships to enable urban regeneration for the new
economy. This is likely to be the biggest focus of development as the middle suburbs are the area
where housing has reached the end of its life. Redevelopment of the “missing middle” with the zero
carbon–zero poverty agenda should involve a substantial proportion of affordable, social housing.
If the full value of the innovation cluster outlined here (especially the transit systems outlined) are
features of such development, then it is likely to receive local and global support that will provide the
financial capital, as well as the commitment of social capital.

5.5. Rewriten Manuals for The New Urban Economy

The manuals of modernism are alive and well on most urban professionals’ desks or at least in
their computer models and assessment procedures, based on an idea from the modernist tradition that
there is a “one best way” that can be applied across all parts of cities. The need to seek common-good
outcomes in planning and urban practices, in general, will still be needed, but there needs to be a new set
of manuals created to go with the new economy, especially as they need to apply different approaches
to each of the five urban fabrics [170,171]. New context- and outcome-specific zero carbon–zero poverty
manuals are needed for planning, transport, energy, water, waste, in fact, every area of the economy
developed since the 1940s, with a focus on how these resources can be regulated and prioritised in their
infrastructure, density and functions in a far more nuanced way to deliver the cluster of innovations
necessary for the new economy [81].

This will not be easy as the sociotechnical transitions literature shows that there are endless barriers
already preventing the major innovations being demonstrated for decarbonising the economy [20].
This can be especially seen in the culture of professionals and what they must do to show that their
work matters. Rediscovering what matters and delivering projects around that will be an important
new task for urban professionals everywhere. Perhaps the triage thinking of Covid professionals can
help work out new approaches to assessing projects so that projects do not die due to years of linear,
modernist regulatory assessment that is no longer relevant to the new wave of innovations sweeping
through our cities and regions [172].

6. The Human Dimension: Cultural Urban Renaissance

John Montgomery [4] followed up the theory of waves of innovations that changed economies
across the globe in the last 200 years by adding a human dimension—how cultures are part of this
change. In particular, they are part of how cities come alive with different cultural expressions and
provide the underlying values that enable the city to gain new hope for the future, underlying such
activity. Eisenstein [135] suggests that this is now being seen, post-Covid, when he suggests “Covid-19
shows that when humanity is united in common cause, phenomenally rapid change is possible”.

What kind of cultural dimension can underly this change towards the cluster of new technologies
with their propensity to create relocalised cities and reduced automobile dependence? It will more
than likely be local in its orientation, based on a strong sense of local place, and be more urban, not less
urban, to enable the human dimension to work in the community. It is also more likely to be deeply
embedded in nature-based planning. The fourth wave, based on cars and oil, was a suburban era,
and there was a decline in inner and central cities as cities spread out, following suburbanised work,
housing and shopping [79–81]. However, the ICT-based fifth wave, which suggested that cities may
not even be needed as we could just scatter and telecommute, did not happen; instead, it was the
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basis of a new revival of urbanism that was based on the knowledge economy [33]. This required
face-to-face meetings for the creative development of projects and soon created the phenomenon of
peak car ownership and the creative, millennial generation movement back into more urban locations
to live and work [81]. The recent phenomenon of working from home has given rise to the need for
more opportunities to have both face-to-face time for creative meetings, and follow-up meetings that
can be based on digital face-to-face, thus minimising the need to travel as much. However, the need to
continue to have people living closer to work and urban services will be strong foundational pressure
on how we build cities. Florida [173] has now suggested that the US reurbanisation of inner areas has
faltered as it was not deep enough in its ability to shape the city and rapidly ran out of urban fabric
that could be revived. However, the idea of relocalised centres in all five urban fabrics provides the
basis for new, more urban development, with a cultural basis in each of the five areas that supports its
diversity of forms.

The need for a deeper cultural understanding to achieve the more regenerative features like
circular economy and nature-based city planning, as developed above, will need a strong involvement
of creative professionals. These perspectives will be driven by the extent to which the formal and
informal creative sector is able to help shape urban development; the evidence of recent decades
would suggest that this will be with a more local, urban and nature-based flavour and focus. This will
be different in different cultures, but without these strong values driving the future, there will not
be a fundamental move away from the heavily car-dependent fossil-fuel-based city of the mid to
late 20th century, for which much of the creative sector is now looking for something more [82].
Florida [174] and Landry [144] suggest that the creative industry, the most impacted by Covid, is a key
contributor to urban economic growth as it enables the city to have a heart and soul as well as a mind,
and it builds our sense of place. Now, we sit poised with all the innovation tools that can enable a more
robust local, urban and nature-based culture that can help create a more equitable and sustainable city.
So, in this model, the creative industry is needed for their more human flavour. Perhaps this city’s time
has arrived.

7. Conclusions

The growth of cities has been the basis of civilization [34], and thus, cities will need to bring
together the integrated agenda of zero carbon and zero poverty in a new phase of civility. Cities in the
new economy will simultaneously be creating a better global and local environment whilst creating
liveability through a better economy. Some commentators have seen a collapse of civilisation [175],
and even “civicide” [176], as the only realistic outcome from the pathways that our cities were following
until the Covid collapse [136]. Due to the Covid pandemic, things that were ripe for change now have
a new opportunity to be mainstreamed. Perhaps the world’s cities can create a new kind of civility
based on zero carbon and zero poverty using the cluster of technological innovations outlined:

• Distributed renewable energy and batteries, as well as technologies that create distributed
energy markets;

• Electromobility and especially the associated new electric transit and micromobility, and the old
but tried and true walkability;

• Smart city technology that enables all of these innovations to be integrated, to work better and to
create the ecosystems of cities as neural networks that learn and grow, showing us how to make
each place in a city or region achieve zero carbon–zero poverty outcomes;

• Circular economy systems applied by construction and recycling businesses in industrial estates
and through each local community in the five urban fabrics;

• Biophilic urbanism that brings natural systems on and inside buildings to achieve new urban
habitats and green infrastructure, and, with permaculture and nature-based planning, add new
ways of growing food and managing natural systems in the various, different fabrics of cities
and regions;
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• Hydrogen-based industry, replacing the last of the big systems needing fossil fuels: cement,
steel and mineral processing.

These changes have been chosen as they appear to be cost-effective, especially the first three,
as they have shown their prowess at supporting economies in the time of this Covid pandemic.

The hydrogen innovation is being targeted by many governments as an important opportunity
for the industry, in which case it may rapidly move to be cost-effective as it moves up the multilevel
perspective transition from niches to regimes of demonstrations [20]. The circular economy and
biophilic urbanism/nature-based planning innovations are more deeply cultural and are less developed
for professionals to deliver, thus they may need to develop at a slower, deeper pace until the next
economic collapse brings them into the mainstream.

Investment will need to have assessment processes that enable rather than drive-away these
six core innovations of the sixth wave. Such changes will need new partnership processes that
enable all levels of government to work with private finance and business, in close collaboration with
communities, whose place-based values need to drive all development and help create local enterprises.

These processes will be a challenge for all urban leaders and professionals who must do more
than simply wait for such technologies to solve everything. The need will be for solutions that
combine this cluster of technologies with place-based designs: in dense city centres, inner-city
corridors, suburban centres with estates for various functions, and periurban, rural and remote
villages. The human qualities and natural qualities of each place will be at the heart of how these new
technologies can create relocalised places.

Urban professionals will soon see that they need to rapidly change the manuals of modernism that
are still so prevalent in their fourth wave engineering designs and statutory regulations, or else they will
miss their early chances to be part of the sixth wave. Cities that can quickly focus on how to mainstream
their new planning and assessment systems to create new centres of zero carbon–zero poverty urbanism
are likely to be the new centres of civilisation, especially if they can work synchronously with the
creative side of their cities [144].

Funding: This research received no specific external funding but has been part of a long journey of research
projects over many decades mostly from Australian Government sources.

Conflicts of Interest: The author declares no conflict of interest.

References

1. Roy, A. The Pandemic Is a Portal. Financ. Times 2020, 3. Available online: https://www.ft.com/content/
10d8f5e8-74eb-11ea-95fe-fcd274e920ca (accessed on 8 July 2020).

2. Norman, B.; Newman, P.; Steffen, W. Apocalypse Now: Australian Bushfires and the Future of Urban
Settlements. Nat. Urban Sustain. 2020, in press.

3. Mathews, J. Schumpeter in the 21st century: Creative Destruction and the Global Green Shift. In Schumpeter’s
Capitalism, Socialism and Democracy, A 21st Century Agenda; Kattel, R., Burlamqui, L., Eds.; Routledge:
New York, NY, USA, 2018.

4. Montgomery, J. The New Wealth of Cities: City Dynamics and the Fifth Wave; Ashgate: Aldershot, UK, 2007.
5. Le Quéré, C.; Jackson, R.B.; Jones, M.W.; Smith, A.J.; Abernethy, S.; Andrew, R.M.; De-Gol, A.J.; Willis, D.R.;

Shan, Y.; Canadell, J.G.; et al. Temporary reduction in daily global CO2 emissions during the COVID-19
forced confinement. Nat. Clim. Chang. 2020. [CrossRef]

6. Kondratieff, N. The Major Economic Cycles, Translated in 1984 as the Long Wave Cycles; E P Dutton: New York,
NY, USA, 1984.

7. Schumpeter, J.A. Business Cycles; Random House: New York, NY, USA, 1939.
8. Schumpeter, J.A. Capitalism, Socialism and Democracy; Routledge Classics: New York, NY, USA, 2015.
9. Freeman, C.; Soete, L. The Economics of Industrial Innovation; MIT Press: Boston, MA, USA, 1997.
10. Hargroves, K.; Smith, M. The Natural Advantage of Nations: Business Opportunities, Innovation and Governance

in the 21st Century; The Natural Edge Project, Earthscan: London, UK, 2005.

https://www.ft.com/content/10d8f5e8-74eb-11ea-95fe-fcd274e920ca
https://www.ft.com/content/10d8f5e8-74eb-11ea-95fe-fcd274e920ca
http://dx.doi.org/10.1038/s41558-020-0797-x


Urban Sci. 2020, 4, 32 22 of 29

11. Hall, P.; Preston, P. The Carrier Wave: New Information Technology and the Geography of Innovation, 1846–2003;
Unwin Hyman: London, UK, 1988.

12. Batty, M. The Creative Destruction of Cities. Environ. Plan. B 2007, 34, 1–4. [CrossRef]
13. Barbier, E.B.; Markandy, A. A New Blueprint for a Green Economy; Earthscan, Routledge: London, UK, 2013.
14. Frantzeskaki, N.; Hölscher, K.; Holman, I.P.; Pedde, S.; Jaeger, J.; Kok, K.; Harrison, P.A. Transition pathways

to sustainability in greater than 2 ◦C climate futures ofEurope. Reg. Environ. Chang. 2019, 193, 777–789.
Available online: https://link.springer.com/article/10.1007/s10113-019-01475-x (accessed on 8 July 2020).
[CrossRef]

15. Frantzeskaki, N.; Hölscher, K.; Bach, M.; Avelino, F. (Eds.) Co-Creating Sustainable URBAN Futures—A Primer
on Transition Management in Cities; Springer: Berlin, Germany, 2018; ISBN 978-3-319-69271-5.

16. Malekpour, S.; Walker, W.E.; de Haan, F.J.; Frantzeskaki, N.; Marchau, V. Bridging Decision-Making under
Deep Uncertainty (DMDU) and Transition Management (TM) to improve strategic planning for sustainable
development. Environ. Sci. Policy 2020, 107, 158–167. [CrossRef]

17. Geels, F.W. Technological transitions as evolutionary reconfiguration processes: A multi-level perspective
and a case-study. Res. Policy 2002, 31, 1257–1274. [CrossRef]

18. Geels, F.W. The multi-level perspective on sustainability transitions: Responses to seven criticisms.
Environ. Innov. Soc. Trans. 2011, 1, 24–40. [CrossRef]

19. Geels, F.W. Regime resistance against low-carbon transitions: Introducing politics and power into the
multi-level perspective. Theory Cult. Soc. 2014, 31, 21–40. [CrossRef]

20. Geels, F.S.; Schwanen, T.B.; Sorrell, S. Sociotechnical transitions for deep decarbonization. Science 2017, 357,
1242–1244. [CrossRef]

21. Mattauch, L.; Creutzig, F.; Edenhofer, O. Avoiding carbon lock-in: Policy options for advancing structural
change. Econ. Model. 2015, 50, 49–63. [CrossRef]

22. Raskin, P. Journey to Earthland: The Great Transition to Planetary Civilization; Tellus Institute: Boston, MA,
USA, 2016; Available online: https://www.tellus.org/tellus/publication/journey-to-earthland (accessed on
8 July 2020).

23. Flint, A. Modern Man: The Life of Le Corbusier, Architect of Tomorrow; Amazon Publishing: New York, NY,
USA, 2014.

24. Klaus, I. The Post-Pandemic Urban Future is Already Here. City Lab 2020. Available online: https://
www.citylab.com/design/2020/04/coronavirus-urban-planning-citiesarchitecture-history/609262 (accessed on
8 July 2020).

25. O’Sullivan, F. Europe’s cities are making less room for cars after corona virus. City Lab 2020.
26. Wolfram, M.; Niki, F.; Steffen, M. Cities, systems and sustainability: Status and perspectives of research on

urban transformations. Curr. Opin. Environ. Sustain. 2016, 22, 18–25. [CrossRef]
27. Webb, R.; Bai, X.; Smith, M.S.; Costanza, R.; Griggs, D.; Moglia, M.; Neuman, M.; Newman, P.; Newton, P.;

Norman, B.; et al. Sustainable urban systems: Co-design and framing for transformation. Ambio 2018, 47,
57–77. [CrossRef]

28. Sachs, J. The End of Poverty; Penguin Books: New York, NY, USA, 2005.
29. Garnaut, R. Superpower: Australia’s Low-Carbon Opportunity; Latrobe University Press: Melbourne,

Australia, 2019.
30. Swart, R.J.; Raskin, P.; Robinson, J. The problem of the future: Sustainability science and scenario analysis.

Glob. Environ. Chang. 2004, 14, 137–146. [CrossRef]
31. Newman, P. The Rise and Rise of the Renewable City. Renew. Energy Environ. Sustain. 2017, 4, 1–5. [CrossRef]
32. Newman, P.; Beatley, T.; Boyer, H. Resilient Cities: Overcoming Fossil Fuel Dependence; Island Press: Washington,

DC, USA, 2017.
33. Glaeser, E. The Triumph of the City, How our Greatest Invention Makes us Richer, Smarter, Greener, Healthier and

Happier; Penguin: London, UK, 2011.
34. Hall, P. Cities and Civilization; Pantheon Books: New York, NY, USA, 2008.
35. Intergovernmental Panel on Climate Change (IPCC). Global Warming of 1.5◦C. An IPCC Special Report on

the Impacts of Global Warming of 1.5◦C above Pre-Industrial Levels and Related Global Greenhouse Gas Emission
Pathways, in the Context of Strengthening the Global Response to the Threat of Climate Change, Sustainable
Development, and Efforts to Eradicate Poverty; World Meteorological Organization: Geneva, Switzerland, 2019.

http://dx.doi.org/10.1068/b3401ed
https://link.springer.com/article/10.1007/s10113-019-01475-x
http://dx.doi.org/10.1007/s10113-019-01475-x
http://dx.doi.org/10.1016/j.envsci.2020.03.002
http://dx.doi.org/10.1016/S0048-7333(02)00062-8
http://dx.doi.org/10.1016/j.eist.2011.02.002
http://dx.doi.org/10.1177/0263276414531627
http://dx.doi.org/10.1126/science.aao3760
http://dx.doi.org/10.1016/j.econmod.2015.06.002
https://www.tellus.org/tellus/publication/journey-to-earthland
https://www.citylab.com/design/2020/04/coronavirus-urban-planning-citiesarchitecture-history/609262
https://www.citylab.com/design/2020/04/coronavirus-urban-planning-citiesarchitecture-history/609262
http://dx.doi.org/10.1016/j.cosust.2017.01.014
http://dx.doi.org/10.1007/s13280-017-0934-6
http://dx.doi.org/10.1016/j.gloenvcha.2003.10.002
http://dx.doi.org/10.1051/rees/2017008


Urban Sci. 2020, 4, 32 23 of 29

36. OECD. The New Economy: Beyond the Hype; Final Report on the OECD Growth Project Meeting of the OECD
Council at Ministerial Level; OECD: Paris, France, 2001.

37. Droege, P. Urban Energy Transition: Renewable Strategies for Cities and Regions, 2nd ed.; Elsevier: Oxford,
UK, 2018.

38. Scott, M. Solar and Wind Costs Continue to Fall as Power Becomes Cleaner. Forbes 2020.
Available online: https://www.forbes.com/sites/mikescott/2020/04/30/solar-and-wind-costs-continue-to-
fall-as-power-becomes-cleaner/#25c5fa92785f (accessed on 8 July 2020).

39. Seba, T. Clean Disruption of Energy and Transportation; Clean Planet Ventures: San Francisco, CA, USA, 2014.
40. Green, J.; Newman, P. Citizen Utilities: The Emerging Power Paradigm. Energy Policy 2017, 105,

283–293. Available online: http://www.sciencedirect.com/science/article/pii/S0301421517300800 (accessed on
8 July 2020). [CrossRef]

41. Green, J.; Newman, P.; Forse, N. RENew Nexus: Enabling Resilient, Low Cost and Localised Electricity Markets
through Blockchain, P2P and VPP Trading; Power Ledger and Curtin University: Perth, Australia, 2020.

42. Newton, P.; Newman, P. The Geography of Solar PV and a New Low Carbon Urban Transition Theory.
Sustainability 2013, 5, 2537–2556. [CrossRef]

43. Hansen, P.; Gregory, M.; Morrison, A.Z.; Xin, L. Smart technology needs smarter management: Disentangling
the dynamics of digitalism in the governance of shared solar energy in Australia. Energy Res. Soc. Sci. 2020,
60, 101322. [CrossRef]

44. Koirala, E.B.; van Oost, E.; van der Windt, H. Innovation Dynamics of Socio-Technical Alignment in
Community Energy Storage: The Cases of DrTen and Ecovat. Energies 2020, 13, 2955. [CrossRef]

45. Galloway, D.; Newman, P. How to design a sustainable heavy industrial estate. Renew. Energy 2014, 67,
46–52. [CrossRef]

46. Sproul, A. Rooftop Photovoltaics: Distributed Renewable Energy and Storage (or Low-Cost PV Changes
Everything). In Decarbonising the Built Environment: Charting the Transition; Newton, P., Prasad, D., Sproul, A.,
White, S., Eds.; Palgrave Macmillan: Singapore, 2019.

47. May, F.; Hicks, J. Community-Owned Renewable Energy: Enabling the Transition towards Renewable
Energy? In Decarbonising the Built Environment: Charting the Transition; Newton, P., Prasad, D., Sproul, A.,
White, S., Eds.; Palgrave Macmillan: Singapore, 2019.

48. Byrne, J.; Taminiau, J. A review of sustainable energy utility and energy service utility concepts and
applications: Realizing ecological and social sustainability with a community utility. WIREs Energy Environ.
2016, 5, 136–154. [CrossRef]

49. Denholm, P.; Nunemaker, J.; Gagnon, P.; Cole, W. The Potential for Battery Energy Storage to Provide Peaking
Capacity in the United States; NREL/TP-6A20-74184; National Renewable Energy Laboratory: Golden, CO,
USA, 2019. Available online: https://www.nrel.gov/docs/fy19osti/74184.pdf (accessed on 8 July 2020).

50. Phadke, A. 2035: Plummeting Solar, Wind and Battery Costs can Accelerate our Clean Electricity Future; Goldman
School of Public Policy, University of California Berkeley: Berkeley, CA, USA, 2020.

51. AEMO. Renewable Integration Study, Australian Energy Market Operator. 2020. Available online: https:
//aemo.com.au/-/media/files/major-publications/ris/2020/renewable-integration-study-stage-1.pdf?la=en
(accessed on 8 July 2020).

52. International Energy Agency. Monthly Electricity Statistics, June; IEA: Paris, France, 2020.
53. Fink, L. A Fundamental Reshaping of Finance, Blackrock. 2020. Available online:

https://www.blackrock.com/au/individual/larry-fink-ceo-letter?switchLocale=y&
siteEntryPassthrough=true&cid=emc%3ACEOLetter%3AMULTI%3APMS%3AAU%3AAPAC&gclid=

EAIaIQobChMI2fWhzoCp6QIVyxErCh32TwwvEAAYASAAEgJmuPD_BwE&gclsrc=aw.ds (accessed on
8 July 2020).

54. Nahum, D. Powering Onwards: Australia’s Opportunity to Reinvigorate Manufacturing through Renewable
Energy; The Centre for Future Work at the Australia Institute: Canberra, Australia, 2010;
Available online: https://d3n8a8pro7vhmx.cloudfront.net/theausinstitute/pages/3311/attachments/original/
1588894059/Powering-Onwards_FINAL.pdf?1588894059 (accessed on 8 July 2020).

55. Dia, H. Rethinking Urban Mobility: Unlocking the Benefits of Vehicle Electrification. In Decarbonising the Built
Environment: Charting the Transition; Newton, P., Prasad, D., Sproul, A., White, S., Eds.; Palgrave Macmillan:
Singapore, 2019.

https://www.forbes.com/sites/mikescott/2020/04/30/solar-and-wind-costs-continue-to-fall-as-power-becomes-cleaner/#25c5fa92785f
https://www.forbes.com/sites/mikescott/2020/04/30/solar-and-wind-costs-continue-to-fall-as-power-becomes-cleaner/#25c5fa92785f
http://www.sciencedirect.com/science/article/pii/S0301421517300800
http://dx.doi.org/10.1016/j.enpol.2017.02.004
http://dx.doi.org/10.3390/su5062537
http://dx.doi.org/10.1016/j.erss.2019.101322
http://dx.doi.org/10.3390/en13112955
http://dx.doi.org/10.1016/j.renene.2013.11.018
http://dx.doi.org/10.1002/wene.171
https://www.nrel.gov/docs/fy19osti/74184.pdf
https://aemo.com.au/-/media/files/major-publications/ris/2020/renewable-integration-study-stage-1.pdf?la=en
https://aemo.com.au/-/media/files/major-publications/ris/2020/renewable-integration-study-stage-1.pdf?la=en
https://www.blackrock.com/au/individual/larry-fink-ceo-letter?switchLocale=y&siteEntryPassthrough=true&cid=emc%3ACEOLetter%3AMULTI%3APMS%3AAU%3AAPAC&gclid=EAIaIQobChMI2fWhzoCp6QIVyxErCh32TwwvEAAYASAAEgJmuPD_BwE&gclsrc=aw.ds
https://www.blackrock.com/au/individual/larry-fink-ceo-letter?switchLocale=y&siteEntryPassthrough=true&cid=emc%3ACEOLetter%3AMULTI%3APMS%3AAU%3AAPAC&gclid=EAIaIQobChMI2fWhzoCp6QIVyxErCh32TwwvEAAYASAAEgJmuPD_BwE&gclsrc=aw.ds
https://www.blackrock.com/au/individual/larry-fink-ceo-letter?switchLocale=y&siteEntryPassthrough=true&cid=emc%3ACEOLetter%3AMULTI%3APMS%3AAU%3AAPAC&gclid=EAIaIQobChMI2fWhzoCp6QIVyxErCh32TwwvEAAYASAAEgJmuPD_BwE&gclsrc=aw.ds
https://d3n8a8pro7vhmx.cloudfront.net/theausinstitute/pages/3311/attachments/original/1588894059/Powering-Onwards_FINAL.pdf?1588894059
https://d3n8a8pro7vhmx.cloudfront.net/theausinstitute/pages/3311/attachments/original/1588894059/Powering-Onwards_FINAL.pdf?1588894059


Urban Sci. 2020, 4, 32 24 of 29

56. Dia, H.; Taylor, M.; Stone, J.; Somenahalli, S.; Cook, S. Low Carbon Urban Mobility. In Decarbonising the Built
Environment: Charting the Transition; Newton, P., Prasad, D., Sproul, A., White, S., Eds.; Palgrave Macmillan:
Singapore, 2019.

57. Newman, P. Cool Planning: How urban planning can mainstream responses to climate change. Cities 2020,
103, 102651. Available online: https://authors.elsevier.com/a/1b2eHy5jOd0aY (accessed on 8 July 2020).
[CrossRef]

58. Conticini, E.; Bruno, F.; Dario, C. Can atmospheric pollution be considered a co-factor in extremely high level
of SARS-CoV-2 lethality in Northern Italy? Environ. Pollut. 2020, 261, 114465. [CrossRef]

59. Ogen, Y. Assessing nitrogen dioxide (NO2) levels as a contributing factor to coronavirus (COVID-19) fatality.
Sci. Total Environ. 2020, 726, 138605. [CrossRef]

60. Wu, X.; Nethery, R.C.; Sabath, M.B.; Braun, D.; Dominici, F. Exposure to air pollution and COVID-19 mortality
in the United States: A nationwide cross-sectional study. medRxiv 2020. [CrossRef]

61. Travaglio, M.; Yu, Y.; Popovic, R.; Leal, N.S.; Martins, L.M. Links between air pollution and COVID-19 in
England. medRxiv 2020. [CrossRef]

62. McKinsey. Electrifying Insights, September 30, 2018. 2017. Available online: https://www.mckinsey.com/

~{}/media/mckinsey/industries/automotive%20and%20assembly/our%20insights/electrifying%20insights%
20how%20automakers%20can%20drive%20electrified%20vehicle%20sales%20and%20profitability/how%
20automakers%20can%20drive%20electrified%20vehicle%20sales%20and%20profitabilitymck.ashx
(accessed on 8 July 2020).

63. Transport and Environment. Electric Buses Arrive on Time: Marketplace, Economic, Technology,
Environmental and Policy Perspectives for Fully Electric Buses in the EU. 2018. Available online: https:
//www.transportenvironment.org/sites/te/files/publications/Electric%20buses%20arrive%20on%20time.pdf
(accessed on 8 July 2020).

64. Liimatainen, H.; van Vliet, O.; Aplyn, D. The potential of electric trucks–An international commodity-level
analysis. Appl. Energy 2019, 236, 804–814. [CrossRef]

65. Olivetti, E.A.; Ceder, G.; Gaustad, G.; Fu, Z.K. Lithium-Ion Battery Supply Chain Considerations: Analysis
of Potential Bottlenecks in Critical Metal. Joule 2017, 1, 229–243. [CrossRef]

66. Kester, J.; Sovacool, B.K.; Noel, L.; de Rubens, G.Z. Between hope, hype, and hell: Electric mobility and
the interplay of fear and desire in sustainability transitions. Environ. Innov. Soc. Transit. 2020, 35, 88–102.
[CrossRef]

67. Lee, J.; Bazalian, M.; Sovacool, B.; Hund, K.; Jowitt, S.M.; Nguyen, T.P.; Manberger, A.; Kah, M.; Greene, S.;
Galeazzi, C.; et al. Reviewing the material and metal security of low-carbon energy transitions. Renew. Sustain.
Energy Rev. 2020, 124, a109789. [CrossRef]

68. The World Bank. Minerals for Climate Action; The World Bank: Washington, DC, USA, 2020.
69. Newman, P.; Wills, R.; Edwards, C.; Yates, C. Lithium Valley: Building the Case to Establish Western Australia As

a Manufacturer of Energy Metals and Power Storage; Regional Development Australia, Kwinana Industries
Council and Curtin University: Perth, Australia, 2018.

70. Newman, P.; Hargroves, K.; Davies-Slate, S.; Conley, D.; Verschuer, M.; Mouritz, M.; Yangka, D. The Trackless
Tram: Is it the Transit and City Shaping Catalyst we have been waiting for? J. Transp. Technol. 2019, 9, 31–55.
[CrossRef]

71. Ajao, A. Everything you wanted to know about scooters and micro-mobility. Forbes 2019, 1.
Available online: https://www.forbes.com/sites/adeyemiajao/2019/02/01/everything-you-want-to-know-
about-scooters-and-micro-mobility/#5209b485de65 (accessed on 8 July 2020).

72. Yuan, G.; Newman, P. Beijing’s Peak Car Transition: Hope for Emerging Cities in the 1.5 ◦C Agenda.
Urban Plan. 2018, 3, 82–93. [CrossRef]

73. StartUS. Electric Vehicle Charging: A Global Startup Hub Activity Analysis. StartUS Insights 2020.
Available online: https://www.startus-insights.com/innovators-guide/electric-vehicle-charging-global-
startup-hub-activity-analysis/ (accessed on 8 July 2020).

74. Stevenson, M.; Thompson, J. Health and The Compact City. In Decarbonising the Built Environment: Charting
the Transition; Newton, P., Prasad, D., Sproul, A., White, S., Eds.; Palgrave Macmillan: Singapore, 2019.

75. Schaller, B. The New Automobility: Lyft, Uber and the Future of American Cities; Schaller Consulting: New York,
NY, USA, 2018.

76. Corbell, S.; University of Canberra, Bruce, Australia. Energy Estate. Personal communication.

https://authors.elsevier.com/a/1b2eHy5jOd0aY
http://dx.doi.org/10.1016/j.cities.2020.102651
http://dx.doi.org/10.1016/j.envpol.2020.114465
http://dx.doi.org/10.1016/j.scitotenv.2020.138605
http://dx.doi.org/10.1101/2020.04.05.20054502
http://dx.doi.org/10.1101/2020.04.16.20067405
https://www.mckinsey.com/~{}/media/mckinsey/industries/automotive%20and%20assembly/our%20insights/electrifying%20insights%20how%20automakers%20can%20drive%20electrified%20vehicle%20sales%20and%20profitability/how%20automakers%20can%20drive%20electrified%20vehicle%20sales%20and%20profitabilitymck.ashx
https://www.mckinsey.com/~{}/media/mckinsey/industries/automotive%20and%20assembly/our%20insights/electrifying%20insights%20how%20automakers%20can%20drive%20electrified%20vehicle%20sales%20and%20profitability/how%20automakers%20can%20drive%20electrified%20vehicle%20sales%20and%20profitabilitymck.ashx
https://www.mckinsey.com/~{}/media/mckinsey/industries/automotive%20and%20assembly/our%20insights/electrifying%20insights%20how%20automakers%20can%20drive%20electrified%20vehicle%20sales%20and%20profitability/how%20automakers%20can%20drive%20electrified%20vehicle%20sales%20and%20profitabilitymck.ashx
https://www.mckinsey.com/~{}/media/mckinsey/industries/automotive%20and%20assembly/our%20insights/electrifying%20insights%20how%20automakers%20can%20drive%20electrified%20vehicle%20sales%20and%20profitability/how%20automakers%20can%20drive%20electrified%20vehicle%20sales%20and%20profitabilitymck.ashx
https://www.transportenvironment.org/sites/te/files/publications/Electric%20buses%20arrive%20on%20time.pdf
https://www.transportenvironment.org/sites/te/files/publications/Electric%20buses%20arrive%20on%20time.pdf
http://dx.doi.org/10.1016/j.apenergy.2018.12.017
http://dx.doi.org/10.1016/j.joule.2017.08.019
http://dx.doi.org/10.1016/j.eist.2020.02.004
http://dx.doi.org/10.1016/j.rser.2020.109789
http://dx.doi.org/10.4236/jtts.2019.91003
https://www.forbes.com/sites/adeyemiajao/2019/02/01/everything-you-want-to-know-about-scooters-and-micro-mobility/#5209b485de65
https://www.forbes.com/sites/adeyemiajao/2019/02/01/everything-you-want-to-know-about-scooters-and-micro-mobility/#5209b485de65
http://dx.doi.org/10.17645/up.v3i2.1246
https://www.startus-insights.com/innovators-guide/electric-vehicle-charging-global-startup-hub-activity-analysis/
https://www.startus-insights.com/innovators-guide/electric-vehicle-charging-global-startup-hub-activity-analysis/


Urban Sci. 2020, 4, 32 25 of 29

77. Glazebrook, G.; Newman, P. The City of the Future. Urban Plan. 2018, 3, 1–20. [CrossRef]
78. Newman, P.; Davies-Slate, S.; Conley, D.; Hargroves, K.; Mouritz, M. From TOD to TAC: The Transport Policy

Shift to Transit Activated Corridors along Main Roads with New Technology Transit Systems. Transp. Policy
2020. in submission.

79. Newman, P.W.G.; Kenworthy, J.R. Cities and Automobile Dependence, an International Sourcebook; Gower:
Aldershot, UK, 1989.

80. Newman, P.W.G.; Kenworthy, J.R. Sustainability and Cities: Overcoming Automobile Dependence; Island Press:
Washington, DC, USA, 1999.

81. Newman, P.; Kenworthy, J. The End of Automobile Dependence: How Cities Are Moving Beyond Car-based Planning;
Island Press: Washington, DC, USA, 2015.

82. Gehl, J. Cities for People; Island Press: Washington, DC, USA, 2010.
83. Matan, A.; Newman, P. People Cities: The Life and Legacy of Jan Gehl; Island Press: Washington, DC, USA, 2016.
84. Harris, S. Post Lockdown London: Parking Spaces and Traffic Lanes to Vanish to Encourage Walking and

Cycling. 2020. Available online: https://www.itv.com/news/london/2020-05-06/post-lockdown-london-
parking-spaces-and-traffic-lanes-to-vanish-to-encourage-walking-and-cycling/ (accessed on 8 July 2020).

85. Davies, A. The Pandemic Could Be an Opportunity to Remake Cities. Wired 2020. Available online:
https://www.wired.com/story/pandemic-opportunity-remake-cities/ (accessed on 8 July 2020).

86. Laker, L. World cities turn their streets over to walkers and cyclists. The Guardian, 11 April 2020.
Available online: https://www.theguardian.com/world/2020/apr/11/world-cities-turn-their-streets-over-
to-walkers-and-cyclists?CMP=Share_AndroidApp_Tweet#maincontent(accessed on 8 July 2020).

87. Transport Scotland. COVID-19 Transport Trend Data—20–26 April 2020; Transport Scotland: Edinburgh,
UK, 2020.

88. Quinn, B. London Cycling Could Increase Tenfold after Lockdown. 2020. Available online: https:
//www.newsbreak.com/news/0OyjFBww/london-cycling-could-increase-tenfold-after-lockdown-says-tfl
(accessed on 8 July 2020).

89. Walawalkar, W. UK Plans £250m Boost for Cycle Lanes and Fast-Track E-Scooter Trials. The Guardian,
9 May 2020. Available online: https://amp-theguardian-com.cdn.ampproject.org/c/s/amp.theguardian.com/

uk-news/2020/may/09/uk-to-invest-cycle-lanes-coronavirus-air-pollution(accessed on 8 July 2020).
90. Available online: https://www.youtube.com/watch?v=UlteeyvX-3g (accessed on 8 July 2020).
91. Reid, C. Every Street In Paris To Be Cycle-Friendly By 2024, Promises Mayor. Forbes, 21 January 2020.

Available online: https://www.forbes.com/sites/carltonreid/2020/01/21/phasing-out-cars-key-to-paris-
mayors-plans-for-15-minute-city/#24ee583f6952(accessed on 8 July 2020).

92. Creutzig, F.; Fernandez, B.; Haberl, H.; Khosla, R.; Mulugetta, Y.; Seto, K.C. Beyond Technology: Demand-Side
Solutions for Climate Change Mitigation. Annu. Rev. Environ. Resour. 2016, 41, 173–198. [CrossRef]

93. Creutzig, F.; Roy, J.; Lamb, W.F.; Azevedo, I.M.; De Bruin, W.B.; Dalkmann, H.; Edelenbosch, O.Y.;
Geels, F.W.; Grubler, A.; Hepburn, C.; et al. Towards demand-side solutions for mitigating climate change.
Nat. Clim. Chang. 2018, 8, 260–263. [CrossRef]

94. Rolnick, D.; Donti, P.L.; Kaack, L.H.; Kochanski, K.; Lacoste, A.; Sankaran, K.; Ross, A.S.; Milojevic-Dupont, N.;
Jacques, N.; Waldman-Brown, A.; et al. Tackling Climate Change with Machine Learning. arXiv 2019,
arXiv:1906.05433.

95. Sirolli, E. Ripples from the Zambezi: Passion, Entrepreneurship, and the Rebirth of Local Economies; New Society
Publishers: Vancouver, BC, Canada, 1995.

96. Sirolli, E. How to Start a Business & Ignite Your Life: A Simple Guide to Combining Business Wisdom with Passion;
Square One Publishers: New York, NY, USA, 2012.

97. Abrahamse, W.; Steg, L. Social influence approaches to encourage resource conservation: A meta-analysis.
Glob. Environ. Chang. 2013, 23, 1773–1785. [CrossRef]

98. O’Brien, L.V.; McNeil, I.M.; Bruce, G.; Critchley, C.R.; Dudgeon, P.; Newton, P.; Robins, G.; Ambrose, M.;
Walshe, J.; Kashima, Y. A Social Psychological Guide for Transformation into Low Carbon Living.
In Decarbonising the Built Environment: Charting the Transition; Newton, P., Prasad, D., Sproul, A., White, S.,
Eds.; Palgrave Macmillan: Singapore, 2019.

99. Eon, C.; Breadsell, J.; Morrison, G.; Byrne, J. Shifting Home Energy Consumption through a Holistic
Understanding of the Home System of Practice. In Decarbonising the Built Environment: Charting the Transition;
Newton, P., Prasad, D., Sproul, A., White, S., Eds.; Palgrave Macmillan: Singapore, 2019.

http://dx.doi.org/10.17645/up.v3i2.1247
https://www.itv.com/news/london/2020-05-06/post-lockdown-london-parking-spaces-and-traffic-lanes-to-vanish-to-encourage-walking-and-cycling/
https://www.itv.com/news/london/2020-05-06/post-lockdown-london-parking-spaces-and-traffic-lanes-to-vanish-to-encourage-walking-and-cycling/
https://www.wired.com/story/pandemic-opportunity-remake-cities/
https://www.theguardian.com/world/2020/apr/11/world-cities-turn-their-streets-over-to-walkers-and-cyclists?CMP=Share_AndroidApp_Tweet#maincontent
https://www.theguardian.com/world/2020/apr/11/world-cities-turn-their-streets-over-to-walkers-and-cyclists?CMP=Share_AndroidApp_Tweet#maincontent
https://www.newsbreak.com/news/0OyjFBww/london-cycling-could-increase-tenfold-after-lockdown-says-tfl
https://www.newsbreak.com/news/0OyjFBww/london-cycling-could-increase-tenfold-after-lockdown-says-tfl
https://amp-theguardian-com.cdn.ampproject.org/c/s/amp.theguardian.com/uk-news/2020/may/09/uk-to-invest-cycle-lanes-coronavirus-air-pollution
https://amp-theguardian-com.cdn.ampproject.org/c/s/amp.theguardian.com/uk-news/2020/may/09/uk-to-invest-cycle-lanes-coronavirus-air-pollution
https://www.youtube.com/watch?v=UlteeyvX-3g
https://www.forbes.com/sites/carltonreid/2020/01/21/phasing-out-cars-key-to-paris-mayors-plans-for-15-minute-city/#24ee583f6952
https://www.forbes.com/sites/carltonreid/2020/01/21/phasing-out-cars-key-to-paris-mayors-plans-for-15-minute-city/#24ee583f6952
http://dx.doi.org/10.1146/annurev-environ-110615-085428
http://dx.doi.org/10.1038/s41558-018-0121-1
http://dx.doi.org/10.1016/j.gloenvcha.2013.07.029


Urban Sci. 2020, 4, 32 26 of 29

100. Pears, A.; Moore, T. Decarbonising Household Energy Use: The Smart Meter Revolution and Beyond.
In Decarbonising the Built Environment: Charting the Transition; Newton, P., Prasad, D., Sproul, A., White, S.,
Eds.; Palgrave Macmillan: Singapore, 2019.

101. Byrne, J.; Berry, S.; Eon, C. Transitioning to Net Zero Homes—Learnings from the CRC’s High-Performance
Housing Living Laboratories. In Decarbonising the Built Environment: Charting the Transition; Newton, P.,
Prasad, D., Sproul, A., White, S., Eds.; Palgrave Macmillan: Singapore, 2019.

102. Climate Clever Homes Calculator. Available online: https://www.climateclever.org/homes (accessed on
8 July 2020).

103. Allam, Z.; Newman, P. Redefining the Smart City: Culture, Metabolism and Governance. Smart Cities 2018,
1, 4–25. [CrossRef]

104. Cano, Z.P.; Banham, D.; Ye, S.; Hintennach, A.; Lu, J.; Fowler, M.; Chen, Z. Batteries and fuel cells for
emerging electric vehicle markets. Nat. Energy 2018, 3, 279–289. [CrossRef]

105. Abatolebi, E.; Scott, D.M.; Ferguson, M.R. Can Canadian households benefit economically from purchasing
battery electric vehicles? Transp. Res. Part D: Transp. Environ. 2019, 77, 292–302. [CrossRef]

106. COAG Energy Council. Australia’s National Hydrogen Strategy; COAG Energy Council: Canberra,
Australia, 2019.

107. Western Australian Government. Western Australian Renewable Hydrogen Strategy, Department of Regional
Development. 2019. Available online: http://www.drd.wa.gov.au/Publications/Documents/wa_renewable_
hydrogen_strategy.pdf (accessed on 8 July 2020).

108. Mathews, J.; Tan, H. Economics: Manufacture renewables to build energy security. Nature 2014, 513, 166–168.
[CrossRef]

109. Vetter, D. South Korea Embraces EU-style Green Deal for Covid-19 Recovery. Forbes, 16 April 2020.
Available online: https://www.forbes.com/sites/davidrvetter/2020/04/16/south-korea-embraces-eu-style-
green-deal-for-covid-19-recovery/#5c07f04b5611(accessed on 8 July 2020).

110. GI-REC. Circular Economy Indicators: What do they Measure? Glob. Initiat. Resour. Effic. Cities 2018.
Available online: https://resourceefficientcities.org/2018/11/circular-economy-indicators-what-do-they-
measure/ (accessed on 8 July 2020).

111. Petit-Boix, A.; Leipold, S. Circular Economy in Cities: Reviewing how environmental research aligns with
local practices. J. Clean. Prod. 2018, 195, 1270–1281. [CrossRef]

112. Teferi, Z.A.; Newman, P. Slum Upgrading: Can the 1.5 ◦C Carbon Reduction Work with SDGs in these
Settlements? Urban Plan. 2018, 3, 52–63. [CrossRef]

113. ADEPT—Association of Environment, Economy, Planning and Transport. Covid-19 Waste Impacts Survey.
2020. Available online: https://resource.co/article/councils-report-large-increases-waste-during-covid-19-
outbreak (accessed on 8 July 2020).

114. Zaman, A.; Newman, P. Plastics: Are they part of the zero=waste agenda or the toxic waste agenda?
Sustain. Earth 2020, in press.

115. Hook, L.; Read, J. Why the world’s recycling systems stopped working. Financial Times, 25 October 2018.
Available online: https://www.ft.com/content/360e2524-d71a-11e8-a854-33d6f82e62f8 (accessed on
8 July 2020).

116. Steffen, W.; Richardson, K.; Rockström, J.; Cornell, S.E.; Fetzer, I.; Bennett, E.M.; Biggs, R.; Carpenter, S.R.;
de Vries, W.; de Wit, C.A.; et al. Planetary Boundaries: Guiding human development on a changing planet.
Science 2015, 347. [CrossRef]

117. Meyer, K.; Newman, P. Planetary Accounting; Springer: Berlin/Heidelberg, Germany, 2020.
118. Wilson, E.O. Biophilia; Harvard University Press: Cambridge, MA, USA, 1984.
119. Kellert, S.R.; Heerwagon, J.; Mador, M.L. Biophillic Design: The Theory, Science and Practice of Bringing Buildings

to Life; Wiley: Hoboken, NJ, USA, 2008.
120. Beatley, T. Biophilic Cities: Integrating Nature into Urban Design and Planning; Island Press: Washington, DC,

USA, 2011.
121. Soderlund, J. The Emergence of Biophilic Design; Springer: London, UK, 2019.
122. Newman, P. Biophilic Urbanism: A Case Study of Singapore. Aust. Plan. 2014, 51, 47–65. [CrossRef]
123. Newman, P.; Blagg, L.; Beatley, T. Singapore: Biophilic City. 2012. Available online: http://www.youtube.

com/watch?v=XMWOu9xIM_k (accessed on 8 July 2020).

https://www.climateclever.org/homes
http://dx.doi.org/10.3390/smartcities1010002
http://dx.doi.org/10.1038/s41560-018-0108-1
http://dx.doi.org/10.1016/j.trd.2019.10.014
http://www.drd.wa.gov.au/Publications/Documents/wa_renewable_hydrogen_strategy.pdf
http://www.drd.wa.gov.au/Publications/Documents/wa_renewable_hydrogen_strategy.pdf
http://dx.doi.org/10.1038/513166a
https://www.forbes.com/sites/davidrvetter/2020/04/16/south-korea-embraces-eu-style-green-deal-for-covid-19-recovery/#5c07f04b5611
https://www.forbes.com/sites/davidrvetter/2020/04/16/south-korea-embraces-eu-style-green-deal-for-covid-19-recovery/#5c07f04b5611
https://resourceefficientcities.org/2018/11/circular-economy-indicators-what-do-they-measure/
https://resourceefficientcities.org/2018/11/circular-economy-indicators-what-do-they-measure/
http://dx.doi.org/10.1016/j.jclepro.2018.05.281
http://dx.doi.org/10.17645/up.v3i2.1239
https://resource.co/article/councils-report-large-increases-waste-during-covid-19-outbreak
https://resource.co/article/councils-report-large-increases-waste-during-covid-19-outbreak
https://www.ft.com/content/360e2524-d71a-11e8-a854-33d6f82e62f8
http://dx.doi.org/10.1126/science.1259855
http://dx.doi.org/10.1080/07293682.2013.790832
http://www.youtube.com/watch?v=XMWOu9xIM_k
http://www.youtube.com/watch?v=XMWOu9xIM_k


Urban Sci. 2020, 4, 32 27 of 29

124. Biophilic Cities Network. Available online: https://www.biophiliccities.org/covid19-research (accessed on
8 July 2020).

125. Mollison, B.; Holmgren, D. Permaculture One: A Perennial Agriculture for Human Settlements; Transworld
Publishers: Melbourne, Australia, 1978; ISBN 978-0-938240-00-6.

126. Holmgren, D. Retrosuburbia: The Downshifter’s Guide to a Resilient Future; Melliodora: Hobart, Australia, 2020.
127. McHarg, I. Design with Nature; Wiley: New York, NY, USA, 1970.
128. Newman, P. An Ecological Model for City Structure and Development. Ekistics 1975, 239, 258–265.
129. Benyus, J. Biomimicry; Harper: New York, NY, USA, 1997.
130. Girardet, H. Creating Regenerative Cities; Routledge: London, UK, 2014.
131. Giradet, H. Regenerative Cities Making Cities Work for People and Planet; Background Paper; CRC for Low

Carbon Living: Sydney, Australia, 2017.
132. Hes, D.; Du Plessiss, C. Designing for Hope: Pathways to Regenerative Sustainability; Routledge: Oxon, UK, 2015.
133. Jacobs, J. Cities and the Wealth of Nations; Penguin: Harmondsworth, UK, 1984.
134. Beatley, T. Native to Nowhere: Sustaining Home and Community in a Global Age; Island Press: Washington, DC,

USA, 2004.
135. Eisenstein, C. The Coronation. 2020. Available online: https://charleseisenstein.org/essays/the-coronation/

(accessed on 8 July 2020).
136. Newman, P. Regenerative Development, IPAT and Civicide: Creating hope in a time of recovery. Sustain. Earth

2020, in press.
137. Thomson, G.; Newman, P. Geoengineering in the Anthropocene through Regenerative Urbanism. Geosciences

2016, 6, 46. [CrossRef]
138. Thomson, G.; Newman, P. Cities and the Anthropocene: Urban governance for the new era of regenerative

cities. Urban Stud. 2018. [CrossRef]
139. Thomson, G.; Newman, P. Urban Fabrics and Urban Metabolism: From Sustainable to Regenerative Cities.

Resour. Conserv. Recycl. 2018, 132, 218–229. [CrossRef]
140. Flannery, T. Atmosphere of Hope: Solutions to the Climate Crisis; Text Publishing Company: Melbourne,

Australia, 2005.
141. Thomson, G.; Newton, P.; Newman, P. Sustainable Precincts: Transforming Australian Cities One

Neighbourhood at a Time. In Decarbonising the Built Environment: Charting the Transition; Newton, P.,
Prasad, D., Sproul, A., White, S., Eds.; Palgrave Macmillan: Singapore, 2019.

142. Thomson, G.; Newton, P.; Newman, P. Urban Regeneration and Urban Fabrics in Australian Cities. J. Urban
Regen. Renew. 2016, 10, 1–22.

143. Patt, A.; ETH, Zurich, Switzerland. Personal communication, 2020.
144. Landry, C. Advanced Introduction to The Creative City; Edward Elgar: Cheltenham, UK, 2019.
145. Newman; Blagg, L.; Beatley, T. Christchurch: Resilient City. 2014. Available online: https://www.youtube.

com/watch?v=otv4JwjrznI (accessed on 8 July 2020).
146. Newman, P. Density, the Sustainability Multiplier: Some Myths and Truths with Application to Perth,

Australia. Sustainability 2014, 6, 6467–6487. [CrossRef]
147. Jacobs, J. The Death and Life of Great American Cities; Vintage: New York, NY, USA, 1961.
148. Gaynor, A.; Newman, P.; Jennings, P. Never Again: Reflections on Environmental Responsibility after Roe 8; UWA

Scholar Press: Perth, Australia, 2017.
149. Newman, P.; Kosonen, L.; Kenworthy, J. Theory of urban fabrics: Planning the walking, transit and automobile

cities for reduced automobile dependence. Town Plan. Rev. 2016, 87, 429–458. [CrossRef]
150. Newman, P.; Thomson, G.; Helminem, V.; Kosonen, L.; Terama, E. Sustainable Cities: How Urban Fabrics Theory

can Help Sustainable Development; Reports of the Finnish Environment Institute, No 39; Finnish Environment
Institute: Helsinki, Finland, 2019.

151. Newman, P. Driverless vehicles and pedestrians don’t mix. So how do we re-arrange our cities?
The Conversation, 28 November 2019.

152. Witchcliffe Eco-Village. Available online: https://www.ecovillage.net.au/ (accessed on 8 July 2020).
153. Bloch, M. Solar + Storage For Northern Minerals Mining Project. Solar Quotes 2020. Available online:

https://www.solarquotes.com.au/blog/solar-storage-northern-minerals-mb1516/ (accessed on 8 July 2020).

https://www.biophiliccities.org/covid19-research
https://charleseisenstein.org/essays/the-coronation/
http://dx.doi.org/10.3390/geosciences6040046
http://dx.doi.org/10.1177/0042098018779769
http://dx.doi.org/10.1016/j.resconrec.2017.01.010
https://www.youtube.com/watch?v=otv4JwjrznI
https://www.youtube.com/watch?v=otv4JwjrznI
http://dx.doi.org/10.3390/su6096467
http://dx.doi.org/10.3828/tpr.2016.28
https://www.ecovillage.net.au/
https://www.solarquotes.com.au/blog/solar-storage-northern-minerals-mb1516/


Urban Sci. 2020, 4, 32 28 of 29

154. Vorrath, S.W.A. to fund solar farms in six remote indigenous communities. One Step Off the Grid 2019.
Available online: https://onestepoffthegrid.com.au/w-a-to-fund-solar-farms-in-six-remote-indigenous-
communities/ (accessed on 8 July 2020).

155. Gao, Y.; Kenworthy, J.; Newman, P.; and Gao, W. Transport and mobility trends in Beijing and Shanghai:
Implications for urban passenger transport energy transitions worldwide. In Urban Energy Transitions,
2nd ed.; Droege, P., Ed.; Elsevier: Berlin, Germany, 2017.

156. Teferi, Z.; Newman, P. Slum Regeneration and Sustainability: Applying the Extended Metabolism Model
and the SDG’s. Sustainability 2017, 9, 2273. [CrossRef]

157. UNCRD. Bridging the Urban Transport Infrastructure Gap in the Context of Smart and Resilient
Cities—the Role of Private Sector and Public-Private-Partnerships. In Proceedings of the Background
Paper for Environmentally Sustainable Transport Conference, Hanoi, Vietnam, 9 October 2019;
Available online: https://www.uncrd.or.jp/content/documents/792912th%20EST%20Forum-Background%
20paper%20for%20EST%20Plenary%20Session%203-Prof.%20Newman.pdf (accessed on 8 July 2020).

158. Newman, P.; Davies-Slate, S.; Jones, E. The Entrepreneur Rail Model: Funding urban rail through majority
private investment in urban regeneration. Res. Transp. Econ. 2017, 67, 19–28. [CrossRef]

159. Sharma, R.; Newman, P. Land Value Capture Tools: Integrating Transit and Land Use through Finance to
Enable Economic Value Creation. Mod. Econ. 2020, 11, 938–964. [CrossRef]

160. Sharma, R.; Newman, P. Does rail increase land value in emerging Cities? Value uplift from Bangalore metro.
Transp. Res. A: Policy Pract. 2018, 117, 1016. [CrossRef]

161. McIntosh, J.; Newman, P.; Trubka, R.; Kenworthy, J. Framework for land value capture from the investment
in transit in car dependent cities. J. Transp. Land Use 2017, 10, 1–31. [CrossRef]

162. Matan, A.; Newman, P.; Trubka, R.; Beattie, C.; Selvey, A. Health, Transport and Urban Planning: Quantifying
the Links between Urban Assessment Models and Human Health. Urban Policy Res. 2015, 33, 145–159.
[CrossRef]

163. Newman, P.; Matan, A. Human Health and Human Mobility. Curr. Opin. Environ. Sustain. 2012, 4, 420–426.
[CrossRef]

164. Cabanek, A.; Newman, P. Biophilic Urban Regeneration: Can Biophilics Be A Land Value Capture Mechanism?
In WIT Transactions on Ecology and the Environment. Sustainable Development and Planning; Brebbia, C.A.,
Zubir, S.S., Hassan, A.S., Eds.; WIT Press: Southampton, UK, 2016; pp. 65–78.

165. Sharp, D. Sharing Cities for Urban Transformation: Narrative, Policy and Practice. Urban Policy Res. 2018,
1–14. [CrossRef]

166. Hartz-Karp, J.; Marinova, D. Methods for Sustainability Research; Edward Elgar: London, UK, 2012.
167. Newman, P. The Theology of Sustainability Practice. In Handbook of Engaged Sustainability; Marques, J., Ed.;

Springer: Cham, Switzerland, 2018. [CrossRef]
168. Salter, R.; Merson, J.; Rauland, V.; Odell, P.; Sharp, D. Engaging Local Communities. In Decarbonising the Built

Environment: Charting the Transition; Newton, P., Prasad, D., Sproul, A., White, S., Eds.; Palgrave Macmillan:
Singapore, 2019.

169. Newton, P.; Newman, P.; Glackin, S.; Trubka, R. Greening the Greyfields: Unlocking the Development
Potential of Middle Suburbs in Australian Cities. World Acad. Sci. Eng. Technol. 2012, 71, 138–157.

170. Newman, P. Sustainable urbanization: Four stages of infrastructure planning and progress. J. Sustain. Urban.
Plan. Prog. 2016, 1, 3–10. [CrossRef]

171. Newman, P. Transport priorities shaping the urban fabric: New methods and tools. In Methods for Sustainability
Research; Hartz-Karp, J., Marinova, D., Eds.; Edward Elgar: London, UK, 2017.

172. Newman, P. Fast-tracked Planning for the Corona Virus Recovery: Can Triage Help? The Fifth Estate,
28 April 2020. Available online: https://www.thefifthestate.com.au/columns/spinifex/fast-tracked-planning-
for-the-coronavirus-recovery-can-triage-help/?ct=t%2828+april+2020%29&mc_cid=a894042259&mc_
eid=%5BUNIQID%5D(accessed on 8 July 2020).

173. Florida, R. The New Urban Crisis; Oneworld Publications: Bloomsbury Street, UK, 2017.
174. Florida, R. How culture shapes economic development. City Lab 2018.

https://onestepoffthegrid.com.au/w-a-to-fund-solar-farms-in-six-remote-indigenous-communities/
https://onestepoffthegrid.com.au/w-a-to-fund-solar-farms-in-six-remote-indigenous-communities/
http://dx.doi.org/10.3390/su9122273
https://www.uncrd.or.jp/content/documents/792912th%20EST%20Forum-Background%20paper%20for%20EST%20Plenary%20Session%203-Prof.%20Newman.pdf
https://www.uncrd.or.jp/content/documents/792912th%20EST%20Forum-Background%20paper%20for%20EST%20Plenary%20Session%203-Prof.%20Newman.pdf
http://dx.doi.org/10.1016/j.retrec.2017.04.005
http://dx.doi.org/10.4236/me.2020.114070
http://dx.doi.org/10.1016/j.tra.2018.08.020
http://dx.doi.org/10.5198/jtlu.2015.531
http://dx.doi.org/10.1080/08111146.2014.990626
http://dx.doi.org/10.1016/j.cosust.2012.08.005
http://dx.doi.org/10.1080/08111146.2017.1421533
http://dx.doi.org/10.1007/978-3-319-53121-2_6-1
http://dx.doi.org/10.18063/JSUPP.2016.01.005
https://www.thefifthestate.com.au/columns/spinifex/fast-tracked-planning-for-the-coronavirus-recovery-can-triage-help/?ct=t%2828+april+2020%29&mc_cid=a894042259&mc_eid=%5BUNIQID%5D
https://www.thefifthestate.com.au/columns/spinifex/fast-tracked-planning-for-the-coronavirus-recovery-can-triage-help/?ct=t%2828+april+2020%29&mc_cid=a894042259&mc_eid=%5BUNIQID%5D
https://www.thefifthestate.com.au/columns/spinifex/fast-tracked-planning-for-the-coronavirus-recovery-can-triage-help/?ct=t%2828+april+2020%29&mc_cid=a894042259&mc_eid=%5BUNIQID%5D


Urban Sci. 2020, 4, 32 29 of 29

175. Diamond, J. Collapse: How Societies Choose to Fail or Succeed; Viking: New York, NY, USA, 2005.
176. Hancock, P. In Praise of Civicide. Sustain. Earth 2019, 2, 8. [CrossRef]

© 2020 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1186/s42055-019-0014-9
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction: What Covid Has Done to Cities 
	Historical Precedents for Urban Responses after Economic Collapse 
	Long-Wave Innovation Theory and Potentials in the New Economy 
	Renewable Energy, Especially PV and Batteries 
	Electromobility, Micromobility, Transit, Walkability and Active Transport 
	Smart-Cities-Based Demand Management 
	Hydrogen-Based Industry 
	Transport 
	Industry 

	Circular Economy 
	Biophilic Urbanism, Permaculture and Nature-Based City Planning 

	The Covid Collapse and Multilevel Perspectives on Innovations 
	The Covid Collapse and Climate Implications for Our Cities 
	Relocalised Centres With Integrated Local Place Infrastructure 
	Tailored Relocalised Centres in Each Urban Fabric 
	Less Car Dependence in Most Urban Fabrics 
	Symbiotic Partnerships to Fund the New Urban Economy 
	Rewriten Manuals for The New Urban Economy 

	The Human Dimension: Cultural Urban Renaissance 
	Conclusions 
	References

