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Graphical Abstract

This graphical abstract illustrates the evolution of the relationship between cities and the environment.
It begins with the demand for agriculture, the first transformation that supported urban growth. The
Industrial Revolution is shown as a turning point that intensified environmental impacts.
Consumerism is represented as a driver of ecological degradation. The final stage highlights eco-
cities as a pathway towards sustainability and human well-being. The central question, “Cities — Good
for the Environment? ”, emphasises that cities are both a source of environmental problems and a
potential solution to climate change.

Cities demanded agrlculture
—flrst transformation.

Consumerism

=> environmental
degradation

DOI: 10.63095/NBSEH.25.907780

Available online 16 October 2025

Citation: O’Brien G., Kotter R., 2025. Cities
— Good for the Environment? Natural Built
Social Environment Health, 1(5), 4-34. DOI:
10.63095/NBSEH.25.907780

-

Industrialialization => urban impacts

Cities — Good for the
Environment?

Eco-cities for sustainability &
human well-being

Abstract: Cities have played a huge role in human development over
millennia, shaping the environment and the earth’s climate system for
many years. Over the last 200 years, the rate of impact has accelerated.
The Industrial Revolution changed the way we use resources, and
resource use has continued to grow. We are still in the fourth phase, which
is marked by emerging technology breakthroughs in a number of fields.
The present economic system is based on consumerism and economic
growth. The global population has continued to grow. Urbanization has
increased, with now more than half of the global human population living
in cities. This is forecast to grow to 70 percent of the global population by
2050. To improve the environmental performance of cities, we will need
smart solutions for energy, transport and resource use. Cities must have a
low environmental footprint. This will require smart solutions and a
change in lifestyles. Future cities must focus on human well-being, and
our environmentally (and socially) destructive consumerist lifestyle.
Current generations have no right to trash the planet and deny
opportunities for other species.
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Introduction

According to Glaeser [1], cities are humanity’s ‘greatest invention’. Taylor et al. [2] argue that cities
are demanding. Using Jacobs' ‘city first’ theory (which argues that cities effectively started organized
agriculture as they required it to feed them — and that cities were driven by craft production and
economic processes such as the ‘export multiplier’ and ‘import replacement’ effects [4]), Taylor et
al. also claim that the city demanded the invention of agriculture. As cities grew it was realized that
pastoralism could not provision the city, and another source of food was needed — thus agriculture
was invented by city demand. Drawing on the work of Ruddiman [3], Taylor et al. [2] conclude that
climate change is an unintended consequence of the demand of cities. In his ‘early Anthropocene’
hypothesis, Ruddiman [3] sees nature in control of the climate until some 8000 years ago human
beings took control. Increasing deforestation along with a growing population led to an increase in
carbon emissions and some 5000 years ago methane, a greenhouse gas, was being generated by rice
production. Over many millennia, there is a story of a uniquely dangerous species whose material
reproduction is becoming enormous, simply too big for the Earth.

Cities emerged at various times and places across the world as special settlements orchestrating
local/non-local relations. According to Jacobs [4], ‘in modern and historical times, no creative local
economy — which is to say, no city economy — seems to have grown in isolation from other cities. A
city does not grow by trading only with a rural hinterland. A city seems always to have implied a
group of cities, in trade with one another.” Living in a city as part of a network of cities means a whole
new world of enhanced communication, in terms of both quantity and quality. Compared to hunter-
gatherer bands of some 150 people that may be in contact with other bands, city networks would
show far greater numbers. It has been estimated that in Catalhoyuk (one of the earliest cities) in
Anatolia, in about 7000BC residents had a human communication enhancement greater than pre-
urban people by a factor of nearly 2,700, and for Uruk (in Mesopotamia, perhaps the first great city)
about 4000 years later the enhancement factor was over 550,000 [5]. In other words, living in cities
totally transformed the density and diversity of communications of people providing direct access to
so much more information and knowledge than could ever be experienced in previous non-urban

worlds.

Does this make a difference? According to Glaeser [1], all this additional communication enables city
residents to become ‘smarter’ than their less connected country cousins; they have more and diverse
people to learn from who are also smarter from being in cities. In particular, Glaeser argues that ‘cities
speed innovation by connecting their smart inhabitants to each other’ to become very creative places.
This is the reason cities have such a strong historical track record for creative change: ‘cities’ are
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literally synonymous with ‘civilizations [6]. But being ‘smarter’ is not just about transformative
innovations; living in cities can instigate collective changes in ways of living in numerous economic,
social and ethical ways. Overall, urban populations did grow and continue to do so, and today another

of the unintended consequences of urbanization is an increasingly elderly population in cities [7].

Social development had increasing impacts on the climate system and the physical environment. In
terms of climate change there is speculation that interactions between civilizations led to the Little
Ice Age. Nevle et al. [8] and Powell [9] claim that the early explorers of the Americas brought diseases
to which the native populations had no resistance. Up to 80 million people are thought to have died.
This catastrophic population drop led to the rapid regrowth of deforested areas in the Americas. This
lowered the carbon concentration, and some maintain that was the cause of the Little Ice Age in the
northern hemisphere. Clement et al. [10] argue that there is clear evidence that the Amazonian basin
had a large area cleared for agriculture. Remote sensing has found remains of cities, roads and other
infrastructure. This supports reports by early explorers such as conquistador Francisco de Orellana,
who claimed that in 1542 he saw many large towns along the banks of the Amazon [11].

Human beings have interacted with the environment for many millennia. But, over the last 200 years
we have seen a marked change in the relationship between humanity and the planet on which we

depend.

The Industrial Revolution, beginning in the eighteenth century in the northern hemisphere, was a
major turning point in Earth’s ecology and humanity's relationship with the environment —
compounding what the Agricultural Revolution had started with intensification. The Industrial
Revolution dramatically changed every aspect of human life and lifestyles, and continues to do so
with its environmental, economic, social and cultural legacy via the intensified mass-scale use of

machines and fossil fuels etc. [12].

Weber’s 1904-5 work on The Protestant Work Ethic and the Spirit of Capitalism [13] argued that in
particular Calvinist Protestantism with an emphasis on ‘hard work’, asceticism (of various degrees
and depth for the industrial patrons), and reinvestment expanded capitalism in both Europe and North
America. The sociologist Collins [14] considers Weber’s thesis on the ‘psychological impetus for
rationalize, entrepreneurial capitalism’ as ‘only a fragment of Weber's full theory’, and essentially an

‘idealist’ one.

Tawney [15] argued in 1926 in Religion and the Rise of Capitalism, that the mediaeval European

Protestant Reformation, and in particular the Calvinist doctrine, made a critical contribution by
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separating religious ethical or moral codes of behaviour from economic actions, in the sense of

emphasizing afresh material wealth, its accumulation and self-interest connected to that.

Novak [16] writes against this view to some extent, drawing on Collins' [17] work, to argue that
capitalism was bound up with the mediaeval Church, which was a major landowner in Europe, with
a continent-wide legal system across multiple other jurisdictions. The Church provided administrative
bureaucracies at various levels and with requisite special skills to facilitate trade and investment, a
highly motivated labour force. For example, the Cistercians were noted entrepreneurs separating

themselves from mainstream feudalism and local settled restrictions.

There are four currently recognized phases to the Industrial Revolution. The first phase took place
from the 18th to 19th centuries in Europe and (mostly Northern) America. It was a period when
mostly agrarian, rural societies became industrial and urban. The iron and textile industries, along
with the development of the steam engine, played central roles in the Industrial Revolution. Cities
grew and urbanization increased. Today, more than half of the global population lives in cities. It is
forecast to grow to close to 70 percent by 2050, with nearly 7 billion of 9 billion people projected

overall in 2018 by the United Nations in their World Urbanization Prospects report [18].

During this first phase, the financial system began to change with a shift in banking practice that has
now culminated in the capitalist system. The second phase, termed the Technological Revolution,
took place between 1870 and 1914. This was a period of growth for pre-existing industries and
expansion of new ones, such as steel, oil and electricity, and used electric power in order to create
mass production. Major technological advances during this period included the telephone, the light
bulb and the internal combustion engine. The third phase, known as the Digital Revolution, refers to
the advances in technology from analogue electronic and mechanical devices to the digital technology
available today. The era started during the 1980s and continues [19]. Advances during this phase
include the personal computer, the internet and information and communications technology (ICT).
The Fourth Industrial Revolution builds on the Digital Revolution, representing new ways in which
technology becomes embedded within societies and even the human body. The fourth phase is marked
by emerging technology breakthroughs in a number of fields, such as robotics, artificial intelligence,
nanotechnology, quantum computing, biotechnology, the Internet of Things, 3D printing and

autonomous vehicles [20].
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Global Environmentalism

There is not a great deal of evidence that the environment was a major concern for our developing
societies. Even after the Industrial Revolution there is little evidence that the environment and our
impact on it was a concern. Some scientists such as Arrhenius had hypothesized that carbon dioxide
could impact the climate by making it warmer [21]. But in general concerns about the environment
did not really take shape until after World War I1.

Three women are eminent in promoting environmentalism.

Rachel Carson, in her book Silent Spring, set out the dangers of chemicals on the natural environment
[22]. Some commentators credit this work as being instrumental in shaping the Environmental
Protection Agency (EPA) in the United States. Much of the agency's early work, such as enforcing
the 1972 Federal Insecticide, Fungicide, and Rodenticide Act, was directly related to Carson's work
[23].

The writings of Barbara Ward crossed so many disciplines and interest groups that different people
remember her for different things. Environmentalists know her for the ‘unofficial report’
commissioned by the Secretary-General of the United Nations Conference on the Human
Environment, ‘prepared with the assistance of a 152-member committee of corresponding consultants
in 58 countries’, she wrote with René Dubos called Only One Earth: The Care and Maintenance of
a Small Planet (published in 1972, republished as a book in 1983) [24]. Barbara Ward also made
fundamental contributions to the UN Conference on the Human Environment in Stockholm (also in

1972), as well as to the concept of sustainable development and how it might be applied [25].

Gro Harlem Brundtland, who served as the Prime Minister of Norway, was invited in 1983 by the
then United Nations’ Secretary-General Javier Perez de Cuellar to establish and chair the World
Commission on Environment and Development (WCED), the Brundtland Commission. This
commission published its report, Our Common Future, in 1987 [26]. This provided the momentum
for the 1992 Earth Summit / United Nations Conference of Environment and Development (UNCED),
headed by Maurice Strong, who had been a prominent member of the Brundtland Commission. The
Brundtland Commission also provided momentum for Agenda 21, the principal outcome of UNCED),
often also known as the Rio de Janeiro conference. The United Nations describes Agenda 21 as ‘a
comprehensive plan of action to be [under]taken globally, nationally and locally by organizations of
the United Nations System, Governments, and Major Groups in every area in which humans impact

on the environment’ [27].
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The Brundtland Commission gave a definition for the term sustainable development: ‘Sustainable
development is development that meets the needs of the present without compromising the ability of
future generations to meet their own needs’ [26]. In the last 30 years most countries and many
organizations and movements have adopted the Brundtland definition of sustainable development and
many state that they are using this to guide policy development. Hopwood et al. [28] point out that
many developed world nations and bodies such as the World Bank and the European Union tend to
favour the status quo (see Figure 1). There is evidence of some change, but it is very incremental. It

also varies between countries and other organizations.

Equality
Transformation
Sodalist Social Ecology Ecofeminist
Comucopia Ecosocialist
Anti-capitalist Indigenous/ South’
Movement Movements
Reform Social Reform ATTAC Environmental
Real World Justice
Coalition Schumacher
Brundtiand Mainstream
ICLEI Environment
Factor Four Groups
. ! RCEP IUCN Limits
Status Green Economists (1/291) (19,‘32)
Increasing| Quo EU
Sack- DETR Ecological Mod Deep Ecol
/ cological Modéarnizers eap Ecology
Economic DEFRA Forum for
Well- tho Future  Green Consumers
Being World Bank  Natural Resource IUCN Limits
& Equality OECD Management (1980)  (1972)
Concerns Lomberg
Neo-liberal WBCSD Eco-fascist
economists
Inequality
Increasing Environmental Concerns >
Virtually none Techno- centred Eco- centred

Figure 1. Mapping Sustainable Development (Source: [28])

O’Brien and O’Keefe [29] use the Kyoto Protocol as a means of showing the difference between
countries. When the United Nations Framework Convention for Climate Change (UNFCCC) was
formed in 1992 [ratified in 1994 by 50 signatory states], most countries became signatories. It was
quickly realized that a more formal and flexible agreement was needed. This was realized in the
Kyoto Protocol, adopted in 1997 and coming into force in 2005. Although its targets were modest,

there were different responses. The USA left the Protocol under the first Presidency of Trump,
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claiming that its terms would damage its economy. The European Union took a (net reduction)
flexible approach with some Member States, such as Germany and the UK, having relatively higher
targets to meet, and others, such as Portugal, being allowed to increase greenhouse gas emissions.
The Kyoto Protocol was successful, but as stated earlier its target was very modest. The international
community has continued to look for ways to develop an international agreement to limit greenhouse
gas emissions. The latest agreement, the Paris Agreement, adopted in 2015, came into force in 2016.
The United States became a signatory in 2016, and U.S. President Obama signed an Executive Order
to ratify it, committing US$3 billion to the Green Climate Fund. In 2017, U.S. President Trump
announced that the United States would cease all participation (although it later stated that the U.S.
would abide by the 4-year exit process). Trump’s view was that the Paris Agreement would
"undermine” the U.S. economy and put the U.S. "at a permanent disadvantage”. In 2019, the first
Trump Administration gave formal notice of the intention to withdraw, which it did formally in
November 2020. The U.S. rejoined in 2021 under President Biden, through an Executive Order, and
withdrew again in January 2025 shortly after President Trump’s second inauguration (again by an

Executive Order).

Sustainable Cities

Cities themselves can promote good environmental performance. Meyer [30] points out that, using
New York as an example, cities appear to be very resource-extravagant. An analysis of the city as a
whole shows that city-centre areas, where resident density is high, vehicle ownership is below the
norm and public transport is well planned, have a lower resource consumption per capita than

corresponding suburban areas [30].

UNEP and Habitat maintain that cities have historically constituted efficient settlement patterns
because of the correlation between higher density and lower per-capita rates of resource use and
emissions [31]. They manage to accommodate more than 50% of the earth’s people on just 3% of its
surface area and generate some 80 percent of its wealth. In theory, the concentration of resources and
talent should also make cities more resilient since city structures allow decision-makers to plan
resource use and the consolidated wealth in cities should be able to buffer socio-economic shocks.
UNEP and Habitat have stated that cities and urban areas now consume 75 percent of the earth’s
natural resources and produce 60 percent of its greenhouse gas emissions and 50 percent of its waste.
Because of urban sprawl and bad or no planning, cities are losing the efficiency advantages they have

historically possessed.
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Clearly, the problems of sustainability will have to be addressed at the city-level. There have been a

number of initiatives to reduce the environmental impacts of cities.

One of them, ‘The Garden City’ concept, was initiated in 1898 by Ebenezer Howard. Garden cities
were intended to be planned, self-contained communities surrounded by greenbelts, containing
proportionate areas of residences, industry, and agriculture. The ideal garden city would house 32,000
people on a site of 6,000 acres (2,400 ha), planned on a concentric pattern with open spaces, public
parks and six radial boulevards, 120 feet (37 metres) wide, extending from the centre. The garden
city would be self-sufficient and when it reached full population, another garden city would be
developed nearby. Howard envisaged a cluster of several garden cities as satellites of a central city
of 58,000 people, linked by road and rail. Research suggests that the Garden City concept can have
many benefits such as improved health and social cohesion [32]. These ideas were promoted by
British town planners, but the British ‘New Towns’ were mainly built to accommodate the larger (and
often homeless) populations of postwar Britain, and to end slums. Coping with bomb damage with a
huge national debt did not produce the most imaginative examples of Howard’s hopes. There are
examples where only certain aspects of the concept have been selected, which mitigates the positive

effects. Further, there is evidence that it is the wealthier areas of the city that gain the most [32].

Urbanization and Future Cities

Ritchie et al. [18] show with data that ‘more than half of the world's population now [after 2007] live
in urban areas — increasingly in highly dense cities.” This is uneven between high-income and low-
income countries: ‘Across most high-income countries — across Western Europe, the Americas,
Australia, Japan, and the Middle East — more than 80% of the population lives in urban areas. Across
most upper-middle-income countries — in Eastern Europe, East Asia, North and Southern Africa, and
South America — between 50% to 80% of people do. In many low to lower-middle-income countries,
the majority still live in rural areas. But this is changing quickly.” The UN World Urbanization
Prospects projected estimates of “urban” shares of population world-wide through to 2050 in 2018.
With projected population growth being based on the UN’s medium fertility scenario, the global
human population is estimated to be about 9.8 billion in 2050, with close to 7 billion — that is more
than 2/3 — to be forecast to live in urban areas then. That does not mean they will live well, as quality
of living standards should be considered in the urban context also. According to Ritchie et al. [18],
‘one metric of living standards is the share of the urban population living in slum households. A slum
household is defined as a group of individuals living under the same roof lacking one or more of the

following conditions: access to improved water, access to improved sanitation, sufficient living area,
12
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and durability of housing. The most recent global estimates [available since 2000] suggest just under
1-in-4 people in urban areas live in slum households ... [where] most countries across Asia and Latin
America had between 10 to 50% of urban populations living in slum households. Slum households
are most prevalent across Sub-Saharan Africa; in most countries, more than half of the urban
populations live in slum households, and in some (such as Chad) around 8 in 10 people live in slum

households.’

According to the Worldwatch Institute [33], there are now more than 1.7 billion members of “the
consumer class” - nearly half of them in the developing world. A lifestyle and culture that became
common in Europe, North America, Japan, and a few other pockets of the world in the twentieth
century is going global in the twenty-first. The Institute gives a frightening array of statistics.
Worldwide, private consumption expenditures- the amount spent on goods and services at the
household level - topped $40 trillion in 2015. As incomes rise, people are gaining access to a
multitude of consumer items associated with greater prosperity; for example, 1.4 billion of the 1.9
households have a television set and some 3.2 billion people have internet access. The Institute

concludes that we must find ways of curbing excessive consumption.

This explains why a number of cities have opted to become ‘ecocities’. There are other terms such as
‘sustainable cities’ and ‘green cities’. For our purposes, we will use the eco-city term that was coined
by Richard Register in 1987 [34]. An eco-city is a city designed with consideration of environmental
impact, inhabited by people dedicated towards minimization of required inputs of energy, water and

food, and waste outputs such air pollution and greenhouse gases.

According to Joss [35], there is no complete agreement about what a sustainable city should be or
what its components should be. But, a sustainable city should meet the needs of the present without
sacrificing the ability of future generations to meet their own needs. There is likely to be a great deal
of variation in terms of how cities carry out their attempts to become sustainable. Ideally, a sustainable
city creates an enduring way of life across the four domains of ecology, economics, politics and
culture. A sustainable city should at least firstly be able to feed itself with a sustainable reliance on
the surrounding countryside. Secondly, it should be able to power itself with renewable sources of
energy. The aim is to create the smallest possible ecological footprint, and to produce the lowest
quantity of pollution possible, to use land efficiently; compost used materials, recycle or convert

waste to energy, and so the city's overall contribution to climate change will be minimal.

But as Taylor et al. [36] point out, the increase in the number of large cities that we see through the
Industrial Revolution coincides with very rapid increases in greenhouse gases. They make clear that

the key environmental trigger is immensely heightened urban demand. Traditional bourgeois thrift
13
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has been transformed into bourgeois conspicuous consumption, making modern cities ultra-
demanding. It is this toxic urban process which we have inherited today. A technocratic approach to
‘smart cities’ may well imply that city development has a technological focus as opposed to a people
focus - and this is still the case today, even within the eco-city movement [37]. Other authors, such
as Shao and Min [38], consider the ‘smart sustainable cities’ concept to be ‘human-centered,

involving the multidimensional integration of people and digitization’.

Amongst environmentalists, the role of respective technologies — including sources of energy — has
been discussed, e.g. by O’Brien [39] and O’Keefe et al. [40], and will continue to be discussed [41]
- including with controversial advocacy by Lovelock [42] and Brand [43] (e.g., on the role of civilian
nuclear energy [44], forms of hydrogen generation, carbon capture, and genetically modified
intensive agriculture for global food provision). There has been a change of tone and emphasis from
the popular thinkers more aligned to an anti-urban outlook — because of ‘ecological carrying capacity

concerns’ — e.9., views of Giradet [45].

One other direction, connected to the Garden City movement, is the *‘co-cities’ urban governance
framework, or locally adaptable design principles, proposition by Foster and laione [46], which — like
the UK Transition Town movement [47-48] - argues that cities also often harbour the solutions to
the inequalities they create’. °... [The] majority of the world's inhabitants live in cities, but even with
the vast wealth and resources these cities generate, their most vulnerable populations live without
adequate or affordable housing, safe water, healthy food, and other essentials.” ‘Practices, laws, and
policies (for the production, delivery and management of urban assets or local resources) that are ...
fostering innovation in the provision of urban services, spurring collaborative economies as a driver
of local sustainable development, and promoting inclusive and equitable regeneration of blighted

urban areas.’

This paper will argue that the eco-city should be about human well-being. It will also reflect on the

impacts of continued consumerism.

Can we develop cities that provide human well-being? First of all, we need to understand what we
mean by well-being. According to Dodge et al. [49], well-being is difficult to define. The authors
evaluate the debates on well-being from Aristotle onwards. They propose a new definition of well-
being as the balance point between an individual’s resource pool and the challenges faced as shown

in Figure 2.

14


https://orcid.org/0000-0003-2741-5620

O’Brien and Kotter Natural Built Social Environment Health 1(5) 2025: 4-34

Resources Challenges
Psychological Wellbeing Psychological
Social Social
Physical Physical

Figure 2. Balance Point (Source: [49])

In order to address well-being we need to address human needs. Two scholars, Maslow [50] and Max-
Neef [51], offer solutions. Both argue that in order to address human well-being we must look at both
our physiological and psychological needs. McLeod [52] discusses Maslow’s approach by looking at

his hierarchy of needs that is usually illustrated as a pyramid, as shown in Figure 3.

Self-fulfillment
needs

Self-
actualization:
achieving one’s

full potential,
including creative
activities

Esteem needs:
prestige and feeling of accomplishment Psychological
needs
Belongingness and love needs:

intimate relationships, friends

Safety needs:

security, safety Basic

Physiological needs e
ys :
food, water, warmth, rest

Figure 3. Maslow's Hierarchy of Needs (Source: [52])
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McLeod [52] argues that negative events in meeting physiological needs such as losing a job or a

divorce can impact the journey to meeting people’s psychological needs.

Human needs are seen by Max-Neef et al. [53] as being ontological (stemming from the condition of
being human), are few, finite and classifiable (as distinct from the conventional notion of
conventional economic “wants” that are infinite and insatiable). They are also constant through all
human cultures and across historical time periods. What changes over time and between cultures are
the strategies by which these needs (and created desires) are satisfied. Human needs can be understood
as a system - i.e., they are interrelated and interactive. In this system, there is no hierarchy of needs
(apart from the basic need for subsistence or survival) as postulated by Western psychologists such
as Maslow. Rather, simultaneity, complementarity and trade-offs are features of the process of needs

satisfaction.

Doyal and Gough’s [54] theory of human need is also worth noting here. This is to do with social
participation as a process and outcome, and grounded in two fundamental or basic needs: the
autonomy of an individual and physical health. Further to this, their theory speaks of a number of
intermediate needs, namely food, clean water, economic security, protective housing, non-hazardous
work environment, healthcare, physical security, pre-natal security and childhood security. These in
turn are said to be linked to ‘universal satisfier characteristics’ applying across cultural contexts.
These universal satisfier characteristics, e.g. goods, activities, services, and relationships, are argued
to enhance the prospect of meeting intermediate needs. They differ from so-called ‘need satisfiers’

specific to time, place, and culture.
In essence then, the eco-city has to meet two needs. The first is physiological needs:-

A sustainable city must have clean water and air and access to secure high quality food supplies.
Good quality and affordable accommodation is also required. It is important that citizens feel that
their physical needs are met where there are physical places for leisure and interaction. This will
contribute to a sense of security. There is a need also for connectivity through transport and multi-

media communications systems along with a variety of sustainable livelihood options.
In short, a sustainable city has to meet our physical needs.
The second is psychological needs:-

Meeting human needs starts at birth where the relationship with parents is so important. Throughout
life relationships will be important and the sustainable city will need to devise ways of ensuring we

have a range of relationships that build a sense of belonging and togetherness. Underpinning this will
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be education and life-long learning as well as leisure time that will help people to express themselves

in different ways.

The challenge for the eco-city movement is to retrofit or redevelop cities that promote human well-
being. But as Monbiot [55] suggests, since the collapse of the Soviet Union the predominant economic
system is neoliberal market economics that has led to conspicuous consumption. The current
dominant economic paradigm requires that we produce more and more products (e.g., mobile phones)
and that we purchase new upgraded models in a relatively short time so that producers can keep

making phones. The reality is that we do not consume — we use, and then discard.

The Forthcoming Reality

Many governments appear to be committed to a low-carbon (emissions) future, in part by existing
domestic legislation or international agreements. Many governments are apparently committed to
addressing climate change and other environmental problems, including reducing poverty. But, there
is no real fundamental change. The rhetoric is focused on growth — neoliberalism is the driving force.
Neoliberalism sees competition as the defining characteristic of human relations. It redefines citizens
as consumers, whose democratic choices are best exercised by buying and selling, a process that
rewards merit and punishes inefficiency. It maintains that “the market” delivers benefits that could

never be achieved by planning [56].

There appears to be a contradiction about what many say at the national level (e.g., in the UK) about
sustainability and prevailing economic policy. So, what are the implications? Will a low-carbon

approach really boost sustainability? The following thematic case studies try to address this.

Energy

Energy is clearly important to society. There is extensive literature about the adverse impacts of fossil
fuel usage to produce energy. There is considerable interest in shifting to more renewable sources
such as photovoltaics, wind, nuclear and hydropower. One of the problems is the amount of subsidy
that is being given to the fossil industry as compared to the renewable sector. Kavanagh [57],
reporting on data from the International Energy Agency (IEA), states that the global subsidy bill for
fossil fuels stood at about $490bn in 2014. Subsidies to aid the deployment of renewable energy
technologies were $112bn in 2014, with another $23bn spent on supporting biofuels. So, while many

developed countries are increasing financial backing for the expansion of green energy supplies, total
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subsidy support for “dirty” fuels across the world still exceeded that for renewables by a considerable
margin in 2015/6. Coady et al. [58] calculated that subsidies for fossil fuels were US$ 4.9 trillion
worldwide in 2013, and US$5.3 trillion in 2015 (6.5% of global GDP in both years). They claim this
is because of the undercharging, e.g., of the costs of climate change. They calculated that eliminating
subsidies would have reduced global carbon emissions in 2013 by 21% and fossil fuel air pollution
deaths by 55%, while raising revenue by 4 percent and social welfare by 2.2 percent of global GDP.

The figures have been changing, but with fluctuations owing to economic and political election cycles
very notably in the USA (but not just there) — and also pressures of state/government public budgets
and some hedging from the private sector too (including major global energy companies). According
to Gunay et al. [59], a 2022 International Energy Agency report stated that up to 2030, more than
US$ 50 billion of public funds could be levied for pilot-projects of large-scale low-carbon energy
technologies in order to drive the green transition, but noted that it is not very clear how the public
energy R&D spending would evolve following the pressure on government budgets after the Covid-
19 pandemic. The report also argued that the private/corporate sector has a leading role in supporting

public policies concerning both clean energy and energy efficiency.

The International Energy Agency’s Global Energy Review 2025 [60], including the years 2022, 2023
and 2024 with world-aggregated data for total energy supply, electricity generation, technology
deployment and CO2 emissions, provides a rounded depiction of recent trends in the energy sector
with data on fuels, technologies, world regions and key countries, as well as associated CO;
emissions. In 2024, world-wide energy demand rose faster than before, across all energy sources such
as oil, natural gas, coal, renewables and nuclear power. This was principally down to the power
(electricity) sector, because of higher demand for cooling, rising consumption by industry,
electrification of transport as well as the growth of data centres and artificial intelligence. Almost all
of this extra demand was satisfied by low-carbon energy production, led by solar photovoltaic
production as well as other renewables and nuclear power. But gas demand rose also substantially, in
contrast to oil and coal. Overall for 2024, this meant an increase in energy-associated CO, emissions
— of which about half was caused by higher temperatures - but still less so than in 2023. The good
news according to the IEA [60] is that ‘the continued rapid adoption of clean energy technologies is
limiting emissions growth, according to new analysis — avoiding 2.6 billion tonnes of additional

CO; emissions per year.’

According to Cubitt [61], the amount of energy being used by the information and communication

technologies, which were seen as one of the drivers of a low-carbon economy [62], is rising rapidly.

There seems to be a contradiction between the need for low-carbon technology and the developments
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needed to achieve it, e.g., data centres. As a sector, these talk about ‘sustainable or responsible
procurement’, including from civilian nuclear power plants, which the European Commission in 2022
classified as ‘sustainable and ‘clean‘ and thus as ‘eligible green investment’ in its Sustainable Finance
Taxonomy for investment purposes alongside gas if certain conditions such as being fitted with
carbon capture, use and storage technology are met [63]. Yet data centres are likely to be the fastest
growing contributors to greenhouse emissions as their demand for electricity will increase leading to
further greenhouse gas emissions, as pointed out in a recent study published by the lobby-group
Beyond Fossil Fuels [64].

Organizations such as Google tend to site facilities close to hydroelectric dams (which does not
address concerns of water needed for cooling of major data centres) and more recently wind farms
and Apple builds biomass generators at their new sites. And most global ‘big data’ and internet search
companies have invested greatly in nuclear energy expansion in recent years. Worthy though this is,
Carr [65] argues that the main driver is energy costs — and also electricity availability arguably - as
opposed to sustainability in its own right. Private sector white papers are now emerging for ‘driving
data centres from environmental liability to sustainable powerhouse’, e.g. by Partington and Mark at
IQ-EQ [66], which emphasizes advanced energy procurement strategies, closed-loop cooling
systems, waste heat recovery, sustainable construction methods, etc. There is also a focus on

management, and the need for monitoring with comprehensive reporting.

Zie [67] argues that ‘the time has come to start focusing on reducing the energy consumption of digital
and the technological infrastructures, which underpin nearly all of our daily activities.” Zie thinks it
can be done, if matters are taken seriously and there is necessary investment. Ertugrul [68] makes the
case for the low-carbon transformation of the power grid through the scaled-up integration of

renewable energy, storage, and grid modernization.

This moral and practical engagement, collective action and (‘just’ / ‘fair’) transformation action
programme across sectors can also be stimulated at regional level, including in the historic heartlands
of the Industrial Revolution [69].

Semiconductors

Semiconductors are the basis of the electronics industry. Semiconductors are used to manufacture the
electronic components that are used in all sorts of devices such as personal computers and mobile
phones. Although the industry produces waste, many of its products become waste. There has been a

history of outsourcing and offshoring in the industry, often in very harsh conditions for the workforce.
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Despite efforts in the last 5 to 10 years to clean up atmospheric emissions, waste dumping and water
pollution there are historic emissions of perfluorinated chemicals that will persist in the atmosphere
for many thousands of years and have twenty thousand times more impact than carbon on the

greenhouse effect [70].

The latest and fourth (2024) UN’s fourth Global E-waste Monitor (a report by the International
Telecommunication Union and the United Nations Institute for Training and Research [71]) revealed
that the world's e-waste is in fact rising five-fold in comparison to documented recycling thereof. In
2022, less than a quarter of e-waste was reported to be properly collected and recycled — with ‘US$
62 billion worth of recoverable natural resources unaccounted for and increasing pollution risks to
communities worldwide’. Recycling of rare earth elements is stated to satisfy only 1% of the demand
for them. The trend is alarming: ‘A record 62 million tonnes (Mt) of e-waste was produced in 2022,
up 82% from 2010, and on track to rise another 32%, to 82 million tonnes, in 2030. Worldwide, the
annual generation of e-waste is rising by 2.6 million tonnes annually, on track to reach 82 million

tonnes by 2030, a further 33% increase from the 2022 figure.’

Cubitt [61] argues that many wastes of these semiconductor-producing plants are composed of
carcinogenic materials and others of unknown effects will persist in the vicinity of these plants for
many years. There is clear evidence that employees in these plants are contaminated. It is very likely
that female employees that have families will contaminate their children. Some 2,200 gallons of water
is needed to make the average integrated circuit. Some 1500 gallons of that has to be Ultrapure Water
(UPW). It takes 1,400 gallons of water to make 1000 gallons of UPW, and the US regards the removed
minerals as toxic waste. Much of the digital waste is disposed of illegally and much of it has yet to
enter the waste cycle. We have no idea what are the long impacts of many of these technologies.

On the other hand, there is little doubt that electronics have had a significant effect on industrial
development. The introduction of new electronic products has had a significant impact on society.
Many workers can now work from home, relying on advanced means of communication to speak
with and see people without the energy costs and financial costs of long-distance travel. There have
been improvements to manufacturing processes, and this is welcome. But, the massive growth of
demand for electronic products is likely to outstrip any gains made in improved environmental

performance of individual processes.
Electric Vehicles (EVs)

EVs are increasingly popular, and commentators such as Seba have stated that the internal combustion

engine (ICE) is likely to be obsolete by 2025 [72]. This has not happened yet, although in many
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countries pure ICE-powered road light-duty vehicles (cars and vans at least) are scheduled for
prohibition in terms of new registrations from either 2035 or 2040 or at least 2050. Various (often
financial) levels of incentives for (especially pure) EVs are in place and are now being modified and
extended in many jurisdictions. And the state-of-the-art in electric vehicles [73] is changing
continuously also — with the next level of developments likely to concern common standards for
charging, Vehicle-to-X (including Vehicle-to-Grid bidirectional charging) expansion across more
models and perhaps new EV battery technologies. But the major question is what can electrical
vehicles and electric batteries do for us in a more holistic sense?, e.g., EVs for energy services,
including with temporary stationary storage for energy services and also vehicle-to-building
bidirectional charging [74]. This needs multi-stakeholder business and societal models, with
acceptance and supporting regulation from both the public but crucially also from the private sector

(investment, insurance etc.) [75].

Hawkins et al. [76], assessing the environmental life cycles of both electric and conventional vehicles
over a decade ago, found out that EVs powered by the present European electricity mix offer a 10
percent to 24 percent decrease in global warming potential (GWP) relative to conventional diesel or
petrol vehicles assuming lifetimes of 150,000 km. But, they noted that EVs exhibit the potential for
significant increases in human toxicity, freshwater eco-toxicity, freshwater eutrophication, and metal
depletion impacts, largely emanating from the vehicle supply chain if the demand for EVS increases
rapidly. Hawkins et al. [76] pointed out that in regions where fossil fuels are the main sources of

power, electric cars/vehicles offer no benefits and may even cause more harm.

Magill [77] reported on a study undertaken, again over a decade ago, by the University of Minnesota
that the environmental and human health costs of operating an electric vehicle using electricity
generated from coal may be as much as 80 percent greater than driving a gasoline-powered vehicle.
But, the study showed that the environmental health cost of driving an electric vehicle using
electricity from solar or wind generators could be as much as 50 percent less than the environmental
and health toll of using gasoline. It is clear that EVs offer real environmental benefits, but it should

be noted that any innovations in transport may also have some adverse impacts.

The Union of Concerned Scientists has made this point for some time - but crucially noting also that
grid transformations regionally produce clear both net use and life-cycle environmental benefits for
EVs in regions turning away from coal and gas, and by adding solar and wind power, as an energy

source [78].
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Batteries

EVs rely on batteries for energy storage. Lithium is currently used in the manufacture of batteries
used in EVs. According to Wanger [79] about 75 percent of the global reserves of lithium are found
in the salt lakes of Uyuni in Bolivia, Atacama in Chile and Hombre Muerto in Argentina: the “lithium
triangle.” This desert expanse in the high Andes provides the raw material that moves the world of
information technology and communications. The salt lakes do not have much flora or fauna, but they
do provide a home for flamingos. Wanger points out that the flamingos feed on cyanobacteria - food
for the birds but lethal to human beings, animals and plants [80]. The impact of mining lithium is
devastating, particularly on water supplies. Although lakes exist despite low rainfall there is concern
that more mining will disrupt water supplies for people and agriculture. In addition, crops can be
affected by runoff saline solution from which the lithium salts are gathered. Traditionally, gathering
salt has been part of local livelihoods. This becomes impossible as the salt ponds are contaminated
by lithium mining [80-81].

Investing in alternative battery technologies is essential to achieving sustainability. Improving lithium
recycling is crucial for advancing sustainable practices. Developing more environment-friendly
mining methods is necessary to achieve sustainability goals. We must balance the benefits of lithium-

based technologies with their environmental costs [82].

There is also concern that regulation designed to minimize the adverse environmental impacts of
lithium mining will not be effectively enforced. None of the governments of the lithium triangle have
a good history of environmental regulation and there is evidence that poorly paid officials often take
bribes [81,83]. There are fears that in the long run lithium mining will make the area unfit for its
indigenous inhabitants. The demand for lithium is increasingly driven by the push for EVs. These
should solve the urban air quality issue (especially if fully battery electric), but their batteries are
causing environmental degradation in both their production and disposal. This will continue with
more ‘rare earth’ metal extraction — although this can be made more sustainable [84] - and also more

second-life use and recycling of end-of-life batteries should certainly occur [85-86].

There are 2 types of batteries used for electric and hybrid vehicles. Hybrid vehicles initially used
nickel-metal hydride batteries. EVs use lithium-ion batteries. EV batteries often contain other useful
metals such as high-grade copper and aluminium - in addition to depending on the active material,
metals such as cobalt and nickel as well as ‘rare’ earths. To prevent a future shortage of cobalt, nickel,
and lithium and to enable a sustainable life cycle of these technologies, recycling of lithium batteries

must be improved [87,88].
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In line with the objectives of the European Green Deal, the European Union (EU) has adopted
increasingly strict measures to ensure that the entire life cycle of batteries — from production to
recycling — is sustainable, efficient and compliant with the most advanced environmental standards.
To ensure a uniform and binding application of the new rules, the previous EU Directive 2006/66/EC
was replaced with European Regulation 2023/1542 [89-91]. Recycling electric car batteries includes
separating out the valuable materials, e.g. cobalt, lithium salts, stainless steel, copper, aluminium and
plastic. All these can be recycled. Cobalt, as a ‘conflict-associated’ metal in the Democratic Republic
of Congo, is also an ethical supply chain issue — though regulatory intervention is far from straight-

forward globally and also in-country [92-95].

When EVs started to become more popular, the price of elements such as lithium was still low and
supplies were plentiful. Re-use as storage capacity as a solution for dealing with batteries from EVs

is of course one option [96]. But stationary batteries may also be newly-produced.

According to Kuhnbach et al.’s Fraunhofer ISE & Fraunhofer ISI study [97], the wider introduction
of vehicle-to-grid (bidirectional) charging in both AC and DC connection modes, where EV batteries
are accessed for power to offset peaks on the power grid, may bring very substantial benefits e.g. for
Europe’s more integrated energy system in the decades to come. The AC-mode is less hard-ware
intensive and suitable for residential and slow charging, but the DC-mode is more expensive with
more hardware requirements and used mainly for fast charging, although it is currently leading in
both hardware and communication ISO protocols. Most new EV models focus on vehicle-to-load,
thus enabling vehicles to charge electric appliances and vehicle-to-home applications rather than
vehicle-to-grid (V2G). Furthermore, the availability of supporting infrastructure such as bidirectional
wallboxes for EV charging is still limited. However, Kiihnbach et al. [97] conclude, ‘despite
technical, regulatory and acceptance barriers, vehicle-to-X offers socio-technical-economic benefits
such as CO2 emission reductions, integration of renewable energy and grid relief. Compared to smart
charging alone, bidirectional charging offers additional advantages, such as decreasing the need for
backup capacity from gas and hydrogen power plants and lowering the use of power generation from
these sources. The opportunity to integrate PV capacity more effectively is seen as the biggest value
of the charging flexibility provided by electric cars, especially when they are connected during the

b

day.

In the longer term a technological development may offer an even better solution. Nickel metal

hydride batteries are not currently used in EVs. But, research by BASF suggests that the capacity of

these batteries could be considerably higher than that of lithium-ion batteries. Nickel metal hydride

batteries are considerably lighter than lithium-ion batteries which means that there will be a price
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advantage [98]. Sodium-ion batteries, currently with lower energy density than lithium-ion, are the

other promising alternative [99].

Concluding Thoughts

Cities have played a significant role in human development, with a significant impact on the
environment. Early cities demanded the invention of agriculture in order to feed growing populations.
The next major transformation was the Industrial Revolution. Cities demanded labour to operate the
increasingly complex industrial processes. Simultaneously cities demanded that we become
consumers. Today, we have become conspicuous consumers. Neoliberalism, the predominant
economic system, demands that we consume more and more products. In reality, we do not consume
products but discard them in order to get the latest version. This has distanced us from the sustaining

environment: our one home.

The Industrial Revolution has enclosed the commons of everyday skills. Databases and most
databanks have enclosed knowledge. In short, we have become divorced from the commons that we
all shared. The social change driven by the Industrial Revolution, and the rise of capitalism, has
moved into an era of passive consumption. The problem is that we live on a finite planet, and that
there are insufficient resources to meet the growing needs of our global population, if we retain the
same neoliberal approach. Capitalism is untroubled by seeing poverty in other parts of the world. We
have become separate from the environment we need — we should always remember that the
environment does not need us. The problem lies in the neoliberal economic system. It assumes that
trading is ‘perfectly informed’ and ‘rational’, and that there is an infinite amount of resources and
carbon / emissions / pollution sinks. Economics assumes markets can find solutions. But this is not
always the case. Now and in the future, adapting to the consequences of accelerated climate change
and increasing variability with more extreme weather events/periods will be a considerable, and for
poorer countries and regions a huge, challenge. Human societal climate adaptation urgently requires
rebuilding the resilience of communities in order to ensure that they can cope with climatic
disturbances. We can no longer separate risk and development. We need holistic and continuing
approaches to adapting to climate change [100].

The majority of the global human population now live in cities, and will do so in the future. The
solutions to the problems we face will have to be found in cities. History suggests that cities innovate.
The neoliberal market-based system is at the root of the problem. Political leaders must make a huge
effort to innovate in their adaptations to our reality. Perhaps a moral revolution is in order! We have
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had an Industrial Revolution. Perhaps it is time for an Economic Revolution (for human-wellbeing,
social and environmental reasons) as we may well be at the turn where we need protection from the
environment, rather than the environment from us. The demands we are making on nature by living
in cities have reached a crisis point and unless we make significant changes the prognosis is terminal
consumption. We need a radically new integrated global understanding of nature and cities. The
challenge of urban stewardship to tackle the climate emergency crisis needs to be at the very centre
of our thinking [101]. Climate Change is now key for Disaster Management [102]. Poverty and
community disaster risk reduction, both urban and rural, can be said to be in a ‘double bind’ [103].
Community participation in disaster risk reduction is critical [104]. And we should develop strategies
for building resilience for cultural heritage, too [105]. Locally, as much as nationally, we need to

produce equitable energy systems [106].

References

[1] Glaeser E, 2011, Triumph of the City (London: Macmillan), p. 6.

[2] Taylor, P. J., O’Brien, G., & O’Keefe, P., 2016, Eleven Antitheses on Cities and States:
Challenging the Mindscape of Chronology and Chorography in Anthropogenic Climate
Change. ACME: An International Journal for Critical Geographies 15(2), 393-417.
https://doi.org/10.14288/acme.v15i2.1287

[3] Ruddiman, W.F., 2003, The Anthropogenic Greenhouse Era Began Thousands of Years
Ago. Climatic Change 61, 261-293. https://doi.org/10.1023/B:CLIM.0000004577.17928.fa

[4]  Jacobs, J., 1969, The Economy of Cities (New York: Vintage), p. 35.

[5] Taylor P.J., 2013, Extraordinary Cities: Millennia of Moral Syndromes, World-Systems and
City/State Relations (Cheltenham: Edward Elgar), p. 99.

[6] Glaeser E, 2011, Triumph of the City (London: Macmillan), p. 7.

[7] Van Hoof J., Kazak J.K., Perek-Biatas J.M., Peek S.T.M., 2018, The Challenges of Urban
Ageing: Making Cities Age-Friendly in Europe. International Journal of Environmental
Research and Public Health 15(11), 2473. https://doi.org/10.3390/ijerph15112473

[8] Nevle R.J., Bird D.K., Ruddiman W.F., Stinchcomb G.E., 2011, Ecological-hydrological
effects of reduced biomass burning in the neotropics after A.D. 1500. Geological Society of
America Meeting 43, 399.

25


https://orcid.org/0000-0003-2741-5620
https://doi.org/10.14288/acme.v15i2.1287
https://doi.org/10.1023/B:CLIM.0000004577.17928.fa

O’Brien and Kotter Natural Built Social Environment Health 1(5) 2025: 4-34

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Powell D., 2011, Columbus’ arrival linked to carbon dioxide drop: Depopulation of
Americas may have cooled climate.  Science  News  180(10), 12.
https://doi.org/10.1002/scin.5591801012

Clement CR, Denevan WM, Heckenberger MJ, Junqueira AB, Neves EG, Teixeira WG,
Woods WI., 2015, The domestication of Amazonia before European conquest. Proceedings
of the Royal Society B 282: 20150813. https://doi.org/10.1098/rspb.2015.0813

Pearce, F., 2015, Myth of pristine Amazon rainforest busted as old cities reappear. New
Scientist, Proceedings of the Royal Society B.
https://www.newscientist.com/article/dn27945-myth-of-pristine-amazon-rainforest-busted-

as-old-cities-reappear/

Rafferty J.P., n.d.,The Rise of the Machines: Pros and Cons of the Industrial Revolution.

Britannica. Online at: https://www.britannica.com/story/the-rise-of-the-machines-pros-and-

cons-of-the-industrial-revolution

Weber M., 1905/2001, The Protestant Ethic and the Spirit of Capitalism [transl. by Talcott

Parsons] (London: Routledge Classics).

Collins, R., 1980, Weber’s Last Theory of Capitalism: A Systematization. American
Sociological Review 45(6), 925-942. https://doi.org/10.2307/2094910

Ormrod, D. (1984). RH Tawney and the Origins of Capitalism. History Workshop, 18, 138
159. http://www.jstor.org/stable/4288593

Novak M., 2010, How Christianity Created Capitalism. Religion & Liberty 10(3). Online at:

https://www.acton.org/pub/religion-liberty/volume-10-number-3/how-christianity-created-
capitalism

Collins R., 1986, Weberian Sociological Theory (Cambridge: Cambridge University Press),
356 p.

Ritchie H., Samborska V. & Roser M. 2018/2025, Urbanization: The world population is
moving to cities. Why is urbanization happening and what are the consequences? Our World

In Data. https://ourworldindata.org/urbanization

Rifkin J., 2011, The Third Industrial Revolution (London: Macmillan).

Schwab K., 2016, The Fourth Industrial Revolution (Geneva: World Economic Forum).

26


https://orcid.org/0000-0003-2741-5620
https://www.sciencenews.org/sn-magazine/november-5-2011
https://www.sciencenews.org/sn-magazine/november-5-2011
https://doi.org/10.1002/scin.5591801012
https://doi.org/10.1098/rspb.2015.0813
https://www.newscientist.com/article/dn27945-myth-of-pristine-amazon-rainforest-busted-as-old-cities-reappear/
https://www.newscientist.com/article/dn27945-myth-of-pristine-amazon-rainforest-busted-as-old-cities-reappear/
https://www.britannica.com/story/the-rise-of-the-machines-pros-and-cons-of-the-industrial-revolution
https://www.britannica.com/story/the-rise-of-the-machines-pros-and-cons-of-the-industrial-revolution
http://www.jstor.org/stable/4288593
https://www.acton.org/pub/religion-liberty/volume-10-number-3/how-christianity-created-capitalism
https://www.acton.org/pub/religion-liberty/volume-10-number-3/how-christianity-created-capitalism
https://ourworldindata.org/team/veronika-samborska
https://ourworldindata.org/urbanization

O’Brien and Kotter Natural Built Social Environment Health 1(5) 2025: 4-34

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Arrhenius, S. 1896, On the Influence of Carbonic Acid in the Air upon the Temperature of
the Earth. Publications of the Astronomical Society of the Pacific 41, 237-276.
https://doi.org/10.1080/14786449608620846

Rachel, R., 1962, Silent Spring (Boston MA: Houghton Mifflin).

Hynes P., 1989, Silent Spring: A feminist perspective. Environmental Impact Assessment
Review 9(1), 3-7. https://doi.org/10.1016/0195-9255(89)90015-2

Wood B. and Dubos R, 1972 / 1983, Only One Earth: The Care and Maintenance of a Small
Planet. An unofficial report to the United Nations Conference of the Human Environment,
Stockholm (Paris / New York: UNESCO / W.W. Norton and Company).

Satterthwaite D., 2006, Barbara Ward and the origins of sustainable development,
International Institute for Environment and Development (UK). Online at:
http://pubs.iied.org/pdfs/1150011ED.pdf

World Commission on Environment and Development, 1987, Our Common Future (Oxford:
Oxford University Press), p. 27.

United Nations, 1992, Agenda 21 (Rio de Janeiro: The United Nations Conference on
Environment and Development. UNCED). Online at:

https://sustainabledevelopment.un.org/outcomedocuments/agenda?2l

Hopwood W., Mellor M., O’Brien G., 2005, Sustainable Development: Mapping Different
Approaches. Sustainable Development 13(1), 38-52. https://doi.org/10.1002/sd.244

O’Brien G. and O’Keefe P., 2014, Managing Adaptation to Climate Risk: Beyond
Fragmented Responses (London: Routledge).

Meyer W.B., 2013, The Environmental Advantages of Cities (Cambridge MA: The MIT

Press).

UNEP and UN Habitat, undated, Greener Cities Partnership. Online at:
http://wuf7.unhabitat.org/Media/Default/PDF/Greener%20Cities_final%20(flyer).pdf

Parham S., 2013, Shaping sustainable urbanism: are garden cities the answer? Conference
paper for “Shaping Canberra: the lived experience of place, home and capital”. Humanities
Research Centre Conference Australian National University 17th September 2013. Online

at: http://uh-sustainable.co.uk/docs/Shaping sustainable urbanism.pdf

27


https://orcid.org/0000-0003-2741-5620
http://articles.adsabs.harvard.edu/full/1897PASP....9...14A/0000014.000.html
http://articles.adsabs.harvard.edu/full/1897PASP....9...14A/0000014.000.html
https://doi.org/10.1080/14786449608620846
about:blank
about:blank
http://pubs.iied.org/pdfs/11500IIED.pdf
https://sustainabledevelopment.un.org/outcomedocuments/agenda21
https://doi.org/10.1002/sd.244
http://wuf7.unhabitat.org/Media/Default/PDF/Greener%20Cities_final%20(flyer).pdf
http://uh-sustainable.co.uk/docs/Shaping_sustainable_urbanism.pdf

O’Brien and Kotter Natural Built Social Environment Health 1(5) 2025: 4-34

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Worldwatch Institute, 2017, The State of Consumption Today. Online at:
http://www.worldwatch.org/node/810

Register, R., 1987, Ecocity Berkeley: Building Cities for a Healthy Future (New York: North
Atlantic Books).

Joss S., 2015, Sustainable Cities: Governing for Urban Innovation (London: Palgrave

Macmillan).

Taylor P.J., O’Brien G. & O’Keefe P., 2015, Commentary: Human control of climate:
introducing  cities.  Environment and Planning A  47(5), 1023-1028.
https://doi.org/10.1177/0308518X15592297

Brooke J., 2014, Climate Change and the Course of Global History (Cambridge: Cambridge

University Press).

Shao J. and Min B., 2025, Sustainable development strategies for Smart Cities: Review and
development framework. Cities, 158, 105663 https://doi.org/10.1016/j.cities.2024.105663

O’Brien G., 2009, Vulnerability and Resilience in the European Energy System. Energy &
Environment 20(3), 399-410. https://doi.org/10.1260/095830509788066457

O’Keefe, P., Pearsall, N., and O’Brien, G., 2010. The Future of Energy Use. 2nd revised
edition. (London: Routledge).

Wheeler S.M. (Ed.), 2023, The Sustainable Urban Development Reader 4™ ed. (London:
Taylor & Francis). https://doi.org/10.4324/9781003288718

Lovelock J., 2009, The Vanishing of Gaia: A Final Warning (New York: Basic Books).
Brand S., 2010, Whole Earth Discipline (New York: Atlantic Books).

O’Brien G., 2017, The fall and rise of nuclear power in Britain: a history. International
Journal of Environmental Studies 74(2), 353-355.
https://doi.org/10.1080/00207233.2016.1269586

Giradet H., 1993, The Gaia Atlas of Cities: New Directions for Sustainable Urban (Taunton:
Gaia Books).

Foster S.R and laione C., 2022, Co-Cities: Innovative Transitions toward Just and Self-

Sustaining Communities (Cambridge MA: MIT Press).

Hopkins R., 2006, The Transition Handbook: From Oil Dependency to Local Resilience

(Bristol: Green Books).
28


https://orcid.org/0000-0003-2741-5620
http://www.worldwatch.org/node/810
https://doi.org/10.1016/j.cities.2024.105663
https://doi.org/10.4324/9781003288718
https://doi.org/10.1080/00207233.2016.1269586

O’Brien and Kotter Natural Built Social Environment Health 1(5) 2025: 4-34

[48]

[49]

[50]

[51]

[52]

[53]

[54]
[55]

[56]

[57]

[58]

[59]

[60]

Hopkins B., 2011, The Transition Companion: Making Your Community More Resilient in

Uncertain Times (Taunton: Transition Books).

Dodge R., Daly A., Huyton J., & Sanders L., 2012, The challenge of defining wellbeing.
International Journal of Wellbeing 2(3), 222-235. www.doi.org/10.5502/ijw.v2i3.4

Maslow A.H., 1962/1968/1999, Toward a Psychology of Being (Radford MA: Wilder
Publications).

Max-Neef M.A., 1992, From the Outside Looking In: Experiences in Barefoot Economics

(Oslo: Dag Hammarskjold Foundation).

McLeod S., 2016/2025, Maslow’s Hierarchy of Needs. Simply Psychology. Online at:
https://www.simplypsychology.org/maslow.html

Max-Neef M.A., Elizalde A., Hopenhayn M., with the cooperation of Herrera F., Zemelman
H., Jatoba J., Weinstein L., 1989, Human Scale Development: An Option for the Future.
Development Dialogue 1, 7-80.
https://www.commentcic.org.uk/sites/default/files/library/Max-

neef Human Scale development.pdf

Doyal L., Gough I., 1991, A Theory of Human Need (London: Red Globe Press).
Monbiot G., 2016, How Did We Get into This Mess? (London: Verso).

Monbiot G. and Hutchinson P., 2024, The Invisible Doctrine: The Secret History of
Neoliberalism (& How It Came to Control Your Life) (London: Allen Lane).

Kavanagh M., 2016, A world map of subsidies for renewable energy and fossil fuels.
Financial Times, July 26, 2016. Online at: https://www.ft.com/content/fb264f96-5088-
11e6-8172-e39ecd3b86fc?mhqg5j=e2

Coady D., Parry |- Sears L., Shang B., 2017, How Large Are Global Fossil Fuel Subsidies?
World Development, 91, pp. 11-27. https://doi.org/10.1016/j.worlddev.2016.10.004

Gunay S., Kurtishi-Kastrati S., Sraieb M.M., Rexhepi G., 2025, Energy sources and global
sustainability connectedness: Evidence from green and dirty energy. Sustainable Futures,
10, 101012. https://doi.org/10.1016/j.sftr.2025.101012

International Energy Agency, 2025, Global Energy Review 2025. IEA: Paris. Online at:

https://www.iea.org/reports/global-energy-review-2025

29


https://orcid.org/0000-0003-2741-5620
https://en.wikipedia.org/wiki/Dag_Hammarskj%C3%B6ld_Foundation
https://www.simplypsychology.org/maslow.html
https://www.commentcic.org.uk/sites/default/files/library/Max-neef_Human_Scale_development.pdf
https://www.commentcic.org.uk/sites/default/files/library/Max-neef_Human_Scale_development.pdf
https://www.ft.com/content/fb264f96-5088-11e6-8172-e39ecd3b86fc?mhq5j=e2
https://www.ft.com/content/fb264f96-5088-11e6-8172-e39ecd3b86fc?mhq5j=e2
http://www.sciencedirect.com/science/article/pii/S0305750X16304867
http://www.sciencedirect.com/science/article/pii/S0305750X16304867
http://www.sciencedirect.com/science/article/pii/S0305750X16304867
http://www.sciencedirect.com/science/journal/0305750X
http://www.sciencedirect.com/science/journal/0305750X/91/supp/C
https://doi.org/10.1016/j.worlddev.2016.10.004
https://doi.org/10.1016/j.sftr.2025.101012
https://www.iea.org/reports/global-energy-review-2025

O’Brien and Kotter Natural Built Social Environment Health 1(5) 2025: 4-34

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

Cubitt S., 2017, Finite Media: environmental implications of digital technologies (Durham
NC: Duke University Press).

Boccaletti G., Loffler M., Oppenheim J.M., 2008, How IT can cut carbon emissions.
McKinsey Quarterly, October. Online at:
http://www.kyotoclub.org/docs/mckinsey it otto.pdf

Han J., 2022, Nuclear and gas in the EU taxonomy: what this means for the energy mix of
tomorrow. Allianz Global Investors. Online at:

https://www.allianzgi.com/en/insights/outlook-and-commentary/nuclear-and-gas-in-the-eu-

faxonomy

Beyond Fossil Fuel, 2025, New data centres could undermine Europe’s energy transition,
eating into its emissions cuts, study finds. BFF: Berlin. Online at:

https://beyondfossilfuels.org/2025/02/10/new-data-centres-could-undermine-europes-

energy-transition-eating-into-its-emissions-
cuts/#:~:text=%5B1%5D%201t%20reveals%20that%20data,other%20sectors%200nt0%20
fossil%20fuels.

Carr N., 2009, The Big Switch: Rewiring the World, from Edison to Google (New York:
W.W. Norton).

Partington J. and Mark T., IQ-EQ, 2025, Driving data centres from environmental liability

to sustainable powerhouse — a new whitepaper. Online at: https://igeq.com/insights/driving-

data-centres-from-environmental-liability-to-sustainable-powerhouse-a-new-whitepaper/

Zie E., 2023, Decarbonise Digital: Facts. Methods. Action (Luxembourg: Physical Products
/ Kindle Direct Publishing).

Ertugrul N., 2025, Reinventing the Power Grid. Renewable Energy, Storage, and Grid
Modernization (Boca Raton FL: CRC Press).

Stark P, OBE, 2019/2020, North East England and the Climate Crisis. From Cause to Effect
(Newcastle upon Tyne: \onne). Online at:
https://www.vonne.orqg.uk/sites/default/files/210115FromCausetoEffectFinal.pdf

Baldé C.P., Wang F., Kuehr R., Huisman J., 2015, The global e-waste monitor — 2014 (Bonn:
United Nations University, IAS — SCYCLE). Online at: https://i.unu.edu/media/ias.unu.edu-
en/news/7916/Global-E-waste-Monitor-2014-small.pdf

30


https://orcid.org/0000-0003-2741-5620
http://www.kyotoclub.org/docs/mckinsey_it_otto.pdf
https://www.allianzgi.com/en/insights/outlook-and-commentary/nuclear-and-gas-in-the-eu-taxonomy
https://www.allianzgi.com/en/insights/outlook-and-commentary/nuclear-and-gas-in-the-eu-taxonomy
https://beyondfossilfuels.org/2025/02/10/new-data-centres-could-undermine-europes-energy-transition-eating-into-its-emissions-cuts/#:~:text=%5B1%5D%20It%20reveals%20that%20data,other%20sectors%20onto%20fossil%20fuels
https://beyondfossilfuels.org/2025/02/10/new-data-centres-could-undermine-europes-energy-transition-eating-into-its-emissions-cuts/#:~:text=%5B1%5D%20It%20reveals%20that%20data,other%20sectors%20onto%20fossil%20fuels
https://beyondfossilfuels.org/2025/02/10/new-data-centres-could-undermine-europes-energy-transition-eating-into-its-emissions-cuts/#:~:text=%5B1%5D%20It%20reveals%20that%20data,other%20sectors%20onto%20fossil%20fuels
https://beyondfossilfuels.org/2025/02/10/new-data-centres-could-undermine-europes-energy-transition-eating-into-its-emissions-cuts/#:~:text=%5B1%5D%20It%20reveals%20that%20data,other%20sectors%20onto%20fossil%20fuels
https://iqeq.com/insights/driving-data-centres-from-environmental-liability-to-sustainable-powerhouse-a-new-whitepaper/
https://iqeq.com/insights/driving-data-centres-from-environmental-liability-to-sustainable-powerhouse-a-new-whitepaper/
https://www.vonne.org.uk/sites/default/files/210115FromCausetoEffectFinal.pdf
https://i.unu.edu/media/ias.unu.edu-en/news/7916/Global-E-waste-Monitor-2014-small.pdf
https://i.unu.edu/media/ias.unu.edu-en/news/7916/Global-E-waste-Monitor-2014-small.pdf

O’Brien and Kotter Natural Built Social Environment Health 1(5) 2025: 4-34

[71]

[72]

[73]

[74]

[75]

[76]

[77]

Baldé C.P, Kuehr R, Yamamoto T, McDonald R, D’Angelo E., Althaf S., Bel G., Deubzer
0., Fernandez-Cubillo E., Forti V., Gray V., Herat S., Honda S., lattoni G., Khetriwal D.S.,
di Cortemiglia V.L., Lobuntsova Y., Nnorom 1., Pralat N., Wagner M., 2024, Global E-waste
Monitor 2024 (Geneva / Bonn: International Telecommunication Union (ITU) and United
Nations Institute for Training and Research). Online at: https://ewastemonitor.info/the-

global-e-waste-monitor-2024/

Seba, T., 2014. Clean Disruption of Energy and Transportation: How Silicon Valley Will
Make Oil, Nuclear, Natural Gas, Coal, Electric Utilities and Conventional Cars Obsolete by
2030. (California: Clean Planet Ventures). Available at:
https://books.google.co.ma/books?id=xRAIMBAAAQBAJ

Putrus G., Kotter R., Wang Y., Das R., Bentley E., Dai X., O’Brien G., Heller R., Prateek
R., Gough R., Herteleer B., 2020, State-of-the-Art Assessment of Smart Charging and
Vehicle 2 Grid services (Viborg: EU Interreg North Sea Region Secretariat). Online at:
https://researchportal.northumbria.ac.uk/admin/files/31453652/State_of the Art Assessm

ent of Smart Charging and V2G services.pdf

van Bergen E., van der Hoogt J., 2020, Kotter R., Bentley E., Warmerdam J., Rimmer C.,
Herteleer B., 2020, Vehicle 4 Energy Services (V4ES) Evaluation for Upscaling and
Transnational Potential (Viborg: EU Interreg North Sea Region Secretariat). Online at:
https://researchportal.northumbria.ac.uk/admin/files/33039838/Final_Report V4ES Evalu

ation for Upscaling and Transnational potential.pdf

Kotter R., Herteleer B., Asanova S., van den Hoed R., Dong Y., Putrus G., O’Brien G.,
Jablonska B., 2020, SEEV4-City Policy Recommendations and Roadmap:
Recommendations towards integration of transport, urban planning and energy (Viborg: EU
Interreg North Sea Region Secretariat). Online at:
https://researchportal.northumbria.ac.uk/admin/files/31971098/SEEV4_City Policy Reco

mmendations and Roadmap 1.pdf

Hawkins T.R., Gausen O.M. & Strgmman A.H., 2012, Environmental impacts of hybrid and
electric vehicles - a review. International Journal of Life Cycle Assessment 17: 997-1014.
https://doi.org/10.1007/s11367-012-0440-9

Magill, B., 2014, Electric Cars a Mixed Bag for Health, Climate, Climate Central. Online at:

http://www.climatecentral.org/news/electric-cars-mixed-bag-for-climate-18447

31


https://orcid.org/0000-0003-2741-5620
https://ewastemonitor.info/the-global-e-waste-monitor-2024/
https://ewastemonitor.info/the-global-e-waste-monitor-2024/
https://books.google.co.ma/books?id=xRdMBAAAQBAJ
https://researchportal.northumbria.ac.uk/admin/files/31453652/State_of_the_Art_Assessment_of_Smart_Charging_and_V2G_services.pdf
https://researchportal.northumbria.ac.uk/admin/files/31453652/State_of_the_Art_Assessment_of_Smart_Charging_and_V2G_services.pdf
https://researchportal.northumbria.ac.uk/admin/files/33039838/Final_Report_V4ES_Evaluation_for_Upscaling_and_Transnational_potential.pdf
https://researchportal.northumbria.ac.uk/admin/files/33039838/Final_Report_V4ES_Evaluation_for_Upscaling_and_Transnational_potential.pdf
https://researchportal.northumbria.ac.uk/admin/files/31971098/SEEV4_City_Policy_Recommendations_and_Roadmap_1.pdf
https://researchportal.northumbria.ac.uk/admin/files/31971098/SEEV4_City_Policy_Recommendations_and_Roadmap_1.pdf
https://doi.org/10.1007/s11367-012-0440-9
http://www.climatecentral.org/news/electric-cars-mixed-bag-for-climate-18447

O’Brien and Kotter Natural Built Social Environment Health 1(5) 2025: 4-34

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

Reichmuth D., 2025, Electric Vehicles Help Combat Climate Change, Here’s Why.
(Cambridge MA: Union of Concerned Scientists). Online at: https://blog.ucs.org/dave-

reichmuth/electric-vehicles-help-combat-climate-change-heres-why/

Wanger T.C., 2011, The Lithium Future — Resources, Recycling and the Environment.
Conservation Letters 4(3), 1-5. https://doi.org/10.1111/].1755-263X.2011.00166.x

Tahill W., 2007, The Trouble with Lithium: Implications of Future PHEV Production for
Lithium Demand (Martainville: Meridian International Research). Online at:

www.evworld.com/libraray/lithium shortage.pdf

Hollender R. and Schultz J., 2010, Bolivia and Its Lithium: Can the “Gold of the 21°%
Century“ Help Lift a Nation out of Poverty? (Cochabamda: Democracy Center).

Ukpanah 1., 2024, Is Lithium Mining Bad for the Environment (Greenwatch). Online at:

https://www.greenmatch.co.uk/blog/is-lithium-mining-bad-for-the-environment

Ribera M.O., Requena C., 2011. Bolivia’s lithium: Opportunities and challenges. In:
Transparency International (Ed.), Global Corruption Report: Climate Change. (London:
Earthscan), 400p., 207-210. https://doi.org/10.4324/9781315870274

Filho W.L.; Kotter R.; Ozuyar P.G.; Abubakar I.R.; Eustachio J.H.P.P.; Matandirotya N.R.,
2023, Understanding Rare Earth Elements as Critical Raw Materials. Sustainability 15,
1919. https://doi.org/10.3390/su15031919

Mancha A., 2016, A look at some international lithium-ion battery recycling initiatives.
Journal of Undergraduate Research 9, 1-5.
https://scholar.archive.org/work/t3f4dkewcjg2rboe7eitazi4zy/access/wayback/http://journal
s.uic.edu/ojs/index.php/JUR/article/download/7546/6038

Zhu J., Mathews I., Ren D., Li W., Cogswell D., Xing B., Sedlatschek T., Nithin S.,
Kantareddy R, Yi M, Gao T, Xia Y., Zhou Q., Wierzbicki, Bazant, M.Z., 2021, End-of-life
or second-life options for retired electric vehicle batteries. Cell Reports Physical Science
2(8), 100537. https://doi.org/10.1016/j.xcrp.2021.100537

Kumar A., 2011, The Lithium Battery Recycling Challenge. Waste Management World.

Online at: https://waste-managment-world.com/a/1-the-lithium-battery-recycling-challenge

Taylor P., 2009, When an electric car dies, what will happen to the battery? Scientific

American. Online at: https://www.scientificamerican.com/article/lithium-ion-batteries-

hybrid-electric-vehicle-recycling/

32


https://orcid.org/0000-0003-2741-5620
https://blog.ucs.org/dave-reichmuth/electric-vehicles-help-combat-climate-change-heres-why/
https://blog.ucs.org/dave-reichmuth/electric-vehicles-help-combat-climate-change-heres-why/
https://doi.org/10.1111/j.1755-263X.2011.00166.x
http://www.evworld.com/libraray/lithium_shortage.pdf
https://www.greenmatch.co.uk/blog/is-lithium-mining-bad-for-the-environment
https://doi.org/10.4324/9781315870274
https://doi.org/10.3390/su15031919
https://scholar.archive.org/work/t3f4dkewcjg2rboe7eitazi4zy/access/wayback/http:/journals.uic.edu/ojs/index.php/JUR/article/download/7546/6038
https://scholar.archive.org/work/t3f4dkewcjg2rboe7eitazi4zy/access/wayback/http:/journals.uic.edu/ojs/index.php/JUR/article/download/7546/6038
https://doi.org/10.1016/j.xcrp.2021.100537
https://waste-managment-world.com/a/1-the-lithium-battery-recycling-challenge
https://www.scientificamerican.com/article/lithium-ion-batteries-hybrid-electric-vehicle-recycling/
https://www.scientificamerican.com/article/lithium-ion-batteries-hybrid-electric-vehicle-recycling/

O’Brien and Kotter Natural Built Social Environment Health 1(5) 2025: 4-34

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

DriveElectric, 2022, What happens when electric car batteries die? Online at:
https://www.drive-electric.co.uk/quides/general/what-happens-when-electric-car-batteries-
die/

EBRA, no date (Brussels: European Battery Recycling Association). Online at:
http://www.ebra-recycling.org/

Flash Battery, 2025, From production to recycling: a comprehensive guide to the new
European Battery Regulation 2023/1542. Online at:

https://www.flashbattery.tech/en/blog/eu-battery-requlation-obligations-updates/

Prause L., 2020, Conflicts related to resources: The case of cobalt mining in the Democratic
Republic of Congo. In: Bleicher A. and Pehlken A. (eds), The Material Basis of Energy
Transitions  (Amsterdam: Elsevier), pp. 153-167. https://doi.org/10.1016/B978-0-12-
819534-5.00010-6

Honke J. and Skender L, 2022, Cobalt as ‘conflict mineral’? On the opportunities and limits
of new supply chain laws. INFRAGLOB 20/12/2022.  Online at:
https://infraglob.eu/2022/12/20/cobalt-as-conflict-mineral-on-the-opportunities-and-limits-

of-new-supply-chain-laws/

Calvédo F., Mcdonald C.E.A., Bolay B., 2021, Cobalt mining and the corporate outsourcing
of responsibility in the Democratic Republic of Congo. The Extractive Industries and Society
8(4), 100884. https://doi.org/10.1016/j.exis.2021.02.004

Umpula E, Dummett M., 2024, The Blood Cobalt Narrative: Addressing Human Rights
Concerns or Scaremongering? Business and Human Rights Journal 9(2), 308-314.
https://doi.org/10.1017/bhj.2024.4

Chauhan R., Santran R., Obrecht M., Rhythm Singh R., 2024, Energy storage potential of
used electric vehicle batteries for supporting renewable energy generation in India. Energy
for Sustainable Development 81, 101513. https://doi.org/10.1016/j.esd.2024.101513

Kihnbach M., Klobasa M.; Stephan A, Lux B., Frank F., Surmann A., Kahler J., Biener W.,
Kamaci Z., John R., 2024, Potential of a full EV-power-system-integration in Europe and
how to realise it. Study on behalf of Transport & Environment (T&E) Europe (Freiburg /
Karlsruhe: Fraunhofer Institute for Solar Energy Systems, ISE / Fraunhofer Institute for

Systems and Innovation Research, ISI), p. 6. Online at:

33


https://orcid.org/0000-0003-2741-5620
https://www.drive-electric.co.uk/guides/general/what-happens-when-electric-car-batteries-die/
https://www.drive-electric.co.uk/guides/general/what-happens-when-electric-car-batteries-die/
http://www.ebra-recycling.org/
https://www.flashbattery.tech/en/blog/eu-battery-regulation-obligations-updates/
https://www.sciencedirect.com/book/9780128195345/the-material-basis-of-energy-transitions
https://www.sciencedirect.com/book/9780128195345/the-material-basis-of-energy-transitions
https://doi.org/10.1016/B978-0-12-819534-5.00010-6
https://doi.org/10.1016/B978-0-12-819534-5.00010-6
https://infraglob.eu/2022/12/20/cobalt-as-conflict-mineral-on-the-opportunities-and-limits-of-new-supply-chain-laws/
https://infraglob.eu/2022/12/20/cobalt-as-conflict-mineral-on-the-opportunities-and-limits-of-new-supply-chain-laws/
https://doi.org/10.1016/j.exis.2021.02.004
https://doi.org/10.1017/bhj.2024.4
https://www.sciencedirect.com/journal/energy-for-sustainable-development
https://www.sciencedirect.com/journal/energy-for-sustainable-development
https://www.sciencedirect.com/journal/energy-for-sustainable-development/vol/81/suppl/C
https://www.sciencedirect.com/journal/energy-for-sustainable-development/vol/81/suppl/C
https://doi.org/10.1016/j.esd.2024.101513

O’Brien and Kotter Natural Built Social Environment Health 1(5) 2025: 4-34

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

https://www.transportenvironment.org/uploads/files/2024 10 Study V2G EU-
Potential Final.pdf

Bullis K., 2015, Old Battery Type gets an Energy Boost. MIT Technology Review. Online
at: https://www.technologyreview.com/s/535251/old-battery-type-gets-an-energy-boost/

Koloch, J. Schneider J., Seidenfus M., Lienkamp M., 2025, Beyond lithium: A
comprehensive use-case-analysis of sodium-ion-battery technology in battery electric
vehicles. e-Prime — Advances in Electrical Engineering. Electronics and Energy 12, 100995.
https://doi.org/10.1016/j.prime.2025.100995

O’Brien, G., Devissher T., O’Keefe P., 2011, The Adaptation Continuum: Groundwork for
the Future (Saarbriicken: Lambert Academic).

Taylor P.J., O’Brien G., O’Keefe P., 2020, Cities Demanding the Earth: A New

Understanding of the Climate Emergency (Bristol: Bristol University Press).

O’Brien G., O’Keefe P. Rose J, Wisner B., 2006, Climate Change and
Disaster Management. Disasters 30(1), 64-80. https://doi.org/10.1111/].1467-
9523.2006.00307.x

Ferdinand I., O’Brien G., O’Keefe P., Jayawickrama J., 2012, The double bind of poverty
and community disaster risk reduction: A case study from the Caribbean. International
Journal of Disaster Risk Reduction 2, 84-94. https://doi.org/10.1016/j.ijdrr.2012.09.003

Ruhizal Roosli Nordin J and O’Brien G., 2018, The Evaluation of Community Participation
in Post-Disaster Housing Reconstruction Projects in Malaysia. Procedia Engineering 212,
667—674. https://doi.org/10.1016/j.proeng.2018.01.086

O’Brien G. O’Keefe P. Jayawickrama J. Jigyasu R., 2015, Developing a Model for
Building Resilience to Climate Risks for Cultural Heritage. Journal of Cultural Heritage
Management and Sustainable Development 5(2), 99-114. https://doi.org/10.1108/JCHMSD-
06-2013-0021

O'Brien G. and Hope A., 2010, Localism and energy: Negotiating approaches to embedding
resilience  in  energy systems. Energy Policy 38(12), 7550-  7558.
https://doi.org/10.1016/j.enpol.2010.03.033

34


https://orcid.org/0000-0003-2741-5620
https://www.transportenvironment.org/uploads/files/2024_10_Study_V2G_EU-Potential_Final.pdf
https://www.transportenvironment.org/uploads/files/2024_10_Study_V2G_EU-Potential_Final.pdf
https://www.technologyreview.com/s/535251/old-battery-type-gets-an-energy-boost/
https://doi.org/10.1016/j.prime.2025.100995
https://doi.org/10.1111/j.1467-9523.2006.00307.x
https://doi.org/10.1111/j.1467-9523.2006.00307.x
https://doi.org/10.1016/j.ijdrr.2012.09.003
https://doi.org/10.1016/j.proeng.2018.01.086
https://doi.org/10.1108/JCHMSD-06-2013-0021
https://doi.org/10.1108/JCHMSD-06-2013-0021
https://doi.org/10.1016/j.enpol.2010.03.033

