Chapter 18

Vision of Cities: From the Green City
to the Smart City
Ingrid Kaltenegger and Helen Santiago Fink

Cities are complex, adaptive, social–ecological systems (SES)1 “characterized by a
particular human settlement pattern that associates with its functional or administrative region, a critical mass and density of people, man-made structures and activities” (UNEP 2011).
Cities house 60 % of the world’s population and individuals spend 80–90 % of
their time in buildings of one type or another. In contrary to common belief, urban
systems can be more sustainable than rural or suburban areas. When a city is dense,
people and resources are close to each other, and energy can be saved when ways
are short. Densely populated cities can also be a source of innovation when human
capital is concentrated on a relatively small area.
Through integrated planning, creative design, and innovative technologies, our
built environments can reinforce the human–nature nexus to create smarter holistic
communities that reinforce urban resiliency through addressing environmental and
socioeconomic urban needs. Smart buildings can contribute to this aim by offering
their surface areas for natural vegetation in support of heat and storm water mitigation, local food production, as well as energy conservation and deﬁne the sustainable cities of the present and future.
There have been several attempts to capture a “comprehensive and transferable
model of sustainable urban development”2 represented by terms like eco-cities and
smart cities, yet there is no consensus as to what exactly these concepts mean and
what criteria is necessary for classiﬁcation. International cooperation is underway
under the auspices of the French Standards Agency (AFNOR) with strong involvement from China to deﬁne smart communities with an inclination toward holistic
environments that go beyond technological instrumentation to more fully address
ecological and socioeconomic urban issues. But let us have a look at some deﬁnitions that are around for some years.
1
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The term “eco-city” was coined by Richard Register3 for the ﬁrst time in 1987.
Originally described as “an urban environment system in which input (of resources)
and output (of waste) are minimized” (Register 1987), there is still no one accepted
deﬁnition or standard for an eco-city. The term is rather regarded as an “umbrella
concept,” or a collection of ideas of how to create more sustainable urban areas.4
Nevertheless, there have been several attempts to deﬁne a set of normative
criteria for eco-cities: Kenworthy in 2006 identiﬁed 10 eco-city dimensions, which
emphasize:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

A compact, mixed-use urban form
Public transit and non-motorized modes of transportation
A natural environment that is intact and helps sustain the city’s food needs
The use of environmental technologies for resource and energy efﬁciency
Public culture
Community
Equity
A good governance
Economic performance and employment maximized by innovation
Creativity and uniqueness of the local environment

Examples for leading eco-cities in the world are Curitiba (Brazil), Freiburg
(Germany), Stockholm (Sweden), and Adelaide (Australia) (Figs. 18.1 and 18.2).
As a synonym to eco-city, the term sustainable city is used. Also for a sustainable city, there is no completely agreed upon deﬁnition or on components that
should be part of such a deﬁnition, but in general experts agree that a sustainable
city should be linked to sustainability such that “a sustainable city should meet the
needs of the present without sacriﬁcing the ability of future generations to meet
their own needs.” This leaves a great variety and many possibilities for cities to
ﬁnd their very own way to become sustainable. According to the term sustainability, an ideal sustainable city is able to create an enduring way or life across the four
dimensions: ecology, economy, politics, and culture.5 Claiming to be sustainable, a
city should at least be able to feed its citizens from the surrounding countryside,
power itself from renewable energy sources, produce lowest pollution possible,
efﬁciently use land, compost used materials and recycle them, or produce energy
out of waste.
Three cities (of some more) across the globe are leading in all those actions
mentioned above.

3

Register: Ecocity Berkeley: Building Cities for a Healthy Future (1987).
Rapaport (2014), Jabareen (2006).
5
James, Paul; with Magee, Liam; Scerri, Andy; Steger, Manfred B (2015). Urban Sustainability in
Theory and Practice: Circles of Sustainability. London: Routledge.
4

18.1

Vancouver, Canada
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Fig.18.1 Eco-cityAdelaide/Australia(Source:http://www.travelblat.com/adelaide-is-the-ecocitizen’scity/)

18.1

Vancouver, Canada

Vancouver, already being on top in worldwide “livable city” rankings, has an ambitious goal of becoming the “greenest city in the world” by 2020.6 Therefore, the city
has developed a Greenest City Action Plan 2020.7 The city gets already 90 % of its
supply out of hydroelectric power but is also exploring wind, solar, and tidal as
resources for power.
Vancouver also has the lowest carbon emission per capita8 on the continent,
thanks to mass transit, bike lanes (approx. 250 miles), ride-sharing programs, and
greenways. In their action plan, an emission decrease of an additional 33 % is
envisaged, while also enacting strict green building codes (all new buildings
constructed from 2020 onward have to be carbon neutral in operations) and reduce
the energy user and greenhouse gas emissions in existing buildings by 20 % over
2007 levels.

6

http://vancouver.ca/green-vancouver.aspx.
http://vancouver.ca/ﬁles/cov/Greenest-city-action-plan.pdf.
8
http://vancouver.ca/green-vancouver.aspx.
7
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Fig. 18.2 Eco-city Freiburg/Germany (Source:http://www.reisefuehrer-deutschland.de/badenwuerttemberg/schwarzwald/freiburg/wandern-und-radfahren.htm)

The green mobility tasks are to make the majority (over 50 %) of the trips by
foot, bicycle, and public transport and to reduce the average distance driven by the
residents by 20 % from 2007 levels.
Overall, the goal of Vancouver is to reduce the city’s ecological footprint by
33 % over 2006 levels (Fig. 18.3).

18.2

San Francisco, USA

One of the most densely populated metropolitan areas in the United States and a
green city is San Francisco. San Francisco recently won the waste management
category at the inaugural C40 and Siemens City Climate Leadership Awards,
following a Zero Waste Program with the aim to achieve zero waste, or sending
nothing to the landﬁll or incineration, by the year 2020.9

9

http://sfenvironment.org/zero-waste/overview/zero-waste-by-2020.

18.2

San Francisco, USA
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Fig. 18.3 Greenest City
2020 Action Plan,
Vancouver (Source: http://
vancouver.ca/greenest-city2020-action-plan.aspx)

San Francisco is considered the electrical vehicle capital of the United States10
with over 160 public charging stations and plans to install an additional 2750.11 In
April 2015, the city unveiled three installations of an off-the-grid solar-powered
charging station, allowing electric vehicle owners to pull up and charge for free in a
demonstration project (Fig. 18.4).12
Buildings shape the urban environment of San Francisco and much of the community’s environmental impact. San Francisco is implementing a groundbreaking,
comprehensive suite of policy initiatives and incentive programs to improve the
performance of new and existing buildings. San Francisco has more than 497
LEED-certiﬁed green building projects.13

10

http://sfenvironment.org/news?topic=details&ni=749.
http://sfenvironment.org/news?topic=details&ni=749.
12
http://www.cnet.com/news/san-francisco-introduces-free-solar-powered-electric-vehiclecharging/.
13
http://sfenvironment.org/news?topic=details&ni=749.
11
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Fig. 18.4 Easy-to-use three bin system in San Francisco (Source: http://www.c40.org/blog_posts/
expert-voices-melanie-nutter-director-of-san-francisco-department-of-the-environment)

18.3

Oslo, Norway

The city of Oslo currently holds the record for the European continent’s smallest per
capita carbon footprint, around 2.3 tons of CO2 equivalent per person in 2009. One
of the reasons for this is the large proportion of hydropower in the energy supply.
The city aims to cut carbon emissions by 50 % by 2030—Norway as a whole plans
to be carbon neutral by 2050.14
The city of Oslo works to engage all of its 43,000 employees through ecocertiﬁcation of all workplaces, departments, companies, schools, kindergartens, and
other units. Over 350 municipal units and over 250 businesses in Oslo are already
eco-certiﬁed. The eco-certiﬁcation systems in use are ISO14001 for large departments and companies and the Norwegian Eco-Lighthouse for small- and mediumsized units/businesses (Fig. 18.5).15
Other examples of sustainable practices are intelligent lighting that adjusts intensity depending on trafﬁc conditions and weather, bio-methane from waste to power
mass transit and heating, and a good car- and bike-sharing program.16

14

http://www.climateactionprogramme.org/climate-leader-papers/urban_ecology_in_oslo.
http://www.iclei-europe.org/ﬁleadmin/templates/iclei-europe/ﬁles/content/Membership/MUTS/
Oslo/Oslo_brochure.PDF.
16
http://www.ecomagination.com/top-ﬁve-most-sustainable-cities-in-the-world.
15

18.3

Oslo, Norway
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Fig. 18.5 Oslo, Norway (Source: http://www.climateactionprogramme.org/climate-leaderpapers/urban_ecology_in_oslo)

Another often-used term is “smart city.” Smart cities are characterized as cities
that use innovation solutions mainly linked to the investment in technology to
address burgeoning municipal problems. The term “smart” is usually a shorthand
reference to public or private investment in information communication technology
(ICT) or “smart” industry and other industries implying ICT in their production
processes.
Examples of smart city investments include retroﬁtting of building stock, smart
energy grids and broadband access, electric vehicle charging infrastructure, installation of heat networks, on-site renewable energy generation and involvement in
more general adaptation and mitigation.17
It should be acknowledged that “smart” cities do not only imply technological
investment or engagement in municipal spaces; rather, the term can also imply innovation and the improvement of cities’ spaces in other “soft” industry areas. For
example, the European smart city model considers a “smart city” to be a city which
performs well in six distinct categories: smart economy, smart mobility, smart environment, smart people, smart living, and smart governance (Rudolf 2007).
The precedence of economic considerations is often cited as a reason for the
limited success and impact of projects as well as the more recent emphasis on large
top-down ﬂagship sustainable urban development projects instead of the bottom-up
initiatives that characterizes many of the early developments. The challenges facing
17

Ogorkiewicz and Falconer (2013).
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the implementation of sustainable cities highlight the need for a new approach, a
shift in mindset, which recognizes that there may be signiﬁcant tradeoffs among—
and within—environmental, social, and economic goals, making the assessment
and decision-making process more complex. Research that focuses on the experience and decision making of stakeholders when confronted with these complexities
would reﬂect the realities facing local actors and enhance the transferability of
solutions.
Numerous cities are actively pursuing a smart city strategy, one of them being
Amsterdam. The city of Amsterdam started their initiative “Amsterdam Smart City”
in 2009 and currently includes more than 70 projects, which are collaboratively
developed by local residents, government, and businesses.
Another term was deﬁned within the POCACITO project (Post-Carbon Cities of
Tomorrow—EU FP 7), the post carbon city: The concept of “post-carbon cities”
signiﬁes a rupture in the carbon-dependent urban system, which has led to high levels of anthropogenic greenhouse gases, and the establishment of new types of cities
that are low-carbon as well as environmentally, socially and economically sustainable.
The term post-carbon emphasizes the process of transformation, a shift in paradigm,
which is necessary to respond to the multiple challenges of climate change, ecosystem degradation, social equity and economic pressures. Through their adaptive
capacity, post-carbon cities use the threat of climate change as an opportunity to
reduce vulnerability as they restructure human–ecological and human–human relationships toward ecosystem health and a clean energy economy.18
The biophilic city is another term more recently coined by University of Virginia
Professor Timothy Beatley that attempts to frame urban spaces in relation to their
natural environments with a view toward holistically addressing current global
trends. Biophilic cities are more than administrative jurisdictions with lots of greenery and natural spaces but also communities that contain governance structures,
educational facilities, vested private sector, and committed civil society to communicating, investing, and connecting nature to all aspects of the urban fabric and local
quality of life (see Fig. 18.6 and 18.7). They are also cities where concepts such as
sustainable consumption and production and circular economy are understood and
practiced, and local resources, including water, energy, waste, land, and food, are
efﬁciently sourced and repurposed. Moreover, its inhabitants have a heightened
sense of environmental consciousness that deﬁnes their behaviors, lifestyles, and
political afﬁliations.
Why is it that technology has already achieved that coveted place connected to
our bodies and minds and that which is our architect and benefactor—nature—has
yet to be (fully) ingrained in our lives?
Biophilic cities present a fascinating opportunity to foster this nature–human
nexus and exploit the marvels of technology to broadcast the multifaceted beneﬁts
of nature. Analogous to the ﬁtness wristband on the market that monitors human
body functions, technology can aid cities to measure, report, and verify local air and
water quality, temperatures, precipitation levels, ﬂora and fauna populations, and
18

Evans (2008), p.3; based on Adger (2006), Neil Adger, Arnell, and Tompkins (2005).

Fig. 18.6 Singapore

Fig. 18.7 New York City
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recreational location capacities as examples. ICT technologies and big data can also
play an instrumental role in making the business case for biophilia by measuring the
reactions of the citizens in unnatural/natural environments as well as the operations
of urban systems working in coordination with green infrastructure applications to
determine the socioeconomic and environmental impacts.
Cities can harness the power of its citizens and capacities for immediate action,
to advance the local public health, climate change, and education agendas by incorporating urban ecosystems into their respective protocols. And local authorities and
stakeholders can mandate biophilic principles and design in urban development
plans, infrastructure investments, and policy measures. Ensuring all urban inhabitants share in the beneﬁts of the local nature and its biodiversity requires political
leadership, private sector engagement and citizenry support for multi-sectoral
polices and diverse investments in low-carbon/impact development, including
public/green/blue spaces, mixed-use built environment, education, multi modes of
transport, and renewable energy among others.
Various demonstration cities within Tim Beatley’s Biophilic Cities Project
Network are pursuing aggressive agendas to address public concerns in the near as
well as the long term often against tremendous odds. Birmingham, UK, a once
industrial center, is committed to becoming a sustainable and a natural capital city
both through reductions in carbon emissions and enhancing public health by capitalizing on the services, beneﬁts, and economic assets of its natural environment.
The city’s Green Commission has developed a Green Living Spaces Plan targeted at
generating economic revenues in part from saved health costs and rewarding residents for increased health and well-being. The city’s 1000-hectare Sutton Park
(UK’s only urban reserve) and network of rivers and trails will be complemented
with additional green infrastructure within the built environment and connected
with alternative modes of mobility to optimize the public health potential and provide a new implementation interpretation to the UK’s decentralization of national
health policy to local levels.
One of the world’s most dense cities, Singapore, has aggressively embraced biophilic principles and redesigned its buildings and neighborhoods to promote a
human–nature coexistence. For example, the city uses park connectors and green
corridors to broaden access to the natural environments both for citizens and local
ﬂora and fauna. By making use of innovative design and layering of both physical
and natural infrastructure, such as elevated walks to access tree canopies, the city
facilitates the preservation and regeneration of its biodiversity and strengthens its
urban ecosystem services for its inhabitants. Political commitment is strong and
ﬁscal incentives such as the Skyrise Greenery scheme encourages developers to
incorporate green walls, facades, and other forms of green infrastructure into the
built environment. The Singapore Biodiversity Index is used to monitor and measure the status of the local biodiversity and the impact on urban resources and
human well-being. Such performance indicators are of growing interest among
cities and governments for their contribution to global sustainability and climate
agendas.
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A Walk Through a Sustainable, Eco, Green, Post-Carbon City District…
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Fig. 18.8 All-in-one
washbasin and toilet
(Source: http://bathroomkitchen-faucets.com/de/
water-saving-all-in-one-washbasin-and-wc-tomaximise-space-andconserve-water/
all-in-one-washbasinand-wc-1/)

18.4

A Walk Through a Sustainable, Eco, Green, PostCarbon City District: Experiences of an Inhabitant

If you get up early in the morning, the ﬁrst way is to the toilet. It still looks a bit
weird but it is very functional: the water you use for washing your hands is used as
ﬂushing water for the toilet! (Fig. 18.8).
Taking a shower, the water is fresh, but only half of the amount of the average is
used, thanks to the eco showerhead you have installed. The towels as well as the
clothes you want to wear today are ready to be taken from the delivery box from the
laundry. The laundry has a closed water cycle and the heat supply comes from solar
collectors. They have a pickup and delivery service that also works when nobody is
home—in the box outside of your apartment.
In the same box, you will also ﬁnd the things you ordered for breakfast over the
Internet—today that is some fresh muesli—made according to you own choice. All
those services work on electro-mobility, transport bikes, or lorries.
There is a market hall right in the center of your district where you can buy all
the things that you still want to choose on your own and see before you buy. All the
food is organic; of course, most of it is grown on the roof gardens. Some of the
vegetables are still for free; growing in the urban gardening places throughout
the city, you just have to go there and pick!
The hallway looks very bright although it is right before dawn. This is due to the
natural daylight that is directed into your apartment by special channels. Natural
light is collected on the roofs or at the facades and directed to the rooms where it is
needed, distributed by a diffuser. The blender for your morning juice runs on renewable energy sources, of course!
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If you leave your apartment, you walk down the stairs (there is an elevator, but
in the back of the building, behind the stairs, so it is much easier to take the stairs,
and at the same time, do something for your ﬁtness). On the board, just before you
leave the building, you see that there are still 5 min left until the next tram arrives.
Although the trams and busses go very frequently, the weather today is so nice that
you decide to take the e-bike, just waiting there in front of your building. The keycard to open the key chain you pay with your rent, which includes also the ticket for
the tram and all things you need for car sharing (electric vehicles only).
The kids can go to kindergarten and school on their own, as there is no trafﬁc
within the district and all the distances are very short.
You drive with the e-bike to the shared ofﬁce within the district; you share with
one other citizen. Every Monday and Wednesday, you can use one desk; you just
bring your laptop and can use all the other equipment, like the printer, scanner, and
copier but also the equipment for conferences and the coffee machine and the stove
(of course also running on renewables). All the electronic equipment is very energy
efﬁcient, and if their lifetime has ended, they all get disassembled (which is very
easy now due to new regulations according to eco-design guidelines) and separated
into their components and reused or recycled.
Some nice contacts have been established during the last month your have been
working there and there might also be a joint project with two other coworkers in
the near future!
Just in case you need a car, there is a website and app available which offers all
the available places on a platform where it is possible to see real-time availability
and book these parking spots ahead. As a result, drivers spend less time searching
for a single spot and reduce CO2 emissions. Only a few people still have their own
car. It is very inconvenient, as the cars have to be parked on the outside of the district, in shared garages, and as almost everything is available and reachable within
walking or biking, a car is not really necessary.
On the way back, you pop by the local food store to get a reﬁll on your favorite
wine in the glass bottle you bring. Due to climate change, there are new vineyards
now growing outside the city, not far from the city center.
Another stop is at the “do-it-yourself” shop, where you cannot only rent equipment but also a place at the workbench if you have some bigger projects to manage.
You take home the newest drilling machine that is on the market as you have bought
some new lights that need to be installed tonight. The shop is nearby the “Test
Living Lab,” which focuses on testing a range of innovative products related to
smart grids, district heating networks, and improving the sustainability of houses.
Such innovations include a hybrid heat pump that uses gas as well as sustainable
energy, a virtual power plant that allows city residents to trade energy and an electric car that can load and unload itself. Experiments into how to encourage people
to make “green” choices can also be conducted in the Test Living Lab, such as the
use of energy displays.
On the way home, it gets dark already and you realize the smart lightening system the city has installed during the last years: the lighting can be adjusted for a
range of situations via remote operation or sensors, helping to improve security and

18.4
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Fig. 18.9 Smart street lights (Source: http://www.designboom.com/technology/tvilight-smartstreetlights/)

save energy. Lighting can be dimmed or adjusted according to the weather and
according to number of pedestrians and cyclist on the roads. Movement sensors can
also be used to register if the lighting needs to be brighter. Saved energy can then be
used for other functions, such as powering the Wi-Fi network or measuring air quality (Fig. 18.9).
Back home, when entering your apartment, the smart air condition and the smart
lighting system start to work: both systems realize when there is someone in the
room and choose the conditions in the room according to your personal preferences.
In general, the indoor climate is very nice throughout the year: big plants (that lose
their leaves in winter) are placed on the outside of the building, regulating light,
humidity, and oxygen coming in and keeping air pollutants from getting in. A look
at your smart meter shows you.
Before you can sit down and ﬁnally relax, you have to bring out the garbage you
forgot this morning. Most of the biodegradable waste goes into the biogas plant,
where it gets converted into electricity and heat. The remaining substrate is being
composted nearby the urban gardening beds, where it is used as fertilizer.
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