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Preface

Aristotle defined the city as follows: ''A city must be built to provide its inhabitants with securi‐
ty and happiness.” Friederich Ratzel defined it as “a sustainable density of human dwellings
and people who occupy considerable space and are at the crossroads of a major communica‐
tions road.” Cities are essential to humans. For those who live, work, or visit them, as well as
for those who rely on growth, the cities generate for both the city and the country. The emer‐
gence of cities on the stage of history was a fiery consequence of the evolution of human civili‐
zation. Originally, the city was created to fulfill a commercial product exchange role and a
military (security) role. The first urban civilizations in the world emerged in Asia near ad‐
vanced agriculture systems based on irrigation. The oldest city in the world, Jericho, appeared
7000 years ago in the Jordanian territory. Between the fifth and second millennia BC, flourish‐
ing cities developed in Mesopotamia (Ur, Uruk, Babylon), the Mohenjo-Daro Valley, northern
China, and Phoenicia (Tyr, Sidon). Starting with the third millennium BC, cities began develop‐
ing in northern Africa in the Nile Valley (Memphis) and the Mediterranean Sea (Carthage). In
Europe, the Minoan civilization created the first urban centers in the second millennium BC
(Knossos on the island of Crete). Subsequently, in ancient Greece, there are city-states (Micene,
Corinth, Athens). The ancient Greeks also set up numerous colonies in Asia Minor (Ephesus,
Miletus) and on the Black Sea coast (Histria, Tomis, Callatis). In the Roman era, cities saw defi‐
nite progress with paved streets, sewerage and water supplies, public utilities, and central fo‐
rum markets. Interestingly, many European cities were built on the ruins of the Roman ones
(London, Paris, Vienna, Turin). In the Middle Ages, many cities fell. They were fortified with
defense walls and ditches. As a consequence, the city is a well-populated regional body with a
high degree of concentration, organization, and social, cultural production, formed under cer‐
tain conditions of space and time. The city can be defined as a spatial, economic, and social
formation that cooperates with a multitude of factors with which it is in close interdependence
and reciprocity; a body that employs large spaces and has a unique role in polarization or eco‐
nomic gravity factors through production and consumption. We are used to sector-oriented
thinking. It is the traditional approach for many local and national initiatives, but in the future,
we need to associate traditionally divided sectors. With increased pressure on cities and still
fewer resources available, it is imperative that the urban policy of the future be developed in an
ever-closer interaction between areas such as transport, business, social, integration, environ‐
ment, and cultural theory. Cities need to help ensure and improve the quality of life of their
inhabitants and business attractiveness by providing sophisticated information and communi‐
cation technologies in the fields of education, employment, social services, health, and safety.
Our cities must be able to adapt to the threat posed by climate change. Properly designed and
properly planned urban development can improve the quality of the environment and reduce
carbon emissions. Cities need to achieve these results through innovative preventive, mitiga‐
tion, and adaptation measures that contribute to the development of new industries, and activi‐
ties that generate a low level of carbon dioxide emissions.

It is difficult to determine precisely the date of birth of the sustainability concept in concern to
cities. Sustainability in the urban domain appears, at minimum apparently, to have emerged out
of the two unified oil crises in the late 1960s and early 1970s: the first of these crises was ecologi‐
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cal, the second urban. The environmental crisis was a product of the culmination of large- and
small-scale environmental damage that had been brought by rapid industrialization. Sustainable
urban development takes place in many cities as densification and transformation. It’s the city’s
goal, first and foremost, to develop within the existing limits so that no larger new areas are
included. Many municipalities are working strategically to fortify city centers and to transform
function-based commercial and port areas, among other things, to renovate or expand already
built structures and regions as well as recycle closed-down commercial properties, port areas,
and other functional emptied buildings/land for new purposes. The public functions for the
city’s life, and environmentally, a large number of urban functions today can be well integrated
into the urban environment. To support this, there is a need for methods and tools to help munic‐
ipalities and others to be inspired to plan for existing and future businesses, which need to be in
interaction with the city. The properties of the state, regions, and municipalities can also contrib‐
ute to sustainable urban development by, among other things, working with location strategies
that combine different institutions in, for example, multipurpose houses, so that operating con‐
sumption can be reduced. Building flexibility can be increased, and proximity to infrastructure
can be secured. The concept of densification is that one always tries to think of further and future
needs; it goes together with planning and development of healthy cities.

In this book, many leading experts, including urban planners and academics, have collectively
expounded and shared their concerns and strategies on the new vision of sustainable city
movement in our world today. It will be a “must-read” book for a broad market , including city
decision makers, academics and researchers, the public, private sector professionals such as
planners, architects, engineers, landscape designers, geologists, economists, etc.

The book is divided into four parts and nine chapters: 

Section I is entitled “Introduction to Sustainable Cities Concept,” and contains one chapter enti‐
tled “Introductory Chapter: Overview on Sustainable Cities Theory and Practices,” which dis‐
cusses sustainability in cities in concept and practice.

Section II is entitled “Energy and Environmental Analysis of Sustainable Cities Models.” This
include four chapters. It expresses the effect of environment and energy on city configuration
and functions. The second chapter, “Towards Adaptive Design Strategies for Zero-Carbon Eco-
Cities in Egypt attempts to describe the hidden potentials by way of analyzing successful pri‐
vate initiatives for existing eco-communities in Egypt, where an analytical case study method
for tackling different aspects such as renewable energy, permaculture, eco-sanitation, solid
waste management, vernacular architecture, green transportation, and green economy was
adopted. The chapter contributes by critically analyzing such attempts and concludes with de‐
sign recommendations and strategies on how to reach an environmentally enriched, healthier,
resilient, and socially rewarding zero carbon city, running on its own locally available resour‐
ces. The third chapter is “Buildings in Urban Regeneration.” In this chapter, the authors try to
elucidate that the built environment process is a key element in urban living, where by taking a
holistic approach, buildings have the potential to be part of the solution to today’s and tomor‐
row’s challenges through the creation of sustainable cities. The fourth chapter of the book is
“Urban Renovation and the Simulation Evaluation of Urban Climate Change in Residential and
Commercial Districts: A Case of Xi’an, China”. Urban heat island is the most important issue in
this chapter, which requires the monitoring and evaluation of outdoor thermal comfort in cities
worldwide, where four microscaled residential and three commercial districts in Xi’an city rep‐
resent the typical urban typology of residential and commercial districts that were developed
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during different historical periods, and use the urban simulation system scSTREAM to evaluate
the impact of urban renovation types on urban climate change. The fifth chapter is “Multi-crite‐
ria Spatial Decision Support System for Urban Energy Planning: An Interdisciplinary Integrat‐
ed Methodological Approach.” This chapter provides an interdisciplinary integrated
methodological framework, which provides guidance to develop a multicriteria spatial decision
support system that supports decision-making processes for urban energy planning purposes.
The chapter helps in defining and evaluating energy-saving scenarios, taking into account the
participation of stakeholders in an interactive way.

Section III is entitled “The Role of Transport in a Sustainable City.” This part includes two
chapters that begin with Chapter 6 “Electric Two-Wheelers, Sustainable Mobility and the
City.”. The chapter explores the role electric two-wheelers (including pedelecs, e-mopeds, and
e-scooters) can play in urban vehicle ecosystems using the sustainable mobility paradigm.
Compared to traditional transport planning, this paradigm has a stronger focus on aspects such
as accessibility, people, streets as a space, city livability, as well as environmental impacts. The
analysis is based on existing literature in the academic and policy realm, and a comparison with
other transport modes, including motorcycles, bicycles, public transport, and cars. The seventh
chapter is “Influence of the Motor Transport on Sustainable Development of Smart Cities.” This
chapter focuses on the benefits of using smart transport in all fields of life as well as intellectu‐
alization of the decision-making process.

Section IV is entitled “The Influence of Social and Economic Factors in Urban Space Concep‐
tion” and contains two chapters. Chapter 8 is “Life Cycle Insights for Creating Sustainable Cit‐
ies” and focuses on the full life cycle of materials and energy flows as well as their uses in cities.
The chapter concludes with recommendations on best practices that potentially leverage life
cycle assessment results. It also covers the merits of employing the social life cycle perspective
together with the environmental life cycle and economic life cycle in a life cycle sustainability
assessment framework that seeks to define the triple bottom line space of lower unsustainabili‐
ty conditions. Chapter 9 is “Smart Homes and Sustainable Cities: The Design of a Low-Cost
Solution for Comprehensive Home Automation,” and presents a broad overview of the design
and development of a web-enabled smart home solution. Web development and control sys‐
tems together form the backbone of modern home automation technologies such as the Internet
of Things and embedded systems.

This book offers a variety of materials on sustainable cities and eco-cities, and will prove useful
to professionals in the field of urban planning and design. We want to express our special
thanks to all the authors who contributed to the quality, range, diversity, and richness of this
publication with their chapters. A special thanks also go to the kind Mr. Julian Virag, InTech’s
Publishing Process Manager, for his assistance and efficiency in the management process of this
book and his cooperation at various stages of book publication. Last but not least, we wish to
acknowledge the superb assistance of the staff at InTechOpen Publisher in the preparation and
coordination of this book.

Amjad Almusaed
Jonkoping University, Sweden

Asaad Almssad
Karlstad University, Sweden
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Introductory Chapter: Overview of Sustainable Cities, 
Theory and Practices

Amjad Almusaed and Asaad Almssad

Additional information is available at the end of the chapter

1. Introduction

Human settlements are the result of the dynamic adaptation of the human community operat-
ing in a given territory in the conditions of social, economic and historical relations. The areas 
on which human settlements are located are distinguished by the components of the physical-
geographic structure, by the diversity and by the potential natural conditions, as well as by the 
economic and social factors in which the human settlements appear and develop [1]. Human 
settlements represent the totality of human communities, villages and towns, regardless of 
their position, size and functions. Human settlement can be considered a geographic landscape 
integrated with the natural and social conditions necessary for the existence of housing, work 
and equipment (power supply, water, transport, communications, sanitation, etc.). Human 
settlement is a body of land known to be a regular form of property with a hearth on which 
communal and territorial attributes develop [2]. The term “locality” defines a human, rural or 
urban settlement, delimited according to the number of inhabitants, the nature of the built-up 
area, the degree of the social endowment, the technical-public amenities, the function, etc. 
Hence, human settlements or human habitat refers to some components such as population, 
construction, markets, streets, industrial platforms, recreation and recreation areas. Human 
settlements support the unity of natural, social, material, spiritual, cultural and organizational 
factors, including housing, labor, energy supply, communications, water, sanitation, services, 
social security, administration systems, cultural facilities, recreation, etc. [1]. The village is the 
oldest form of human habitation that presents ethnographic, historical, economic, social or 
urban characteristics. A village is a group of houses and people who are leaving their means 
of existence of a determined social space.

Defining the sustainable city, the word sustainability has come into such common usage that 
it sometimes seems ubiquitous. At the outset, this leads to the need to answer two principal 
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settlements support the unity of natural, social, material, spiritual, cultural and organizational 
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oldest form of human habitation that presents ethnographic, historical, economic, social or 
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questions with regard to the movement of sustainable cities. First, what is a sustainable 
city? And secondly, why is it important that cities become sustainable? In answering these 
 questions, it is useful to draw a distinction between sustainability and sustainable develop-
ment. Sustainability in its broadest sense is the capacity of natural systems to endure and to 
remain diverse and productive over time. Sustainable development is the practice of humans 
arriving at a level of economic and social development that does not inevitably alter ecologi-
cal balance [3]. Many settlements were fair, with trade, crafts and administrative functions. In 
the renaissance era, when the bourgeoisie grew, the cities experienced a period of flowering 
(Florence, Venice and Rome). In the modern and contemporary era, besides the European 
and Asian cities, colonized colonists have developed in the Americas (New York, Quebec, 
Bogota). A major urban transformation accompanied the industrial revolution. Between 
1800 and 1990, global population grew almost six times, while urban population multiplied 
more than 120 times. The human settlement represented by urban settlements has two basic 
components:

• Territorial components that are superimposed on the built perimeter, this being what we 
call the hearth, delimit the space for the living quarters; sometimes overlaps with the city.

• The socioeconomic and environmental component refers to the population and to the work 
place, which are closely linked to the city’s territory.

The commune is a form of territorial administrative organization that includes exclusively 
rural settlements, namely villages, whose common point is represented by the unitary, social, 
cultural or ethnographic character. One or more villages may enter it. The city was defined by 
F. Ratzel by the existence of three elements: professional activity, concentration of dwellings 
and number of inhabitants. “The city, as an element of the landscape, is a body linked to the 
geographical space, inside of which it fulfills a precise function: it concentrates, transforms 
and redistributes material and spiritual assets.” [4]. It is necessary to consider the marked 
urbanization that draws the population and the growth of the cities. About half of all people 
live today in the big provincial cities. The majority of Western cities possess unique cultural 
and architectural qualities, strong social inclusion forces and exceptional economic develop-
ment opportunities. Cities are centers of knowledge and sources of growth and innovation. 
Still, it faces problems linked to demographic and social inequality as well as social  exclusion 
of specific population groups including a lack of affordable housing and environmental 
issues. In the long run, cities will not be able to fulfill their function of engines of social prog-
ress and economic growth as described in the Lisbon Strategy, if we fail to maintain social 
balance in cities ensuring cultural diversity and setting high-quality standards in the areas of 
urban design, architecture and environment. It is necessary to increase the need for integrated 
strategies and coordinated actions by all individuals and institutions involved in urban devel-
opment that can have a more general impact than only cities that are taken individually. 
There must be a responsibility for the future of our cities at every level of government—local, 
regional and international level. To make this multilevel governance genuinely useful, it will 
be necessary to improve the coordination of the various sectoral policy areas and develop a 
new sense of responsibility for integrated urban development. Also, it is necessary to make 
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sure that those working on developing these policies at all levels learn the skills and knowl-
edge that they need to build sustainable communities in cities. In modern definition, the city 
should be conceived not only as a packing of houses and people with a certain physiog-
nomy, with an economic and social life limited to a narrow frame, but especially as a complex 
 organism with much wider functions whose area of manifestation goes far beyond that of the 
city built in other parts.

2. Healthy cities and energy efficiency

According to UN programs, we will be 10–12 billion people around the world by 2050. Agenda 
21 is an action program adopted at the United Nations Environment and Development 
Conference in Rio de Janeiro in 1992. The program describes how efforts to counter environ-
mental degradation, poverty and lack of democracy should be developed in order for our 
societies to achieve sustainable development. Agenda 21 notes that the human way to extract 
and use the energy inside is permanently sustainable and identifies two ways to change the 
energy system: energy efficiency and renewable energy sources. In order for everyone to 
have a reasonable material and healthy standard of living, natural resources must be uti-
lized efficiently. Economic growth is high in Asia, for example, concurrently the population 
increases. This leads to more cars, more mobile phone and tablets, as well as white goods 
such as refrigerators, higher power consumption and so on. Pressure on finite resources 
like oil, coal and gas becomes large. But the most difficult issue is the pressure on biological 
resources: forests, arable land, fisheries, wetlands and mangrove swamps [5]. The existence of 
economic activities and investments on the one hand is closely linked to the existence of high-
quality urban structures, a properly constructed environment and a modern and efficient 
infrastructure. For this reason, it is necessary to improve the existing building opportunities 
in disadvantaged areas, in terms of design, physical conditions and efficiency of energy use. 
Adaptation of housing standards for new and existing buildings has the greatest potential for 
increasing energy efficiency within the EU and thus combating climate change. In order to 
increase the sustainability of investments in improving the physical environment, they must 
be included in a long-term development strategy that includes, among others, a sustainable 
public and private investment program. The increasing population growth puts pressure on, 
among other things, urban areas, resources, housing prices and public services. Additionally, 
increased traffic volume results in poorer air quality and congestion-related problems. At the 
same time, there is also an increasing trend towards social divisions between populations 
in the larger city. The new challenge for authorities and city planners is to transform met-
ropolitan areas into eco-areas, in a form “sustainable cities,” which is able to survive only 
with green energy and reduce pollution as much as possible. More than half of the world’s 
population lives in cities today, according to the United Nations. Given the unprecedented 
levels of urban migration in recent decades, in conjunction with climate change, it is necessary 
to recognize that human livelihood in a significant urban agglomeration, had a big impact on 
nature. For cities to find a place in the green future of the Planet, they have to turn into clean 
entities. There are already cities in the world where the future is here. Citizens of the capital 
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infrastructure. For this reason, it is necessary to improve the existing building opportunities 
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Adaptation of housing standards for new and existing buildings has the greatest potential for 
increasing energy efficiency within the EU and thus combating climate change. In order to 
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public and private investment program. The increasing population growth puts pressure on, 
among other things, urban areas, resources, housing prices and public services. Additionally, 
increased traffic volume results in poorer air quality and congestion-related problems. At the 
same time, there is also an increasing trend towards social divisions between populations 
in the larger city. The new challenge for authorities and city planners is to transform met-
ropolitan areas into eco-areas, in a form “sustainable cities,” which is able to survive only 
with green energy and reduce pollution as much as possible. More than half of the world’s 
population lives in cities today, according to the United Nations. Given the unprecedented 
levels of urban migration in recent decades, in conjunction with climate change, it is necessary 
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of Iceland, Reykjavik and those in Vancouver, Canada, consume energy supplied almost 
exclusively from renewable sources. Vancouver is somewhat blessed geographically—with 
mountains, rivers, oceans and valleys—but the citizens have always tried to help them and 
make the most of what nature has provided [6]. Considering the complexity of the challenges, 
there is a need for an overall urban policy framework for how they are addressed and the 
potentials being exploited. Thinking of social conditions, environment and economy together 
improve the likelihood of implementing coherent solutions. Sustainable settlements must be 
economically viable while incorporating climate adaptation, energy and resource efficiency, 
environment, architectural quality and social security. Economy and the environment can 
thus generate added value when combined with overall considerations. Urbanization can 
contribute to a more sustainable society, including linking different city functions into urban 
development strategies. For example, proximity to public transport can reduce resource and 
energy consumption when planning accommodation, jobs and shopping opportunities so 
that busses, trains, walking and cycling are preferred. World cities occupy only 4% of the 
land area, yet they are home to more than half the world’s population. Since 2009, the number 
of inhabitants in these cities has increased by 7.6%. The development of sustainable cities 
is one of the most significant global challenges right now. The cities face a large number of 
social, environmental and economic problems that require conversion. As population flow 
brings new demands to physical structures, to residents and the management of cities, the 
need arises for thinking across professions and sectors. This conversion can be done through 
public-private partnerships where administrations and companies benefit from each other’s 
expertise and experience. Today, each year, humanity uses energy equivalent of only a few 
thousands of a percent of the solar energy that reaches the Earth’s surface at the same time. 
The types of energy used are just over 90% fossil fuels, according to some analysts.

3. Innovative sustainable cities and urban policy

A sustainable framework for urban policy should not only focus on the future but also have a 
strong contemporary focus, as it will quickly become impractical in everyday life. The vision 
for a new framework for sustainable urban policy can, therefore, deal with methods that make 
sustainable solutions an attractive and beneficial alternative for all. Sustainable solutions are 
intended to be based on Dane’s daily needs. For example, we are not necessarily exclusively 
cycling because it is environmentally friendly and healthy, but perhaps because it is easy, fast, 
cheap and accessible. This principle can be transferred to sustainable urban development. 
Everyday life cannot be more cumbersome by a sustainable change, so it is likely that the 
broad favorite anchorage will be left out. In many occasions, we used several new terms in 
sustainable city field. There have been confusions in the use of some terms such as climate 
smart, sustainable development, carbon-neutral and not least of all the environmental classifi-
cations of goods and services which appear at regular intervals. It is not surprising if different 
actors may feel uncertain about what actually makes the greatest benefit for the environment. 
Initially, it may be useful to define the concept of sustainable development, because it has 
had such a significant impact on sustainable urban development becoming a political and 
even commercial focus area. In the literature, there are many different definitions of what 
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sustainable development is. A brief description is to maintain a positive social change process 
[7]. Thus, it is the whole society to participate in a process in which the aim is that people’s 
needs must be satisfied, without spending too much on the Earth’s resources. However, it is 
necessary to recognize the limits, conversion and the real meaning of sustainable cities, where 
the conversion to sustainable cities is therefore both an individual and collective project that 
can support the city’s communities. It requires shared ownership for all, and in the process of 
initiation, it is important that the city’s users get involved in the thinking of the solutions. The 
government’s sustainable urban policy is primarily about social and biophilic theory. In cities 
that are growing rapidly, poverty also increases. The problem with the cities is that it is dif-
ficult to develop infrastructure and services in line with population growth. This means that 
the living conditions and environment deteriorate for lots of people. Many of the developing 
countries will continue to grow rapidly. But all cities do not grow, and growth in many mega-
cities (with more than 10 million inhabitants) has slowed down in recent decades, for example, 
in Latin America’s largest cities. The same applies to many Asian cities, such as Calcutta, India. 
Most of the largest cities are in a handful of states: China, India, Brazil, Indonesia, Mexico, 
Egypt and Pakistan. In more than 50 nations, there is no city that has reached half a million 
inhabitants. Third World cities, including some of the largest, are not very populous if count-
ing people per hectare [5]. There will be water shortages, environmental degradation, traffic 
congestion, slums, crime and abuse. Urbanization also has a positive side, partly because it is 
strongly linked to economic growth. A sense of social and biophilic city can also have a posi-
tive effect on growth and employment as well as the framework for the good life.

3.1. Sustainability and social responsibility (a socially sustainable city)

Social sustainability revolves around the human factor as a prerequisite for a sustainable city 
and a sustainable society. The government’s sustainability strategy thus denotes the notion that 
everyone should participate in the social development and have equal opportunities, regard-
less of the background. A focused and sustained social sustainability work helps to ensure 
diversity, democracy and equality in cities. A sustainable city is socially linked to the fact that 
there are democratic spaces where people can meet regardless of social, economic and cultural 
backgrounds and provide opportunities for deployment and accessibility for all the citizens of 
the city. When a city has many offers for both everyday life and special occasions, it becomes 
more vibrant and attractive—this can also help to increase the quality of life for urban citizens. 
A socially sustainable city also opens the possibility for citizens’ health to be supported in the 
form of urban spaces designed for physical activity and intercourse. The population’s living 
patterns have also changed. Now, we live in the age of individualism. More and more people 
spend periods in their adult lives where they live alone. This affects the demand for housing 
and transport. At the same time, old-day collective solutions are no longer as relevant as they 
once were, either in the form of commercial offers or in the form of totally disorganized and 
spontaneous practice of sports. It is important that the cities also allow for individual sports 
and physical activity. This can help residents improve health and also the cohesion between 
people who might not otherwise meet each other. At the same time, a city and the residen-
tial area must be experienced attractive enough for a healthy and natural exchange with the 
surroundings and that different people want to visit, live and settle there. Urban develop-
ment is crucial for communities—both the large community at the urban level and the closer 
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that are growing rapidly, poverty also increases. The problem with the cities is that it is dif-
ficult to develop infrastructure and services in line with population growth. This means that 
the living conditions and environment deteriorate for lots of people. Many of the developing 
countries will continue to grow rapidly. But all cities do not grow, and growth in many mega-
cities (with more than 10 million inhabitants) has slowed down in recent decades, for example, 
in Latin America’s largest cities. The same applies to many Asian cities, such as Calcutta, India. 
Most of the largest cities are in a handful of states: China, India, Brazil, Indonesia, Mexico, 
Egypt and Pakistan. In more than 50 nations, there is no city that has reached half a million 
inhabitants. Third World cities, including some of the largest, are not very populous if count-
ing people per hectare [5]. There will be water shortages, environmental degradation, traffic 
congestion, slums, crime and abuse. Urbanization also has a positive side, partly because it is 
strongly linked to economic growth. A sense of social and biophilic city can also have a posi-
tive effect on growth and employment as well as the framework for the good life.

3.1. Sustainability and social responsibility (a socially sustainable city)

Social sustainability revolves around the human factor as a prerequisite for a sustainable city 
and a sustainable society. The government’s sustainability strategy thus denotes the notion that 
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communities around the residential areas. An essential element of social sustainability is that 
there is a varied range of housing types—types of homes, sizes, location and different prices, 
including a housing that gives everyone, regardless of financial ability, the opportunity to have 
a reasonable framework for everyday life. The socially sustainable city also ensures that people 
with social problems get the necessary support to maintain the housing.

The general sector helps to ensure socially sustainable cities that support social and eco-
nomic balance. In a broad sense, the legitimate resident democracy can be part of a sustain-
ability concept. It is important to ensure social diversity in general housing so that citizens 
with economic, social or integration challenges are not concentrated in particular areas or 
neighborhoods. For a number of years, efforts have been made to ensure a better balance in 
the so-called vulnerable residential areas where such imbalance is a reality. In addition to 
social efforts, a socially sustainable city is being pursued by building new attractive general 
housing on a smaller scale and in neighborhoods with mixed ownership and housing forms, 
which are physically integrated in the surrounding city. This should help to ensure a bet-
ter social balance in the residential areas, thus avoiding further segregation and division. 
The office often functions as a gathering place for homeless people, addicts and people with 
mental difficulties. Social sustainability means creating the necessary framework in the city 
for  vulnerable groups: both in the urban area itself or the form of homes for those groups. 
The socially sustainable city prevents the exclusion of the city’s communities and ensures 
that the basis for social action for vulnerable citizens is present. Relationships between the 
physical and social environment are central to social sustainability. Citizens’ involvement 
in the development of cities is essential for social sustainability, involving city citizens and 
residents in promoting shared ownership and sense of responsibility, which the municipali-
ties are working extensively in connection with area renewal. Citizens’ involvement is also 
practiced in many other contexts, such as center planes, port plans or other. It is therefore 
necessary to continue developing methods of inclusion, including in terms of activating and 
engaging citizens who might not otherwise be involved—including using digital engagement 
platforms. Citizen involvement should always take place on the citizen’s grounds irrespective 
of cultural, economic and social circumstances.

3.2. An environmentally sustainable city (biophilic city) and climate change 
phenomenon

A logically interpretation of a Biophilic model in sustainable cities is oriented to maintain a 
clean environment, access to nature and climate change management, resource shortages and 
pollution, which requires the conversion of our cities and homes. This applies, for example, 
to promoting sustainable modes of transport, reducing energy consumption in buildings, 
establishing new forms of energy supply and other ways of managing resource streams. A 
large number of environmental problems and challenges are concentrated in the cities, and 
at the same time, the solutions must be found. Urban development, housing enrichment 
and construction will aim at a wide range of solutions that together will be the green and 
blue city, where pollution and effects thereof are minimized and where nature and water are 
incorporated into urban solutions and become more visible in the cityscape than today. The 
cities have a great potential to develop and implement innovative solutions and to reduce 
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energy and resource consumption. For example, energy consumption and congestion can be 
reduced by planning a compact urban development with good public transport, making it 
more attractive to choose public transport, bicycle and corridors. The consequences of climate 
change can be felt even more clearly in the future—flooded basements and congested sewers 
are partly results of climate change in combination with the vast fortified areas that prevent 
rainwater from leaching into the soil. There is a need to think across and to reap the benefits 
of incorporating social elements and economics into, for example, climate adaptation initia-
tives. If climate change adaptation is combined with the city’s space and life, new opportuni-
ties are opened to incorporate environmental solutions in the city. The climate problem is 
highly relevant for urban development. Reducing carbon emissions by using different policy 
measures is an important part, in addition to planning new districts in such a way that a 
changing climate does not provide any unwanted side effects. It is largely the lifestyle that 
determines whether we live healthy or not. Updating of knowledge about sustainability and 
climate change is necessary. The basis on which rules and technical specifications were based 
only 5–10 years ago must be adapted to match this new knowledge. Changes in business and 
the population’s living patterns and the modern understanding of climate change cause all 
cities to face a series of challenges and opportunities. All cities must work towards greater 
sustainability. The cities are also different. It will be the challenges and thus the possibilities 
as well. Today, it is possible to open the ports and islands of the cities to the benefits and 
enjoyment of the greatest possible extent. The transformation requires careful consideration 
to make a sensible balance between the many interests of housing, leisure, business and port 
activities. Otherwise, one kind of shutdown can be quickly replaced by another.

3.2.1. Environment and climate change

Climate change and overweight are major threats to health. A major and growing environ-
mental problem being discussed much is climate change. Scientific evidence has shown that 
the levels of greenhouse gases have increased in the atmosphere and that human fossil fuel 
combustion has increased the emissions of these gases [8]. This in turn leads to an increase 
of the annual average temperature on the Earth, which can contribute to droughts, floods 
and other serious problems against human survival around the world. A city can become a 
healthier city if it is obvious to go to combat the negative act of climate change, if the city is 
clean and air quality is good, if the use of hazardous substances both outdoors and indoors 
can be avoided and if, at the same time, it is easy to find quiet areas where there are green 
areas and where we can rest, cycle or go for a walk. Increased density must be combined with 
green, blue and healthy living; however, successfully combining these poses a challenge. This 
applies to the planning of the cities, town’s buildings and to the technical solutions for trans-
port, water, energy and waste. The cities are different—the solutions become different. The 
starting points for meeting the challenges are not the same. The size, location and possibilities 
of the towns are different. The same are planning traditions and attitudes. The solutions should 
suit local conditions. Therefore, the Intergovernmental Panel on Climate Change (IPCC) and 
most researchers consider it important that research methods continue to develop, which can 
safely measure these changes, improve the climate models and disseminate the information 
available to decision makers, so that they can make decisions regarding climate-adapted and 
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communities around the residential areas. An essential element of social sustainability is that 
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necessary to continue developing methods of inclusion, including in terms of activating and 
engaging citizens who might not otherwise be involved—including using digital engagement 
platforms. Citizen involvement should always take place on the citizen’s grounds irrespective 
of cultural, economic and social circumstances.

3.2. An environmentally sustainable city (biophilic city) and climate change 
phenomenon

A logically interpretation of a Biophilic model in sustainable cities is oriented to maintain a 
clean environment, access to nature and climate change management, resource shortages and 
pollution, which requires the conversion of our cities and homes. This applies, for example, 
to promoting sustainable modes of transport, reducing energy consumption in buildings, 
establishing new forms of energy supply and other ways of managing resource streams. A 
large number of environmental problems and challenges are concentrated in the cities, and 
at the same time, the solutions must be found. Urban development, housing enrichment 
and construction will aim at a wide range of solutions that together will be the green and 
blue city, where pollution and effects thereof are minimized and where nature and water are 
incorporated into urban solutions and become more visible in the cityscape than today. The 
cities have a great potential to develop and implement innovative solutions and to reduce 
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energy and resource consumption. For example, energy consumption and congestion can be 
reduced by planning a compact urban development with good public transport, making it 
more attractive to choose public transport, bicycle and corridors. The consequences of climate 
change can be felt even more clearly in the future—flooded basements and congested sewers 
are partly results of climate change in combination with the vast fortified areas that prevent 
rainwater from leaching into the soil. There is a need to think across and to reap the benefits 
of incorporating social elements and economics into, for example, climate adaptation initia-
tives. If climate change adaptation is combined with the city’s space and life, new opportuni-
ties are opened to incorporate environmental solutions in the city. The climate problem is 
highly relevant for urban development. Reducing carbon emissions by using different policy 
measures is an important part, in addition to planning new districts in such a way that a 
changing climate does not provide any unwanted side effects. It is largely the lifestyle that 
determines whether we live healthy or not. Updating of knowledge about sustainability and 
climate change is necessary. The basis on which rules and technical specifications were based 
only 5–10 years ago must be adapted to match this new knowledge. Changes in business and 
the population’s living patterns and the modern understanding of climate change cause all 
cities to face a series of challenges and opportunities. All cities must work towards greater 
sustainability. The cities are also different. It will be the challenges and thus the possibilities 
as well. Today, it is possible to open the ports and islands of the cities to the benefits and 
enjoyment of the greatest possible extent. The transformation requires careful consideration 
to make a sensible balance between the many interests of housing, leisure, business and port 
activities. Otherwise, one kind of shutdown can be quickly replaced by another.

3.2.1. Environment and climate change

Climate change and overweight are major threats to health. A major and growing environ-
mental problem being discussed much is climate change. Scientific evidence has shown that 
the levels of greenhouse gases have increased in the atmosphere and that human fossil fuel 
combustion has increased the emissions of these gases [8]. This in turn leads to an increase 
of the annual average temperature on the Earth, which can contribute to droughts, floods 
and other serious problems against human survival around the world. A city can become a 
healthier city if it is obvious to go to combat the negative act of climate change, if the city is 
clean and air quality is good, if the use of hazardous substances both outdoors and indoors 
can be avoided and if, at the same time, it is easy to find quiet areas where there are green 
areas and where we can rest, cycle or go for a walk. Increased density must be combined with 
green, blue and healthy living; however, successfully combining these poses a challenge. This 
applies to the planning of the cities, town’s buildings and to the technical solutions for trans-
port, water, energy and waste. The cities are different—the solutions become different. The 
starting points for meeting the challenges are not the same. The size, location and possibilities 
of the towns are different. The same are planning traditions and attitudes. The solutions should 
suit local conditions. Therefore, the Intergovernmental Panel on Climate Change (IPCC) and 
most researchers consider it important that research methods continue to develop, which can 
safely measure these changes, improve the climate models and disseminate the information 
available to decision makers, so that they can make decisions regarding climate-adapted and 
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risk-reducing measures [8]. Gardens, parks, green boreholes, forest and nature give the city 
quality. People are happier, less ill and less stressed when they can watch and move in the 
green. The green is the city’s lungs, creates fresh air and provides shade and space for animal 
and plant life. Ample green city areas mean lower temperatures in the summer in the cities. The 
green provides opportunities for relaxation, to keep track of the season’s shift and for play and 
movement [9]. We must think blue water is important quality in the city. Lakes, streams, canals, 
fjords and seas provide experiences and activities. The city will help ensure clean and abundant 
groundwater. Climate change means more water from above. It provides opportunities for 
more planned wetlands in the city. Our way of building a city is developing in a way where the 
energy consumption of cities is far greater than in the closer cities. We must return to the closer 
cities, thus creating less distance between the city’s functions. Bike and public transport will be 
better alternatives to the car. It also offers better opportunities for collective solutions in other 
areas. It creates greater intensity and peace of mind, more life and more space for diversity. 
Therefore, we should think in greater density, no matter how large or small a city or district is. 
Higher density should not have negative consequences. Light, air and health are a natural part 
of the modern, sustainable city. The same are effective solutions for energy, water and waste. 
The “technology” must be alright—also in the city’s buildings, where it is important to avoid 
dangerous substances affecting the environment and a health risk to humans. Climate change 
must be utilized positively. We should not only think close but also green and healthy. The EU 
countries’ carbon dioxide emissions have fallen in all sectors in the first half of 1990s, except 
for one: the transport sector. But it is not from road traffic, as carbon dioxide has increased the 
most, but from air traffic, although flying still account for a lion share of total emissions from 
traffic. In total, EU countries’ carbon dioxide emissions fell by almost 3% during this period. 
The decrease is partly due to the recession and the decrease in energy consumption in Germany 
when the DDR joined the Federal Republic. In addition, the British began using more natural 
gas and less coal [10]. Lack of water, polluted rivers, poorly functioning drainage systems or 
none at all have been so bad in many of the world’s growing metropolitan areas.

• The rivers of Buenos Aires are clean sewers.

• In Karachi, southern Pakistan, 30,000 people die annually of polluted water.

• In Basra, southern Iraq, more than 4 million residences used frequently polluted water. 
More than 100 thousand residences are infected from polluted water.

• Shanghai faces threatening water shortage and saltwater penetrates the Yangtze River.

It shows a recent report from the World Nature Fund [11].

A couple of 100 million city residents lack access to a nearby source of safe drinking water. 
Chronic water shortages affect many more including rural residents. Approximately 50 coun-
tries of the world have too little water or are on the verge of a water shortage. In many countries, 
water shortages are already acute, such as in North Africa, the Middle East and parts of Asia [12].

Several European countries are also approaching a situation where clean water is insufficient. 
This applies to countries such as Poland, Belgium, Great Britain, Germany, Denmark and 
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Spain. Freshwater resources in the Third World are believed to be a central issue in inter-
national cooperation in the twenty-first century. Conflicts around water can be difficult to 
handle. It may be relevant to export water from countries with abundant supplies [11, 12]. 
The traditional way of managing water and sewage in the big cities is to get water further and 
further away and expand the pipelines. Then, the wastewater is pumped far away from the 
city. Mexico City is an example. Due to the over-extraction of groundwater, the city has fallen 
and had problems with flooding [11]. However, it is not certain that our Western system to 
manage water and sanitation is the best. It is in its place outdated with spent infrastructure, 
expensive and not adapted to today’s needs and climate change.

3.3. An economically sustainable city

The cities are essential to the world economy. They are growth centers in a globalized economy, 
bringing economic development to the hinterland. The potential of the cities for attracting for-
eign tourists can also contribute to creating economic sustainability. The long-term develop-
ment of cities must therefore also take into account tourism, which significantly contributes to 
growth and employment. Measures to ensure the economic stability of disadvantaged areas 
must also exploit endogenous economic forces within those areas. In this context, the labor mar-
ket and economic policies specifically designed to meet the needs of disadvantaged areas will 
be the right instruments. The aim is to create and secure jobs and facilitate the creation of new 
businesses. In particular, opportunities to access the local labor market need to be improved 
by providing training that is tailored to market requirements. Also, in the context of the ethnic 
economy (generated by cultural diversity), employment and training opportunities need to be 
used to a greater extent. The European Union, Member States and cities are called upon to create 
better conditions and instruments for strengthening local economies and, at the same time, local 
labor markets, in particular by promoting social economy and by providing quality services to 
their citizens. It is useful in working with the concept of sustainability to understand and work 
with economics in a broader perspective that crosses social and green sustainability, as social 
and green sustainability costs play a role. By establishing a life-cycle perspective, you look at 
prices for both establishments, operation and settlements. For example, it is about how a better 
environment addresses the costs of cleaning or maintenance or how socially well-functioning 
urban areas give rise to fewer costs for repair, oversight and so on. If municipal politicians 
continuously focus on thinking public and private investments together, they can support each 
other and create added value in the investments. That way, high-quality service can be deliv-
ered in the most cost-effective way. In a long-term economic focus that embraces social and 
environmental factors, there are often much more significant gains to be anticipated for the 
benefit of both business and society in general. In other words, there may be growth and jobs 
in social and green sustainability as well as an export potential in sustainable urban solutions.

4. Recommendation

For a future arrangement of sustainable cities, the new urban agenda, adopted in Quito 
(Ecuador) on October 17, 2016, complements the 17 sustainable development goals assumed 
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risk-reducing measures [8]. Gardens, parks, green boreholes, forest and nature give the city 
quality. People are happier, less ill and less stressed when they can watch and move in the 
green. The green is the city’s lungs, creates fresh air and provides shade and space for animal 
and plant life. Ample green city areas mean lower temperatures in the summer in the cities. The 
green provides opportunities for relaxation, to keep track of the season’s shift and for play and 
movement [9]. We must think blue water is important quality in the city. Lakes, streams, canals, 
fjords and seas provide experiences and activities. The city will help ensure clean and abundant 
groundwater. Climate change means more water from above. It provides opportunities for 
more planned wetlands in the city. Our way of building a city is developing in a way where the 
energy consumption of cities is far greater than in the closer cities. We must return to the closer 
cities, thus creating less distance between the city’s functions. Bike and public transport will be 
better alternatives to the car. It also offers better opportunities for collective solutions in other 
areas. It creates greater intensity and peace of mind, more life and more space for diversity. 
Therefore, we should think in greater density, no matter how large or small a city or district is. 
Higher density should not have negative consequences. Light, air and health are a natural part 
of the modern, sustainable city. The same are effective solutions for energy, water and waste. 
The “technology” must be alright—also in the city’s buildings, where it is important to avoid 
dangerous substances affecting the environment and a health risk to humans. Climate change 
must be utilized positively. We should not only think close but also green and healthy. The EU 
countries’ carbon dioxide emissions have fallen in all sectors in the first half of 1990s, except 
for one: the transport sector. But it is not from road traffic, as carbon dioxide has increased the 
most, but from air traffic, although flying still account for a lion share of total emissions from 
traffic. In total, EU countries’ carbon dioxide emissions fell by almost 3% during this period. 
The decrease is partly due to the recession and the decrease in energy consumption in Germany 
when the DDR joined the Federal Republic. In addition, the British began using more natural 
gas and less coal [10]. Lack of water, polluted rivers, poorly functioning drainage systems or 
none at all have been so bad in many of the world’s growing metropolitan areas.

• The rivers of Buenos Aires are clean sewers.

• In Karachi, southern Pakistan, 30,000 people die annually of polluted water.

• In Basra, southern Iraq, more than 4 million residences used frequently polluted water. 
More than 100 thousand residences are infected from polluted water.

• Shanghai faces threatening water shortage and saltwater penetrates the Yangtze River.

It shows a recent report from the World Nature Fund [11].

A couple of 100 million city residents lack access to a nearby source of safe drinking water. 
Chronic water shortages affect many more including rural residents. Approximately 50 coun-
tries of the world have too little water or are on the verge of a water shortage. In many countries, 
water shortages are already acute, such as in North Africa, the Middle East and parts of Asia [12].

Several European countries are also approaching a situation where clean water is insufficient. 
This applies to countries such as Poland, Belgium, Great Britain, Germany, Denmark and 
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Spain. Freshwater resources in the Third World are believed to be a central issue in inter-
national cooperation in the twenty-first century. Conflicts around water can be difficult to 
handle. It may be relevant to export water from countries with abundant supplies [11, 12]. 
The traditional way of managing water and sewage in the big cities is to get water further and 
further away and expand the pipelines. Then, the wastewater is pumped far away from the 
city. Mexico City is an example. Due to the over-extraction of groundwater, the city has fallen 
and had problems with flooding [11]. However, it is not certain that our Western system to 
manage water and sanitation is the best. It is in its place outdated with spent infrastructure, 
expensive and not adapted to today’s needs and climate change.

3.3. An economically sustainable city

The cities are essential to the world economy. They are growth centers in a globalized economy, 
bringing economic development to the hinterland. The potential of the cities for attracting for-
eign tourists can also contribute to creating economic sustainability. The long-term develop-
ment of cities must therefore also take into account tourism, which significantly contributes to 
growth and employment. Measures to ensure the economic stability of disadvantaged areas 
must also exploit endogenous economic forces within those areas. In this context, the labor mar-
ket and economic policies specifically designed to meet the needs of disadvantaged areas will 
be the right instruments. The aim is to create and secure jobs and facilitate the creation of new 
businesses. In particular, opportunities to access the local labor market need to be improved 
by providing training that is tailored to market requirements. Also, in the context of the ethnic 
economy (generated by cultural diversity), employment and training opportunities need to be 
used to a greater extent. The European Union, Member States and cities are called upon to create 
better conditions and instruments for strengthening local economies and, at the same time, local 
labor markets, in particular by promoting social economy and by providing quality services to 
their citizens. It is useful in working with the concept of sustainability to understand and work 
with economics in a broader perspective that crosses social and green sustainability, as social 
and green sustainability costs play a role. By establishing a life-cycle perspective, you look at 
prices for both establishments, operation and settlements. For example, it is about how a better 
environment addresses the costs of cleaning or maintenance or how socially well-functioning 
urban areas give rise to fewer costs for repair, oversight and so on. If municipal politicians 
continuously focus on thinking public and private investments together, they can support each 
other and create added value in the investments. That way, high-quality service can be deliv-
ered in the most cost-effective way. In a long-term economic focus that embraces social and 
environmental factors, there are often much more significant gains to be anticipated for the 
benefit of both business and society in general. In other words, there may be growth and jobs 
in social and green sustainability as well as an export potential in sustainable urban solutions.

4. Recommendation

For a future arrangement of sustainable cities, the new urban agenda, adopted in Quito 
(Ecuador) on October 17, 2016, complements the 17 sustainable development goals assumed 
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by world leaders at the end of 2015 through Agenda 2030 for Sustainable Development. The 
Strategic Vision of Sustainable Urbanization, negotiated for more than 3 years and presented 
at the Conference on Housing and Sustainable Urban Development (Habitat III), provides for 
a comprehensive approach to urbanization for the next 20 years. Thus, the sustainable urban 
development agenda proposed by UNDP is focused on concrete actions and sets global stan-
dards for sustainable urban development. It also includes a series of recommendations cen-
tered on rethinking how people will build, manage and live in cities by 2036 [5]. The economic 
and environmental footprint of urban centers is very high, despite the fact that they only cover 
a small part of the globe (0.51% of total land area globally). In terms of percentages, cities 
accounted for over 80% of world GDP in 2014, producing more than 70% of global greenhouse 
gas emissions and 80% overall energy consumption. At the same time, experts estimate that in 
20–30 years the development of urban centers will be significant, tripling in size and reaching 
about 1.2 million square kilometers in 2030. Consequently, authorities are encouraged to use 
renewable energy sources (by 2040, the global energy system should meet the demand of 9 
billion people), improve public transport, eliminate pollution and sustainably manage natural 
resources. According to the 11th sustainable development objective, focusing on the sustain-
ability of cities and urban communities, two-thirds of mankind (around 6.5 billion people) 
will live in urban areas by 2050. That is why the way we build and manage our urban spaces 
becomes essential for our sustainable development policy. If 26 years ago mankind numbered 
10 megalopolis, with more than 10 million inhabitants, in 2014 the number of these urban 
centers reached 28, totaling 453 million inhabitants. Thus, UNDP’s goal in the next 20 years 
is to create safe and sustainable urban centers, which also aim to tackle challenges such as 
eradicating poverty, social inequalities and reducing climate change. The new urban agenda 
also addresses current issues such as urban poverty, unemployment, climate change, pollu-
tion, exclusion of marginalization of vulnerable groups (migrants and refugees), reduction 
of natural disasters and gender disparities. Even if the new agenda for urban development 
remains just a recommendation, UNDP recognizes that it needs to support national govern-
ments and local communities to meet the proposed objectives, the only ones that would favor 
the creation of more resilient and secure urban centers for citizens [5].

4.1. Back to the human scale interpretations

Quite large streets intersect many cities. It was considered 30–40 years ago to be the best 
answer to the challenge of rising car traffic. The roads lead, among other things, to large 
parking spaces in the city centers, which were built to ensure that people still wanted to shop 
on the city’s main street when compared to pedestrian streets. Therefore, higher density is 
a significant challenge for many cities. Where city centers in the big cities are often char-
acterized by high frequency, high versatility and a complicated life, many medium-sized 
cities have hollowed urban corridors that are quite desolate and insecure for much of the 
time. Paradoxically, the center in many cities is often the characteristics that characterize the 
periphery of the big city. These problems can be solved in many places by building closer. In 
some places, underground parking facilities or parking garages can be built. This gives new 
opportunities to looped parking spaces. Here, it is essential to mix housing, non-polluting 
professions, institutions, new activities and recreational green areas. This also creates a “green 
density” and stimulates health. Elsewhere, it may be better to think of public transport, so the 
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need to park in the city centers is reduced. In this connection, attractive walking and cycling 
paths should be established, which connect the city center with its inner periphery. If people 
can go and cycle between houses, work, institutions and leisure facilities on beautiful and 
safe trails, more people will want to choose an excellent transport to the short distances. The 
edges of the city can be of great importance to health. One would think it was the most natural 
thing in the world to run or cycle the trip in green surroundings, at least for those living in a 
smaller city. But much of the land surrounding the cities is used for agriculture or other busi-
ness purposes. When planning new housing quarters, it is essential from the start to think of 
healthy and recreational path systems into plans for the benefit of the entire city.

4.2. Applying for sustainable model theories in planning and design city processes

This requires an active application of the “Integrated Approach” idea into urban development 
processes, where integrated urban development policy is a simultaneous and fair consider-
ation of all issues and concerns relevant to urban development. Integrated urban development 
policy is a process that coordinates critical spatial, sectoral and temporal matters. The involve-
ment of economic factors, stakeholders and public opinion is essential. Integrated urban 
development policy is a vital status for implementing the UN’s Sustainable Development 
Strategy. Its implementation of a requirement of a holistic world dimension, however, must 
take into account local conditions and needs based on the principles of subsidiarity.

Establishing a balance between the various interests of urban actors, supported by integrated 
urban development policy, is a viable basis for a consensus between the state, regions, cit-
ies, citizens and economic actors. Putting together knowledge and financial resources, public 
funds that are always insufficient can be used more efficiently.

Integrated Urban Development Policy involves actors outside the administration and enables 
citizens to play an active role in shaping their living environment. At the same time, these 
measures can provide more certainty regarding planning and investment. We recommend 
cities from all over the world to develop integrated urban development programs for cities as 
a whole. These implementation-oriented planning tools must have the following roles:

• describe the qualities and defects of cities and neighborhoods, based on an analysis of the 
existing situation;

• define realistic development objectives for the urban area and develop a coherent vision 
of the city;

• to coordinate technical and sectoral plans and policies related to the various regions of the 
city and to ensure that planned investments will help to promote a balanced development 
of the city and the surrounding area;

• to coordinate and to focus from space the use of funds by public and private sector;

• be organized at the local and regional level and involve citizens and other partners who can 
make a substantial contribution to the qualitative modeling of the economic, social, cultural 
and environmental future of each area.
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by world leaders at the end of 2015 through Agenda 2030 for Sustainable Development. The 
Strategic Vision of Sustainable Urbanization, negotiated for more than 3 years and presented 
at the Conference on Housing and Sustainable Urban Development (Habitat III), provides for 
a comprehensive approach to urbanization for the next 20 years. Thus, the sustainable urban 
development agenda proposed by UNDP is focused on concrete actions and sets global stan-
dards for sustainable urban development. It also includes a series of recommendations cen-
tered on rethinking how people will build, manage and live in cities by 2036 [5]. The economic 
and environmental footprint of urban centers is very high, despite the fact that they only cover 
a small part of the globe (0.51% of total land area globally). In terms of percentages, cities 
accounted for over 80% of world GDP in 2014, producing more than 70% of global greenhouse 
gas emissions and 80% overall energy consumption. At the same time, experts estimate that in 
20–30 years the development of urban centers will be significant, tripling in size and reaching 
about 1.2 million square kilometers in 2030. Consequently, authorities are encouraged to use 
renewable energy sources (by 2040, the global energy system should meet the demand of 9 
billion people), improve public transport, eliminate pollution and sustainably manage natural 
resources. According to the 11th sustainable development objective, focusing on the sustain-
ability of cities and urban communities, two-thirds of mankind (around 6.5 billion people) 
will live in urban areas by 2050. That is why the way we build and manage our urban spaces 
becomes essential for our sustainable development policy. If 26 years ago mankind numbered 
10 megalopolis, with more than 10 million inhabitants, in 2014 the number of these urban 
centers reached 28, totaling 453 million inhabitants. Thus, UNDP’s goal in the next 20 years 
is to create safe and sustainable urban centers, which also aim to tackle challenges such as 
eradicating poverty, social inequalities and reducing climate change. The new urban agenda 
also addresses current issues such as urban poverty, unemployment, climate change, pollu-
tion, exclusion of marginalization of vulnerable groups (migrants and refugees), reduction 
of natural disasters and gender disparities. Even if the new agenda for urban development 
remains just a recommendation, UNDP recognizes that it needs to support national govern-
ments and local communities to meet the proposed objectives, the only ones that would favor 
the creation of more resilient and secure urban centers for citizens [5].

4.1. Back to the human scale interpretations

Quite large streets intersect many cities. It was considered 30–40 years ago to be the best 
answer to the challenge of rising car traffic. The roads lead, among other things, to large 
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professions, institutions, new activities and recreational green areas. This also creates a “green 
density” and stimulates health. Elsewhere, it may be better to think of public transport, so the 
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need to park in the city centers is reduced. In this connection, attractive walking and cycling 
paths should be established, which connect the city center with its inner periphery. If people 
can go and cycle between houses, work, institutions and leisure facilities on beautiful and 
safe trails, more people will want to choose an excellent transport to the short distances. The 
edges of the city can be of great importance to health. One would think it was the most natural 
thing in the world to run or cycle the trip in green surroundings, at least for those living in a 
smaller city. But much of the land surrounding the cities is used for agriculture or other busi-
ness purposes. When planning new housing quarters, it is essential from the start to think of 
healthy and recreational path systems into plans for the benefit of the entire city.

4.2. Applying for sustainable model theories in planning and design city processes

This requires an active application of the “Integrated Approach” idea into urban development 
processes, where integrated urban development policy is a simultaneous and fair consider-
ation of all issues and concerns relevant to urban development. Integrated urban development 
policy is a process that coordinates critical spatial, sectoral and temporal matters. The involve-
ment of economic factors, stakeholders and public opinion is essential. Integrated urban 
development policy is a vital status for implementing the UN’s Sustainable Development 
Strategy. Its implementation of a requirement of a holistic world dimension, however, must 
take into account local conditions and needs based on the principles of subsidiarity.

Establishing a balance between the various interests of urban actors, supported by integrated 
urban development policy, is a viable basis for a consensus between the state, regions, cit-
ies, citizens and economic actors. Putting together knowledge and financial resources, public 
funds that are always insufficient can be used more efficiently.

Integrated Urban Development Policy involves actors outside the administration and enables 
citizens to play an active role in shaping their living environment. At the same time, these 
measures can provide more certainty regarding planning and investment. We recommend 
cities from all over the world to develop integrated urban development programs for cities as 
a whole. These implementation-oriented planning tools must have the following roles:

• describe the qualities and defects of cities and neighborhoods, based on an analysis of the 
existing situation;

• define realistic development objectives for the urban area and develop a coherent vision 
of the city;

• to coordinate technical and sectoral plans and policies related to the various regions of the 
city and to ensure that planned investments will help to promote a balanced development 
of the city and the surrounding area;

• to coordinate and to focus from space the use of funds by public and private sector;

• be organized at the local and regional level and involve citizens and other partners who can 
make a substantial contribution to the qualitative modeling of the economic, social, cultural 
and environmental future of each area.
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Coordination between local and regional levels needs to be strengthened [13]. The aim is to 
establish at a regional and metropolitan level a balanced partnership between cities and rural 
areas as well as between small, medium and large cities. Urban policy issues and decisions 
can no longer be viewed in isolation at the level of each city. Our cities must be focal points 
for the development of the regions and take responsibility for territorial cohesion. That is why 
it would be useful if our cities were to work more closely in the network globally. Integrated 
Urban Development Policy provides a set of tools that have already proven their worth in 
many cities, which it can offer an efficient and cooperative management structures. These are 
indispensable for increasing the competitiveness of cities from the devolved countries. They 
facilitate early and timely coordination between economic, infrastructure, real estate and 
service development, taking into account, among other things, the impact of existing social 
trends on seasonal and population aging trends and energy policy conditions. To achieve the 
planned objectives and policy, it is important to consider that the following action strategies 
to be of crucial importance for improving the competitiveness of devoted world cities.

4.2.1. Greater sustainability requires both cultural and technical conversion

It is necessary to continue to safeguard the conservative buildings and cultural environments 
in the cities and promote new beautiful architecture. We must also create urban spaces that 
are strange and exciting to live in. Here, climate change can help us. More rainfall and warmer 
rainfall mean that more massive amounts of rainwater will be wasted when the large, fortified 
areas characteristic of the towns prevent rainwater from slipping into the soil [13]. Rain can be 
collected in artificial lakes or ponds that can prevent flooding. The reduction can be increased 
with more green areas, plantings and coatings that allow rainwater to sip down to ground-
water. In this way, we can mitigate the effects of climate change while strengthening both the 
blue and the green flair of the cities. The city’s buildings can also be used in the fight against 
climate change. It is technically possible to build houses, with sound building materials and 
houses that do not use energy but produce it. This is primarily about spreading knowledge 
about the type of construction.

4.2.2. Integrity and innovation in planning

Applying positive criteria of sustainability means creating sustainable cities is about recon-
ciling and balancing many interests. The municipal reform has meant larger municipalities 
with many different urban communities. It can contribute to the fact that the cities increas-
ingly have different roles, can complement each other instead of neighboring two former 
municipalities to compete and should be able to do the same. It requires holistic orientation, 
innovation and attitude changes.

4.3. Creating and securing respectable quality of public spaces

It is all the places in the community where there is access and where people are allowed to 
move freely outside the four walls of the home. There may be streets and alleys, educational 
institutions or meetings that may be more or less public. However, it is also the rooms that 
are carried by media of all kinds, which contain public debate and other expressions and 
where there is public access. Here, people may more or less be involved, and so it can be 
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controversial. A prominent area is the public institutions where schools, kindergartens and 
jobs are found. The quality of public spaces, urban anthropic landscapes, architecture and 
urban development play an important role in the living conditions of city citizens. These local 
characteristics are important for attracting businesses in the knowledge industry, a creative 
and skilled workforce and for tourism.

4.4. Applying for green and healthy urban transformations

Trees and green areas have many advantages; they relax the stressed eyes. Trees and plants not 
only purify the air but also lower temperatures in the big cities in the summer months. Plants 
help to drain rainwater, thus reducing the need for other and perhaps more expensive solutions. 
Therefore, it does not play just a role in the urban transformation that should have a green dimen-
sion. Also, the existing city can be developed to make it greener and greener—for example, think-
ing of green roofs and green facades. Contrarily, changes in business structures create a natural 
need to transform past, often centrally located industrial areas into new types of jobs, for pri-
vate and public services or for housing [14]. At the same time, there is also the need for a useful 
framework for the companies that remain in the city. When the major cities are transformed, it is 
essential to think about both the green and the health and to adapt the solutions to modern people. 
When laying parks and green fields on former industrial areas, it is essential that they are designed 
in such a way that the city’s users and residents can quickly get a run or organize a ball game.

4.4.1. Objectives of using recycling materials model

Growing mountains of waste and eutrophication of the garden are two of the environmental 
problems that life in metropolitan areas can cause if politicians and civil servants do not work 
deliberately to end the cycle in the city. Working to make all residents easily sort their waste 
and leave it at places near the home is an important part of the material cycle. Well-functioning 
water treatment plants that take care of and clean the water from different chemicals and 
nutrients before it flows into the sea are also important. The sludge from the purification 
plants can partly be used in the production of biogas, and if it is sufficiently clean from poison, 
it is possible to return to farmland as manure.

These tasks require special attention in cities:

• Water and drainage

• Transport and communications

• Energy

4.5. Modernizing infrastructure networks and increasing energy efficiency

An essential contribution to improving living conditions, environmental quality and the 
creation of favorable factors for commercial locations can be ensured through sustainable, 
 accessible and affordable urban transport with coordinated links to urban and regional trans-
port networks [14]. Particular attention should be paid to traffic management and intercon-
nection of modes of transport, including cyclists and pedestrians. Urban transport needs to 
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be adapted to different housing, work, environment and public space requirements. Technical 
infrastructure, especially water supply, sewerage network and other urban networks, needs 
to be improved and adapted to changing needs in order to meet future demands and ensure 
quality in urban living. The key requirements for the sustainability of public utilities are 
energy efficiency, rational use of natural resources and economic efficiency in operation.

Analysis of possibilities for 2020 indicates that the developed countries can reduce their 
energy use by about 50%, while the developing countries with largely unchanged energy con-
sumption per capita could reach a tangible standard equivalent to the one we had in Western 
Europe in the 1970s. The condition is that energy efficient technologies must be used in both 
developed and developing countries [15].

4.5.1. Energy efficiency in combater of climate change

The energy efficiency of buildings needs to be improved. This concerns both existing and new 
buildings. Renovating existing dwellings can have a significant impact on energy efficiency 
and on the quality of life of residents. Increased attention should be paid to prefabricated 
buildings, old buildings or lower quality buildings. Optimized and efficient infrastructure 
networks and energy-efficient buildings will reduce costs for both businesses and citizens. A 
basis for the efficient and sustainable use of resources is a compact structure of human settle-
ments. This can be achieved through territorial and urban planning that prevents uncontrolled 
urban expansion through strong land supply and speculative development. Urban planning 
strategy to achieve a functional mix between housing, jobs, education and recreational use of 
urban areas has proven to be sustainable. Cities need to help ensure and improve the quality 
of life of their inhabitants and business attractiveness by providing sophisticated informa-
tion and communication technologies in the fields of education, employment, social services, 
health and safety. Technical infrastructure, especially water supply, sewerage network and 
other urban networks, needs to be improved and adapted to changing needs in order to meet 
future demands and ensure quality urban living. The key requirements for the sustainabil-
ity of public utilities are energy efficiency, rational use of natural resources and economic 
 efficiency in operation.

4.5.2. Efficient use of renewable energy systems

The utilization of bioenergy, water and wind power can increase significantly. In the case of 
biofuels, it may be difficult to make the land sufficient for increased energy supplies, while 
the production of food and industrial raw materials must also increase and reach for about 
10 billion people. Solar cells in desert areas could be an opportunity to produce electricity. 
Major and urgent efforts are needed to develop the technology needed for renewable energy 
laws. Various global scenarios for energy supply in 2050 have been made by, among oth-
ers, the World Energy Council (WEC), the World Watch Institute and the Intergovernmental 
Panel on Climate Change (IPCC). In all scenarios, fossil and renewable fuels are used. Most 
of the scenarios still have nuclear power in the energy balance of 50 years, but the share 
of nuclear power of total energy supply is less than today. Much of fossil fuels will still be 
used. The natural gas dominates coal and oil in all future images and, according to the World 
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Watch Institute, is by far the only fossil fuel remaining in 2050. The energy scenarios do not 
determine whether they are compatible with sustainable development or not [16]. In gen-
eral, the vision of a multifaceted architecture shows that it is necessary to design and work 
cooperatively with an architectural theory to transform the lateral conceptual viewer of the 
multilateral design process [17].

4.5.3. Efficient use of local energy systems

Local energy systems can be used in many places. Energy system means the recovery and 
storage of energy in the form of heat from the ground. The design of the building may be 
controlled by any local energy system. For faced the future energy shortage, it is required to 
recognize all survived opportunities. In this context, it is necessary to consider all existent 
possibilities [15, 16].

4.5.4. Efficient uses of geothermal energy

Geothermal energy is the heat energy stored in the Earth’s crust and flows out to the 
ground. The heat comes mainly from radioactive decomposition. The geothermal gradient 
varies from place to place. In Nordic countries, such as Sweden or Denmark, the sedimen-
tary bedrock has the best conditions, and heat can be recovered using deep drilled wells 
[15, 16].

Soil heat utilizes heat energy from the sun and rain stored passively in the ground. The heat 
is absorbed through plastic hoses laid down at 1–2 m depth in which a freeze-dried liquid 
circulates. The heat is then recycled using a heat pump. To heat a small house, a surface area 
of 400–600 m2 is required. If the hoses are laid above the groundwater surface, fine-grained 
soils that hold the moisture are well suited. Silt should be avoided due to the risk of fire. 
If the hoses are laid under the groundwater, water is important, so that coarse grains are 
preferable [15].

4.6. Proactive innovation and educational policies

Cities are places where knowledge is created and shared. Exploiting the full potential of 
knowledge in a city depends on the quality of day care and school education, the transfer 
of opportunities offered by education and training systems, social and cultural networks, 
 opportunities for lifelong training, the excellence of university education and research 
institutes and the existing transfer network between industry, the business sector and the 
scientific community. Integrated urban development policy can help improve these fac-
tors, for example,  bringing together all stakeholders, supporting networks and optimizing 
infrastructure. Integrated urban development promotes social and intercultural dialog [18]. 
Integrated urban development strategies, participatory urban management and good gover-
nance can help to make effective use of the potential of European cities, particularly in terms 
of competitiveness and growth, and to reduce disparities between and within neighborhoods. 
These integrated urban development strategies bring citizens the opportunity of social and 
democratic participation.
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4.7. Applying for new business for new opportunities

Business development in the last two to three decades has been of major importance for urban 
development. Retail trade is an important factor in urban life. Wherever shops are placed, 
they dramatically affect traffic and trade patterns. Large sections of the industry have moved 
or disappeared, more may follow in the coming years. The abandoned industrial areas at 
the ports, in the city center or in their periphery open up opportunities for building closer 
and greener for the benefit of both city life and sustainability. Shipping and fishing have 
also changed; therefore, in many port cities, it is necessary to consider how the areas can be 
recycled. Even though many jobs have been closed, even population of people has increased. 
It is typical in industries that do not pollute or disrupt. There are industries that can be more 
easily mixed with, for example, housing, and can contribute to a good urban environment. 
This makes it necessary to consider whether existing rules and planning traditions to regulate 
coexistence between businesses and housing are still appropriate [19]. There are also profes-
sions that necessarily have to be in the cities and in the ports. Many of these companies are 
venture companies that cannot be instantly integrated with homes and other common urban 
activities. It is essential to ensure that these companies can continue to function and develop, 
and it must be ensured that there are sufficient safety distances around these companies—for 
the sake of both the companies themselves and their neighbors. It also means that the ports 
should not only be emptied for business and converted into, for example residential areas [20].  
There is still a need for ports and shipping.

4.8. Paying attention to underground construction concept

In many countries such as Japan, Malaysia and China, planning to take advantage of surfaces 
of the inner parts more effectively have begun in these countries. A solution for creating a 
sustainable future for the Earth’s growing population is building on several floors, that is, to 
use surfaces above and below ground level. The compact city is seen as a model for future 
low-energy society. Japan, for instance, are looking at building whole cities down the moun-
tain. The most important subject which required a clear answer is a way to cope with the 
transport problems in the largest cities. In order to accommodate all the facilities needed in 
the metropolitan areas, underground construction is being increasingly used for warehouses, 
business centers, shelters and facilities for work, leisure and cultural activities [21]. There 
are obvious environmental benefits. When an underground project is to be evaluated in an 
environmental impact assessment way, the aforementioned option should also be evaluated 
environmentally.

4.9. Paying particular attention to “negative areas” in the context of the city as a 
whole

Cities face major challenges, particularly in connection with changes in economic and social 
structures and globalization. Specific issues, among others, are a high unemployment rate 
and social exclusion phenomena. Within a city, there may be considerable differences not 
only in terms of economic and social opportunities but also in terms of the quality of the 
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environment between the different areas of the city. In addition, social inequalities and differ-
ences in levels of economic development of the areas continue to increase, which contributes 
to the imbalance. A policy of social integration that contributes to reducing inequalities and 
preventing social exclusion will be the best guarantee for maintaining security in our cities. 
In order to achieve the objectives of social cohesion and integration within cities and urban 
areas, a good conception of housing policies is needed [22]. It is better to heed early warning 
signals and to take immediate and effective measures to remedy the situation as this approach 
saves resources. If an area has begun decaying, the cost and difficulties of returning that area 
to the waterline may often be higher. The government must provide the general framework 
and rehabilitation incentives for the inhabitants of the affected areas. Active involvement 
from residents and a better dialog between politicians, residents and economic actors are 
essential to finding the best solution for each disadvantaged urban area. It is believed that the 
following action strategies, included in an integrated urban development policy, are crucial 
for deprived urban areas.

4.10. Remarkable attention on sustainable solution of “Transport in the city”

The world’s largest cities have very bad air quality. Traffic jams are common in cities 
worldwide, including the majority of the in some countries. In big cities, it is common that 
people travel several hours daily in order to access the workplace. The level of motoring 
has in many places reached a point where the problems are no longer possible to accept. 
Today, there are hundreds of millions of motor vehicles in the world, and many hundred 
thousands of people are killed on the roads each year [23]. In some countries, the goal is 
for every household to get a car. The trend in many countries is that the number of cars 
increases as income increases, households are divided and cities are expanding. Another 
problem is the poor connectivity between human settlements due to the poor quality of 
road infrastructure. Agenda 2030 addresses these issues by upgrading the transport system 
so that it can better connect cities and settlements and make it affordable, including finan-
cially and durable, to ensure that all world citizens benefit from the urbanization process. 
The focus is also on increasing access to green and public spaces, reducing the negative 
impact of cities on the environment per capita and reducing direct economic losses caused 
by disasters.

4.10.1. Suburbans have to connect with the cities objectively

The oldest suburbs were based on modes such as trams, city busses and trains. The newer 
suburbs are often based on the car as the dominant mode of transport. The vehicle is a mini-
mal sustainable mode of transportation—especially if it only has the driver on board. The 
most of the crowds on the landing roads and in the big cities come from the suburbs. The 
suburb of the future must also be based on modes other than the car. Suburbs can be con-
nected to the city center with light railways or modern trams that can transport a lot of 
passengers with a modest width. In other places, frequent and fast buses can reduce the need 
for driving. Attractive bicycle parking at stations and stops can encourage more to use bus 
or train.
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4.7. Applying for new business for new opportunities
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4.10.2. Local stations in the suburbs

However, the vehicle cannot be avoided. On the other hand, it can be used more appropri-
ately. Municipalities with suburbs can build larger parking spaces at the local stations in 
the suburbs, thus encouraging the drive not to go all the way to work or to the city center. 
They can promote partial arrangements and intercourse, resulting in fewer cars on the 
streets.

4.10.3. Using of subways as environmental solutions

The interest in concealing road traffic is increasing in the century with environmental require-
ments. One way is to build tunnels. Many of the world’s most complex tunnel projects are 
conducted in Asia’s fast-growing metropolitan areas. There are many examples of traffic 
tunnels in several floors, subways, tunnels for district heating, telephone lines and so on. 
Subways are expected to be very important in the future. In many areas, there are also plans 
for car traffic in tunnels, including in Stockholm. All technical systems that utilize pipes or 
pipelines are built underground for its distribution network: telecommunications, electricity, 
district heating, gas, water and sewage [24].

4.10.4. Promote efficient and cheap urban transport

Many disadvantaged neighborhoods also lead to the lack of transport links and environmen-
tal influences, which are likely to reduce their attractiveness. The development of an efficient 
and inexpensive transport system will provide residents of these neighborhoods with oppor-
tunities for mobility and equal access to those of other citizens. To achieve this, transport 
planning and traffic management in these areas must progressively reduce the negative 
impact of transport on the environment and organize transport in a manner that integrates 
these neighborhoods into the city and region as a whole. Suitable networks for pedestrian 
traffic and cyclists will be useful for this purpose. The better we manage to economically 
stabilize disadvantaged areas, integrate them socially and improve the physical environment 
and transport infrastructure, the greater our chances are that our cities will remain points of 
social progress, growth and innovation [25].

4.11. Activation of training education policies for children’s and young’s residences

A crucial starting point for improving the situation of disadvantaged areas in cities is to 
improve the situation of education and training in local communities in line with proac-
tive policies focused on children and young people. More opportunities for education and 
training should be provided for disadvantaged areas, and they must be tailored to the needs 
and deficiencies of children and young people in those areas. Through a policy focused on 
 children and young people built to the requirements of the social area in which they live, we 
must contribute to increasing the chances of children and young people living in deprived 
areas to achieve and provide equal opportunities in the long run.
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Abstract

Eco-cities concepts are relatively new initiative launched by the World Bank, to help 
cities in developing countries realise ecological, social and economic sustainable future. 
Furthermore, with growing severe climatic events such as the rise in global temperature, 
flooding, wild land fires, and sea level rise, there is an urgent need to adopt sustainable 
and ecological design principles for the development of future cities. Egypt, one of the 
developing countries and third largest populated nation in Africa, is currently facing 
a series of threats. These include limited access to natural resources in relation to the 
population size and economic growth. In addition to the continuous challenging climate 
change implications. Despite that, till now there are no clear laws or legislation for eco-city 
design and construction. In this manuscript, we are trying to lay hands on hidden poten-
tials and analysing successful private initiatives for existing eco-communities in Egypt. 
We adopted the analytical case study method tackling different aspects like renewable 
energy, permaculture, eco-sanitation, solid waste management, vernacular architecture, 
green transportation and green economy. The research contributes by critically analys-
ing such attempts and concludes with design recommendations and strategies on how to 
reach an environmentally enriched, healthier, resilient and socially rewarding zero-carbon 
cities, running on their own locally available resources for the Egyptian cities.

Keywords: zero-carbon eco-cities, urban future, green urbanism

1. Introduction

Cities alone account for 78% of anthropogenic carbon emissions [1]. In the developing world, 
cities produce and consume at higher rates than rural areas per capita [2], and accordingly 
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account for an unbalanced share of greenhouse gas emissions. Let alone that the majority 
of urban south cities with coastal location with high concentration of economic activity and 
population [3] are the most vulnerable to the effects of climate change. In short, cities and 
consequences of human settlements are at the core of the problem, both in terms of carbon 
emissions at sources, and in terms of the effect of global warming. Low- and zero-carbon city 
design and planning can play a crucial role in reaching global targets in CO2 reduction, ensur-
ing long-term energy security and reducing the impacts of climate change worldwide [3].

Egypt like many other several developing countries is facing a series of threats related to 
limited access to natural resources in relation to the population size and economic growth 
and energy poverty. All that had a strong influence on urban development and planning. 
Directing future development out of the narrow Nile valley and Delta becomes indisputable. 
The future urban development plans in Egypt for 2050 aim at spreading development over 
40% of Egypt’s area to exploit available natural resources and provide around 20 million job 
opportunities [4]. Other key concerns now in Egypt are climate change and moving towards 
a zero carbon era. This is a growing concern with Cairo being the most polluted capital in the 
Middle East, and according to the World Health Organisation [5], the second most polluted 
large city in the world in 2018. However, the majority of researchers and designers now throw 
around the terms eco-cities and eco-economy without clues on how to achieve them.

On a very limited scale in Egypt, few pilot settlements were early focusing on environmental sus-
tainability, using renewables and eco-friendly building construction methods which have given 
such settlements a vital edge within national competitive sustainable communities. The majority 
however are private initiatives like Basata in Sinai, Tunis in Fayoum, El Basaysa in Sharkeya and 
New Basaysa in Ras Sedr. Only one so far is a governmental initiative named productive, low-
cost and environmentally friendly village (PLEV) which is still in its study phase. When it comes 
to rating systems and assessment tools to achieve the objectives of the eco-cities, unfortunately 
the Egyptian rating system the Green Pyramid is still on hold, and even if it reached the action 
stage, it did not include any chapters for sustainable communities or eco-cities.

This study comes aligned with the new government decision for building a new capital city in 
new Cairo and another millennium city called New El Alamein. The proposed designs are tar-
geting the wealthy minority and prioritise self-determination without looking at affordability, 
low-impact living and equality. Investing in green infrastructure especially when it comes to 
water conservation together with applying energy-efficient building design strategies was not 
of a concern. Hence, there is a great demand and need for a discrete code or guideline to help 
in designing and assessing new or existing cities. There is also a necessity for transdisciplinary 
eco-guidelines for our contemporary and future eco-city design and planning. But how can we 
design a community that is both liveable and sustainable is a key question that this study is 
trying to answer by filling in this gap in national codes and rating systems and showing broad 
lines for a pathway towards zero-carbon eco-city design in Egypt. It draws upon three case 
studies for private eco-communities in Egypt which are considered as pilot initiatives. Here we 
are analysing the three case studies and showing different design elements and drawing recom-
mendation that can be used as a set of design framework for an eco-city model in Egypt like 
renewable energy, permaculture, eco-sanitation, solid waste management, vernacular archi-
tecture, traffic and green transportation, green economy and small/micro enterprises. Basata, 
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Habiba and El Gouna eco-communities were used as examples chosen as pilot projects, and 
they represent serious attempts in applying low-impact strategies and zero-carbon principles 
in sustainable building and community design. The three cases were also selected because they 
represent unique examples for an eco-community with an underlying philosophy of commu-
nity behaviour and cultural understanding. They are designed, developed and managed in an 
environmentally sensitive manner. The main common philosophy was devised in response to 
the desire to preserve the nature with minimal carbon footprint. This analytical study contrib-
utes by drawing a vision of what a future sustainable zero-carbon eco-city in Egypt could look 
like.

2. Case study methodology

The study applied qualitative comparative analysis approach using case study methodol-
ogy. The methodology comprises an in-depth literature search for previous work on eco- and 
zero-carbon cities to scan the field and understand where the Egyptian situation lays within 
the modern approaches in eco-cities notions. In this phase, we took a look at current policies 
of city development in Egypt, especially for the new capital and new El Alamein city. We also 
scanned for existing design and planning notions and looked at current examples to study. 
Three cases were then selected and analytically compared to each other to deduce lessons 
learned  for possible recommendations for future city designs.

The three case studies represent private initiatives for pilot models for eco-communities in 
Sinai Peninsula in the northeast part of Egypt. They were chosen because they show a good 
mix of low-tech and high-tech building methods using available local materials. They also 
represent community-driven versus business-driven design approaches. During the case 
study investigation process, we carried out several site visits and interviews with the projects’ 
owners and some of the workers and inhabitants/visitors. That was one main tool to collect 
the needed information and materials needed for the study. The projects managed to apply an 
array of low-impact and sustainable core principles for eco-communities but not necessarily 
that they have succeeded in all. As they are located in the same geographical zone, they also 
share the same climatic zone which is mild costal arid climate with harsh summer season. It 
was easy to compare the climate responsive solutions if any. We have picked the successful 
best practices and analysed them to drive key design applications that can be considered a start 
for a pathway towards eco-communities in Egypt. The aim is reach to a set of recommendation 
for principles that are low-cost, low-impact and can be community-driven and managed.

3. The four pillars of sustainability

As a known aim, sustainable development looks to improve the quality of life while preserv-
ing the Earth’s natural resources [6]. There are three main pillars for sustainable development, 
which were first defined during the Development Congress in Johannesburg in 2002 and 
were later on further enhanced by scholars. These are the social, economic and environmental 
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account for an unbalanced share of greenhouse gas emissions. Let alone that the majority 
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eco-guidelines for our contemporary and future eco-city design and planning. But how can we 
design a community that is both liveable and sustainable is a key question that this study is 
trying to answer by filling in this gap in national codes and rating systems and showing broad 
lines for a pathway towards zero-carbon eco-city design in Egypt. It draws upon three case 
studies for private eco-communities in Egypt which are considered as pilot initiatives. Here we 
are analysing the three case studies and showing different design elements and drawing recom-
mendation that can be used as a set of design framework for an eco-city model in Egypt like 
renewable energy, permaculture, eco-sanitation, solid waste management, vernacular archi-
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represent community-driven versus business-driven design approaches. During the case 
study investigation process, we carried out several site visits and interviews with the projects’ 
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was easy to compare the climate responsive solutions if any. We have picked the successful 
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As a known aim, sustainable development looks to improve the quality of life while preserv-
ing the Earth’s natural resources [6]. There are three main pillars for sustainable development, 
which were first defined during the Development Congress in Johannesburg in 2002 and 
were later on further enhanced by scholars. These are the social, economic and environmental 
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pillars [7–9]. Economic sustainability calls for integrated approach that allows long-term 
growth while ensuring that no nation is left behind [6]. The utilisation of resources should not 
affect future income, allowing equity of resources for all generations, distributional equity 
and economic activity that are concerned with ecological aspects [9–11]. In terms of environ-
mental sustainability, this refers to preserving natural resources for future generations and 
ensuring that natural resources are well managed and are being used with a suitable rate that 
would allow for regeneration of resources for the future [9, 11]. Social sustainability involves 
social cohesion [12], continuity of social values, identities and relationships and the sustain-
able presence of health, education, food, water, healthcare, and housing for all people [6, 9].

Moreover, recent literature indicates the importance of adding a fourth pillar for sustainable 
development, which is culture [13]. Cultural sustainability has seven main aspects that should 
be considered: heritage, vitality, economic viability, diversity, locality, eco-cultural resilience 
and eco-cultural civilisation [13]. Culture has previously been considered a part of social sus-
tainability, including aspects such as equity, participation, awareness of sustainability, behav-
iour and preservation of sociocultural patterns, social capital, social infrastructure, social 
justice and equity [13]. However, culture is not yet included; thus, some scholars consider 
social and cultural aspects to be closely interconnected, as cultural values can influence social 
life. Furthermore, culture can actually be viewed as a necessary condition upon which all other 
aspects of social, economic and environmental sustainability can take place [13] (Figure 1).

4. Eco, zero-carbon and productive cities: history and development

Various academics have put together definitions and theories for an eco-city. The term ‘eco-city’ 
was first coined by Richard Register to describe a city where human beings can exist in har-
mony with nature therefore greatly reducing our ecological footprint [14]. It is also described 
as a combination of many innovative design and planning ideas, each of which complement 
each other to form a reliable, amalgamated public environmental and climate-responsive com-
munity [15]. In an eco-city, science and industry collaboratively work hand in hand to achieve 
technical innovations, quality development and strong, long-term employment of its inhabit-
ants [16]. It is a comprehensive and transdisciplinary concept and an amalgamation between 
science and technology, municipal policy and responsible citizenship [15]. It had been dis-
cussed in discourse that management of the environment is a key factor in local economy of 
eco-cities concepts together with other decisive factors such as culture, climate, and landscape 
coupled with locals’ lifestyle and their ambition for a better quality of life [17]. An eco-city is 
much more than a few buildings that are energy-efficient. It is a complete design package that 
examines every element of human interaction with nature and positions that interaction in a 
way that humans have much less impact on the activities of other life forms [18].

Figure 1. The four pillars of sustainability.

Sustainable Cities - Authenticity, Ambition and Dream28

Over the last decade, both researchers and academic have been arguing around interdisci-
plinary concepts of eco and sustainable cities. There are many wicked and interconnected 
challenges like fuel poverty, climate change and ecosystem degradation intensively discussed 
in the discourse. Many have drawn concerns about low-impact design approaches and how to 
make low-carbon transition and reduce carbon footprint [19]. Others focus on eco-urbanism, 
while many others tackle the notions of zero-carbon and recently post-carbon together with 
finding ways to understand new forms of carbon on calculations through carbon value change 
[20]. Nevertheless, researchers had pinpointed that towards a road map for post-carbon cities, 
we should adopt multiple solutions than can work on different scales, starting from planning 
fundamentals till building a sense of community and calling for mainstream policies of urban 
development [21]; others highlighted the importance of community-led approaches towards 
low-carbon urban governance [22] and more chances for grassroots policies [23]. In the end, 
the idea is how to design a community that can become low- to no carbon starting from con-
struction phases till operation. Furthermore, to be able to depend mainly on renewables in 
producing energy while taking into consideration other main key principles like transporta-
tion and land use and energy consumption. It is becoming evident now that societies with less 
dependence on fossil fuel resources decarbonise their energy, necessitate occupants’ behav-
iour change and value perception. In addition, more effort is needed to adapt new technologi-
cal innovation for energy saving [24]. That also should not be neglected towards defining a 
clear road map for zero-carbon societies.

The concept of productive cities introduces the idea that cities integrate several approaches 
that would allow them to generate their own energy and resources. This could include water, 
food and energy production. This is becoming quite important with the growing increase in 
food and water security problems all over the world, due to agricultural land being converted 
to residential and industrial areas [25]. Furthermore, after the industrial revolution, infrastruc-
ture systems increased, and many transportation systems improved, ultimately leading to 
greater urban growth. This allowed distances to be less restrictive, and cities no longer had 
to be situated next to their needed resources [26]. As a result, more cities have depended on 
importing their raw materials, food and energy, using them inefficiently and producing a 
great amount of waste. Moreover, there has been an increased dependence on fossil fuels for 
energy, which are being consumed in a rate that is much higher than their generation [26]. 
Thus, in order to ensure sustainability, it is imperative that future cities become places of pro-
duction [25]. A sustainable urban planning approach is needed that would enable inhabitants 
to make use of available local renewable resources and be productive of their own food and 
energy [25, 26].

In terms of food production, there has been growing attention to the concepts of productive 
urban landscapes and urban agriculture [27, 28]. Productive urban landscapes are all open 
urban spaces that are planted in a way to be productive either environmentally or economically. 
This could include their use for food production from urban agriculture, removing pollutants 
from the atmosphere, maintaining biodiversity or simply improving the urban microclimate 
from trees [27]. Urban agriculture is mainly concerned with the growing of food and raising of 
animals for food in areas within or around the city [29]. Food growing can be on the ground, 
on roofs, in the building facades as vertical green walls or at fences and boundaries [27]. Recent 
research indicates that this can actually have several benefits for cities. This includes enhancing 
urban food security, providing job opportunities, urban greening of the city and giving an 
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and eco-cultural civilisation [13]. Culture has previously been considered a part of social sus-
tainability, including aspects such as equity, participation, awareness of sustainability, behav-
iour and preservation of sociocultural patterns, social capital, social infrastructure, social 
justice and equity [13]. However, culture is not yet included; thus, some scholars consider 
social and cultural aspects to be closely interconnected, as cultural values can influence social 
life. Furthermore, culture can actually be viewed as a necessary condition upon which all other 
aspects of social, economic and environmental sustainability can take place [13] (Figure 1).

4. Eco, zero-carbon and productive cities: history and development

Various academics have put together definitions and theories for an eco-city. The term ‘eco-city’ 
was first coined by Richard Register to describe a city where human beings can exist in har-
mony with nature therefore greatly reducing our ecological footprint [14]. It is also described 
as a combination of many innovative design and planning ideas, each of which complement 
each other to form a reliable, amalgamated public environmental and climate-responsive com-
munity [15]. In an eco-city, science and industry collaboratively work hand in hand to achieve 
technical innovations, quality development and strong, long-term employment of its inhabit-
ants [16]. It is a comprehensive and transdisciplinary concept and an amalgamation between 
science and technology, municipal policy and responsible citizenship [15]. It had been dis-
cussed in discourse that management of the environment is a key factor in local economy of 
eco-cities concepts together with other decisive factors such as culture, climate, and landscape 
coupled with locals’ lifestyle and their ambition for a better quality of life [17]. An eco-city is 
much more than a few buildings that are energy-efficient. It is a complete design package that 
examines every element of human interaction with nature and positions that interaction in a 
way that humans have much less impact on the activities of other life forms [18].
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fundamentals till building a sense of community and calling for mainstream policies of urban 
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tion and land use and energy consumption. It is becoming evident now that societies with less 
dependence on fossil fuel resources decarbonise their energy, necessitate occupants’ behav-
iour change and value perception. In addition, more effort is needed to adapt new technologi-
cal innovation for energy saving [24]. That also should not be neglected towards defining a 
clear road map for zero-carbon societies.

The concept of productive cities introduces the idea that cities integrate several approaches 
that would allow them to generate their own energy and resources. This could include water, 
food and energy production. This is becoming quite important with the growing increase in 
food and water security problems all over the world, due to agricultural land being converted 
to residential and industrial areas [25]. Furthermore, after the industrial revolution, infrastruc-
ture systems increased, and many transportation systems improved, ultimately leading to 
greater urban growth. This allowed distances to be less restrictive, and cities no longer had 
to be situated next to their needed resources [26]. As a result, more cities have depended on 
importing their raw materials, food and energy, using them inefficiently and producing a 
great amount of waste. Moreover, there has been an increased dependence on fossil fuels for 
energy, which are being consumed in a rate that is much higher than their generation [26]. 
Thus, in order to ensure sustainability, it is imperative that future cities become places of pro-
duction [25]. A sustainable urban planning approach is needed that would enable inhabitants 
to make use of available local renewable resources and be productive of their own food and 
energy [25, 26].

In terms of food production, there has been growing attention to the concepts of productive 
urban landscapes and urban agriculture [27, 28]. Productive urban landscapes are all open 
urban spaces that are planted in a way to be productive either environmentally or economically. 
This could include their use for food production from urban agriculture, removing pollutants 
from the atmosphere, maintaining biodiversity or simply improving the urban microclimate 
from trees [27]. Urban agriculture is mainly concerned with the growing of food and raising of 
animals for food in areas within or around the city [29]. Food growing can be on the ground, 
on roofs, in the building facades as vertical green walls or at fences and boundaries [27]. Recent 
research indicates that this can actually have several benefits for cities. This includes enhancing 
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opportunity to use urban organic waste as a resource [29]. Compost production, vermiculture 
and irrigation are all examples of using urban wastes into productive resources [29]. Mougeot 
[30] also asserts that it is a vital part of the urban economic, social and ecological system.

Furthermore, productive urban landscapes can be in the form of vertical landscapes as well 
[25, 27]. Vertical landscapes include the placing of vegetation vertically against the building 
façade. This can act as a second skin that may not only be used for food production but also can 
have environmental benefits as well [27]. This will be made easier in high-rise towers through 
the use of photovoltaic cells that would allow vertical farms to be self-sufficient and sustain-
able. This is because providing sufficient lighting to mimic the sunlight and water pumping for 
irrigation are usually the main energy concerns in vertical farming [25, 31]. In terms of energy, 
Leduc and Van Kann [26] proposed a sustainable urban energy planning approach to create 
productive urban regions. Leduc and Van Kann [26] concluded that urban harvesting should 
be used as a planning approach, to transform urban regions into more productive areas. 
This includes taking into consideration local materials and resources and harvesting them to 
minimise any imports, while waste is identified as a valuable asset. Furthermore, resource 
consumption patterns in cities are closely linked to urban functions. Therefore, description of 
urban functions is indicated as an important aspect that can help provide valuable information 
about local resource demand and availability [26].

5. Three case studies: description and analysis

We start here by introducing Basata, Habiba and El Gouna, the three cases studies chosen for 
this analytical part. Basata is an eco-lodge for tourists’ activities with a main goal of support-
ing the Bedouin local community located in Nuweiba in South Sinai, Egypt. The eco-lodge 
includes main residential units and an educational centre that gave the chance to the local 
Bedouins to have access to basic education which is lacking in that remote part of Sinai. It 
attempts to create a special self-sustained eco-community around the main activity of tour-
ists’ units (huts and chalets) that has a relatively low impact on the surrounding environment 
and the native inhabitants (Figure 2).

Habiba is an agricultural-based community farm located in Nuweiba as well. The community 
is composed of a beach eco-lodge, an organic community farm and a learning centre that 

Figure 2. The three case studies analyzed in this study.
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provides after-school education for local Bedouin children. The Habiba community advo-
cates the idea of ‘agritourism’ and fosters the idea of international exchange in this aspect. 
It encourages having tourists and international specialists to come stay with them for a few 
months to share their experience in organic desert agriculture or to conduct research and 
experiments. Furthermore, the community also created the ‘Sinai Palm Foundation’, which 
is concerned with the expansion of palm date agriculture in the Nuweiba area. Moreover, 
the Habiba community partakes in different endeavours with partners, organisations and 
universities from all over the world to help in building their sustainable desert community 
in Nuweiba.

As for El Gouna, it is a small community spreads over 10 million m2 of unspoiled terrain with 
10 km of pristine beachfront located on the coast of the Red Sea, 25 km north of Hurghada. It 
contains residential area such as hotels, resorts and housing area together with public build-
ings such as universities, schools and libraries and finally the commercial and services area. 
On the other hand, El Gouna is to a great extent a gated community, with guarded entry 
gates surrounding the community. It is divided up to several parts; the island of El Kafr, the 
downtown area, the Marina area, and the workers’ residential quarters. El Kafr mostly holds 
residential units. The downtown area is the main commercial zone, devised of several shops, 
restaurants, low profile residential areas. The Marina area holds two artificial bays with a 
waterfront walkway that has several small buildings (Figures 3 and 4).

Figure 3. The urban layout and the arrangements of huts and chalets in Basata showing the footprint and low density.

Figure 4. To the left sample of architecture style at EL Gouna and the right for the trials in using natural materials in 
Habiba.
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5.1. Architecture, building materials and building technology

The main materials used in Basata’s residential units are natural widespread biodegradable 
materials in Egypt like reeds, clay, straw and natural stones. The idea of using mainly using 
reeds, baby bamboo, straw and clay is to reduce the embodied carbon in the construction 
and also in lifetime energy usage. The applied indigenous construction methods reflected the 
local vernacular architecture of the region. The design was a response to cultural and social 
aspects as well. The main notion is emphasising the special character of the desert architec-
ture and avoiding using any materials that can harm, pollute the environment or have high 
embodied energy together with eluding the use of any heavy construction equipment to avoid 
noise pollution during construction. For both El Gouna and Habiba, there are serious trials in 
using natural materials mainly stone, wood and clay, but the majority of the structures in both 
are manually using conventional materials like cement and fired bricks. In Habiba, they had 
examples of rammed earth construction, buildings with straw and buildings with recycled 
bottles. Many other building techniques were implemented as research work, as researchers 
can experiment and build their structures for testing and experimentation. In the three projects, 
stones and local materials are used in the hardscape like pathways and benches (Figure 4).

5.2. Passive low-impact strategies

In Basata, several passive strategies were applied for energy-efficient cooling, heating, venti-
lation and natural daylight. The optimal use of natural wind patterns and night flush effect 
together with encouraging cross ventilation reduced the need for air-conditioning or any 
other forms of artificial cooling in summer especially inside the reeds and bamboo huts. While 
in the adobe/stone chalets, the high thermal mass of the walls and high-domed ceilings played 
a major role in reducing heat gains during summer and providing adequate indoor thermal 
comfort all year round. In winter, for example, the warm night sea breeze and thermal mass 
of the chalets stone walls help in providing warm indoor comfort with minimal need to night 
heating. In Habiba, the applications for passive systems were limited, but there were few 
trials in using passive heating systems like Trombe walls, and for cooling they depend mainly 
on cross ventilation strategies using windows and doors crossing each other. In El Gouna, 
they mainly depend on high thermal mass walls. In addition to some roof structures that are 
dome or vault shaped with high ceilings, which help in reducing cooling demands during the 
long summer season. Wind catchers and solar chimneys were used in some of the buildings 
for cooling and ventilation. The same for using passive cross ventilation which is crucial in the 
three projects because of the hot humid weather (Figure 5).

Figure 5. Example for using wind catches as passive cooling strategy in EL Gouna.
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5.3. Waste and water management

Waste sorting has a strict policy in the three projects. In Basata and Habiba, organic food excess 
from cooking and from meals left over are used to feed animals grazed on site. Animal manure 
is used as an organic natural fertiliser for the plants, and it is also used in the clay soil mixture 
in building. For both Basata and Habiba, all solid recyclable materials are sorted and picked 
by a local NGO to the solid waste transfer station in Nuweiba, where they are further sorted 
and sent for recycling in main factories in Cairo. While in El Gouna, all waste is also recycled 
and sent to main waste stations in the nearby area. In the three projects, there is a water desali-
nation plant onsite that produces fresh water and brine water (highly concentrated salt water). 
Also, they apply strict water conservation policy. Fresh water is used in kitchens only for 
cooking and rinsing the dishes, while in the bathrooms only for showering and handwash-
ing. Brine water is used for the rest of purposes like washing the dishes, toilet flush and for 
construction work. In Basata and on some parts in El Gouna, toilets water saving taps are used 
and that helps in reducing water consumption. On average, each person uses from 70 to 100 l 
of water per day, compared to an average of 500 l per person per day in neighbouring tourism 
communities. As for wastewater, it is divided into grey water and black water. Grey water is 
used for irrigating nonedible crops, endemic palm trees and plants. The salty black water goes 
into sealed septic tanks and then is transferred to the main water treatment plant. In Habiba, 
the eco-lodge promotes the ideas of water management and conservation. A waste recycling 
system is also implemented in the eco-lodge but no waste water treatment system.

5.4. Energy resources

Basata and Habiba are located in an off-grid site so as an essential need; they had to start with 
diesel generator as renewable energy which was not feasible in terms of high cost. Now in Basata, 
they started gradually to replace the generators with solar panels for electricity and solar heaters 
for water heating. Energy saving light bulbs are used. In some building units, there are basic 
electric equipment, but no air-conditioners are installed, neither are TV sets, refrigerators nor 
electric entertainment facilities. In winter time, they tend to turn off the electricity generators for 
several hours during the day, since kitchen refrigerators are not in use as much. One of the strat-
egies to reduce light pollution on site is to minimise the outdoor lighting features. For the Habiba 
community, it is concerned with energy and resource preservation. In the eco-lodge, there are 
no electric water heaters for energy conservation, and roof top coolers are used. However, the 
place does not integrate the idea of producing energy whether through solar cells or any other 
renewable means. At El Gouna, some of the buildings use solar water heaters located on the roof 
tops. Also, they have photovoltaic cells for electricity production in some buildings.

In both Basata and Habiba, food production and urban agriculture are, however largely 
implemented through the community organic farm. This provides inhabitants and locals 
with the locally produced organic food thus helping in creating a self-sustained community 
in terms of food production. In Habiba, the focus is more on the agriculture compared to the 
other two projects (Figure 6).

5.5. Green urban spaces and networks

In Basata, specifically, the approach for site planning aims for satisfying living needs and 
changing radically to a more efficient use of land. The site planning reduces the ecological 
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5.1. Architecture, building materials and building technology
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implemented through the community organic farm. This provides inhabitants and locals 
with the locally produced organic food thus helping in creating a self-sustained community 
in terms of food production. In Habiba, the focus is more on the agriculture compared to the 
other two projects (Figure 6).

5.5. Green urban spaces and networks

In Basata, specifically, the approach for site planning aims for satisfying living needs and 
changing radically to a more efficient use of land. The site planning reduces the ecological 
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footprint with a minimal level of urban density. It is easy to cycle or walk and move around 
the place even when there is no specific cycling or walking lanes. One of the main environ-
mental site concerns was but is not limited to preserving the abundant marine life, fauna 
and flora. There is no artificial planting or importing non-endemic flora. Grass is not used as 
ground cover because it requires huge amounts of freshwater and polluting fertilisers.

While in Habiba farms, the green urban spaces are mostly present in the form of the farmed 
desert land. The community organic farm has a variety of home-grown fresh vegetables and 
fruits aiming to green the desert. Furthermore, these fresh organic products are then sold in 
the area’s local market. The idea of permaculture is also promoted, hoping to raise awareness 
on the benefits of organic food production for the local community and the surrounding Sinai 
region. As for El Gouna, the spaces are varying from public, semipublic, semiprivate and 
private according to the function of the buildings around. The green open public spaces are 
not well designed and not distributed enough around El Gouna, except for some soft scape 
around the hotels and the residential areas which act as buffer zone to decrease temperature. 
Generally, open public places such as squares lack shading devices and soft scape (Figure 7).

5.6. Mobility and urban transport

The main idea is to have Basata as a car-free community. The car parking spaces are only 
on the entrances of the project and not allowed further on. The car parking share is almost 
0.3 for each dwelling. Walking and biking are the main mobility means. In Habiba, mobility 
and urban transport has not really been developed sustainably in the Habiba community. 
Reliance is mainly on transportation by car and automobiles to get to the area. Inside the eco-
lodge area, walking is the main mode of transportation as the area is not very big and so there 
is no need for any other means. However, the farms and learning centre are a bit far from 
the eco-lodge, and transportation to them requires an automobile. It should be noted that 

Figure 7. Urban farm in Habiba farm, and the urban spaces at EL Gouna.

Figure 6. Using solar water heater and PV systems for electricity production in EL Gouna.
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the entire Nuweiba area is lacking in this particular aspect, as no means of public transport 
between the different eco-lodges is provided, and public transportation in the area is not quite 
developed. In the case of El Gouna, although it is considered a residential and touristic area, 
the main transportation there are bicycles, tuk-tuk and buses in addition to private cars. It is 
considered a walkable area; however in summer, it becomes so hard to walk or cycle during 
the day. The central area of El Gouna is just a pedestrian area and just a touristic place without 
even any economical place. Walking and biking are the main mobility means, and in El Gouna 
they used shared bus service to reduce car dependency. According to [32], there are several 
transport services that were launched in 2014 that combined a petrol engine with an electric 
motor for cars and shuttles. These allowed the ability for cars to run on electricity alone, all 
around El Gouna, and so reducing the carbon emissions (Figure 8).

5.7. Community involvement

The aim of Basata and Habiba is to create sustainable, environmentally friendly income for the 
local community. The integration of the local community is an integral part of the organisation 
and thus provides a lot of support to the local Bedouin community. The locals are provided 
with several job opportunities through their work in both the eco-lodges and specifically in 
Habiba in community farms and the Sinai Palm Foundation. In both aspects, they are edu-
cated and trained to work in the agriculture and farming work. Furthermore, the educational 
centre in Basata and the learning centre in Habiba provide after-school education for the local 
Bedouin children. The children also get involved in the farms as a learning experience to 
learn the value and importance or producing healthy food and farming. The Habiba com-
munity also supports the WOMAD project, a project that aims to empower the local Bedouin 
women and help them in raising funds for their children’s education [33]. In addition to this, 
all surplus funds that come from the beach eco-lodge are directed towards the expansion and 
reach of such local projects [33]. In both Habiba and Basata, the local Bedouin women are also 
provided the opportunity to showcase and sell their handmade accessory products to the vis-
iting tourists and eco-lodge guests. The organic farm’s collaborations with NGOs, universities 
and organisations also expand the role of the place in providing a training hub for sustainable 
farming and development and an important model for the South Sinai region [33].

In El Gouna, the community part is somehow not considered except for few activities. The play-
ground of the school is being used in summer or night for other community activities which 
increase the community relations. However, the buildings are not constructed by the residents 
themselves, which lack the community integration in this part. Thus, labours are hired from the 
surrounding areas to build this type of construction which they need to be trained before (Figure 9).

Figure 8. Bike rents and motorcycle.
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6. Recommendation for planning zero-carbon eco-cities

The aim of eco-cities is to build a viable future for humanity with a healthy planet where the 
Earth, water and air will continue to support our complex renewable-powered ecosystems. 

Table 1. Recommendations and proposed solutions for current challenges to be used as future for guidelines in designing 
eco-cities in Egypt.

Figure 9. School’s playground is turning into community activity in summer at EL Gouna.
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In this chapter, it is clear that the concept of eco-community can be achieved apart from the 
government. So, it is even easier if there is an obligatory design guideline and strict laws and 
legislations. Here in this section, we are recommending a group of ideas that can be used as 
guidelines for designing eco-cities based on the analysis of the three case studies. We tried 
to form the recommendations as current challenges and proposed solution for guidelines. 
Table 1 illustrated some essential points that are advised to be taken into consideration while 
planning an eco-city.

7. Conclusion

The twenty-first century is shaping up to be a traditional era for the humanity who dwells 
on this Earth. The pressure we are placing on the planet’s resources has become increas-
ingly unsustainable. The resulting problems we face, such as water and resource scarcity, 
increased energy demands and costs, shrinking fossil fuel reserves and a changing climate, 
have sounded a wake-up call heard round the world. Those who are heading the call and 
embracing the need for change are finding the necessary solutions and opportunities not only 
to address this global set of problems but also to advance and improve humanity’s relation-
ship with the living world and improve our quality of life. Much of the stress we impose on the 
Earth is manifested in the way we design, construct and use our built environment; that means 
buildings and cities must play a vital role in shaping our sustainable future. They are as much 
representatives of a global approach to our built environment as they are exemplary buildings.

This chapter introduces a brief understanding of eco-community’s definitions and is discussing 
three of the Egyptian pilot projects as an analytical model for a prospect of a zero-carbon city 
design and planning in Egypt. The dream of the eco-city in Egypt is a city that is a desirable 
place to live. It is becoming a necessity to develop an integrated model for an eco-city lead by 
a multidiscipline group of experts including but not limited to renewable energy, agriculture, 
eco-sanitation, solid waste management, vernacular architecture, traffic and green transporta-
tion, economy, social and cultural studies, services, governance and small and micro enterprises. 
Renewable energy and energy efficiency are a core sector with close implications on other sec-
tors such as agriculture, transportation, housing and services. If these conditions are fulfilled, 
the community will be able to perform the required actions to produce all needed services and 
products resulting in an improvement in the overall economic conditions without degrading 
the surrounding environment. In Egypt, we need a city that is designed around the individual 
and the family creating a fully integrated neighbourhood orientated around public spaces 
and civic amenities and a city that encourages the growth of communities and relationships. 
Sustainability, a vibrant economy, future viability, scientific excellence and a decent life attitude 
all melt in the same pot towards the same goal of a post-carbon eco-city model for its inhabitants.

We can conclude from the case studies that the concept of low-carbon and low-impact com-
munities can be transformed from an idea to reality and practice. They are not only a product 
but also a process for sustainable lifestyle. In Egypt unfortunately, we tend to apply replicable 
outcome-based approaches. It is high time to look for strategies that prioritise participation. 
We need to deal with complex challenges in our city design approaches. A holistic approach 
in dealing with low-carbon economic growth should consider the social, economic and eco-
logical reciprocity. More grassroots and community-driven approaches are needed for equity 
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towards low-carbon urban governance. A formal policy support on a national level is impor-
tant together with national guidance on sustainable communities and community asset trans-
feree. Designing eco-cities is not anymore about only attempting to reduce GHG emissions 
and energy consumption. We should tackle it from a more holistic view and consider eco-
nomic justice, behaviour change and wellbeing in addition to community self-management. 
Some of the recommendations sound like basic aspects in sustainable city planning in modern 
cities, but Egypt still lacks such basic concepts of sustainable city design.
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towards low-carbon urban governance. A formal policy support on a national level is impor-
tant together with national guidance on sustainable communities and community asset trans-
feree. Designing eco-cities is not anymore about only attempting to reduce GHG emissions 
and energy consumption. We should tackle it from a more holistic view and consider eco-
nomic justice, behaviour change and wellbeing in addition to community self-management. 
Some of the recommendations sound like basic aspects in sustainable city planning in modern 
cities, but Egypt still lacks such basic concepts of sustainable city design.
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Abstract

The number of people living in urban areas worldwide is constantly rising. This puts 
significant pressure on resources in general—leading to an urgent need for the radical 
improvement of local infrastructure, especially housing, food, water and waste. Managing 
urban areas is therefore one of the most important development challenges of the 
twenty-first century. The built environment is a key element in urban living. Significant 
investments in infrastructure and further development must be made to accommodate 
the increasing number of people moving to cities, thereby increasing the pressure on 
available resources and waste generated. Cities also face a huge energetic refurbishment 
task. These transformations of cities at the same time offer new opportunities: energetic 
refurbishment could bring multiple benefits to the citizens, and smart material loops can 
make the circular economy a reality. The design of and the material used for buildings 
also have a bearing on other important aspects of sustainability and urban life. They 
affect factors such as health, thermal comfort, acoustic performance and fire resilience. 
By taking a holistic approach, buildings have the potential to be a part of the solution of 
today’s and tomorrow’s challenges through the creation of sustainable cities. Cities have 
the power to act and make changes happen within their boundaries.

Keywords: energy renovation, urban regeneration, sustainable buildings, fire resilience, 
city lead, circular economy, resources, waste

1. Introduction

With around 1.5 million people moving to an urban area every week, the pressure on 
resources continues to increase and will drive the need to radically improve local infrastruc-
tures especially for housing, food, water and waste. Already today, cities are aggregators of 
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materials and nutrients, accounting for 60–75% [1] of natural resource consumption, 50% of 
global waste production, and 60–80% of greenhouse gas emissions [2]. Managing the built 
environment is the key to securing a sustainable future. In the EU alone, buildings account 
for 40% of the final energy consumption, about 35% of greenhouse gas emissions, 50% of all 
extracted materials, 30% of water consumption and 35% of total generated waste [3].

People living in cities typically spend up to 90% of their time indoors—thus creating more demand 
for energy for heating and cooling of buildings. For households, this can be expensive—with  
energy expenditure accounting for up to 16% of an average household’s total spending.

A key step to the sustainable design of buildings is to reduce the amount of energy needed 
in buildings to keep a comfortable indoor temperature throughout the entire year. Typically, 
80% of the energy used in the building sector results from heating, cooling, hot water and 
lighting, while the remaining 20% is generated by construction materials, transport and 
demolition. So, while a low-energy design is essential, it’s also important to design in a more 
comprehensive way and to consider how the building and its materials can be recycled and 
reused at the end of their life. The right design can make a building a ‘material bank’ for 
the future. Requiring deconstruction, selective demolition, sorting, increasing demand for 
recycled products and developing (digital) platforms for this will bring the circular economy 
in the built environment to the next level.

Many large cities host challenging neighbourhoods that are often characterised by multiple social 
problems, inadequate living conditions and bad reputations. These problems often reinforce 
each other in a vicious circle, causing a negative trend for the area. The buildings forming these 
areas are often 40–50 years old and were built at a time characterised by different societal ideals. 
Time has changed and so has our demand from the built environment. Most of these buildings 
are in dire need of an upgrade—to lower their energy consumption and improve thermal com-
fort and the health conditions of the people living in them, as well as to improve aesthetics of 
the neighbourhood. Urban regeneration is important because we need to ensure that our cities, 
living spaces and our working spaces are fit for the future and enable the citizens to live a sustain-
able lifestyle. Urban regeneration may be one of the main tasks for our societies to tackle, but it 
also provides an opportunity to create high-quality, affordable and sustainable buildings if we 
manage to upscale and replicate the lessons learned from the many pilot cases around the world.

Cities also face new risks due to climate change causing more extreme weather conditions. A 
higher frequency of disasters like flooding, hurricanes and fires poses new challenges to cities. 
Cities should be resilient to these risks too, preventing severe human, social and economic 
consequences. A resilient city will recover more easily after a disaster.

This chapter describes the results of various studies and publications on the role of buildings 
in cities to meet the challenges described above.

Section 2 explains the results of a recent European study on the challenges and opportunities 
of energy renovation in a city context, linking it to urban regeneration.

Section 3 goes into sustainable buildings and the challenges and opportunities for cities to get 
the built environment to become more circular, more resource-efficient and less wasteful. It 
provides an overview of available studies based on desk research.
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Section 4 gives an introduction in generic terms on the theme of resilient buildings and the 
contribution of buildings to a more resilient city.

2. Energy renovation as a key element in urban regeneration

In June 2018, ROCKWOOL and the Building Performance Institute Europe, BPIE, published 
a report with a selection of successful urban regeneration projects and an analysis of the key 
elements in achieving successful urban regeneration [4]. The results of the study and subse-
quent use of its results in a paper from Copenhagen Economics [5] are described later.

Many large cities host run-down or challenging neighbourhoods, often characterised by 
multiple social problems, inadequate living conditions and bad reputations. These prob-
lems often reinforce each other in a vicious circle, causing a negative trend for the area 
(Figure 1).

Poor houses ➔ energy poverty ➔ social problems ➔ vandalism ➔ bad reputation ➔ lack of 
investments ➔ poor houses. The challenge to revitalise these areas is amplified by the fact 
that these neighbourhoods are often physically and socially detached from the rest of the city.

The buildings forming these areas are often 40–50 years old and were built at a time char-
acterised by different societal ideals. During the 1960s and 1970s, there was a huge need for 
dwellings—resulting in most constructions being built quickly and on the idea of equality. 
Time has changed and so has our demand from the built environment. Most of these build-
ings are now in dire need of an upgrade to lower their energy consumption and improve their 
thermal comfort and the health conditions of the people living in them, as well as to upgrade 

Figure 1. The vicious circle of poor housing in challenging neighbourhoods [4].
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the whole neighbourhood that they are part of through the improvement of their aesthetic 
quality and that of the urban spaces.

Urban regeneration deserves additional attention as cities need to be transformed into living 
spaces and working spaces in a sustainable manner. Often, challenged urban areas especially 
need attention in creating resilient buildings as the combination of high-rise buildings and 
dense urban areas poses a higher risk for the built environment in case of fire or natural 
disasters. An upgraded building stock will also enable and induce the citizens to live a more 
sustainable lifestyle.

Many case projects around the world have shown that a comprehensive strategy compris-
ing both physical and social initiatives can transform whole areas into attractive and live-
able spaces as well as turn around the negative trend experienced in these neighbourhoods. 
Upscaling energy renovation of run-down or challenged urban areas is a key element, which 
can, if combined with other initiatives, not only improve the quality of life and enable citizens 
to live a sustainable lifestyle but also provide an opportunity to reduce social and health 
problems in society. Upscaling energy renovation should at the same time focus on creating 
new business models out of the challenges—focusing on the need for managing resources in 
the urban environment in a better way.

ROCKWOOL and BPIE describe a selection of successful urban regeneration projects in their 
study [4]. The key elements in achieving successful urban regeneration summarised later are 
the result of a review of successful cases combined with an interactive dialogue with leading 
experts in the field facilitated by ROCKWOOL and BPIE in 2018.

The key learnings identified are especially (see Figure 2):

• A strong long-term commitment of and an early engagement from the public authorities 
is necessary.

• A well-adjusted combination of social and physical measures needs to be considered—which  
also requires an early collaboration between multiple actors with different expertise.

• The involvement and empowerment of the people living in the area are crucial. Engaging 
residents in the renovation process, e.g. via ‘social contracts’, increases the support among 
residents and can help to give people a new start.

Key success factors which were identified for the building renovation projects were:

• A detailed assessment of renovation alternatives found that a deep renovation would be 
the cheapest option over a 30-year period.

• Improving the aesthetic quality of the areas combined with the use of long-lasting materi-
als is cheaper in the long run and can attract new investments and new residents to the 
areas. Doing so can also be a tool to reduce crime and improve quality of life in the area as 
neighbourhoods that are in a poor state are perceived to be uncared for—resulting in the 
likelihood of crime going unchallenged [5].

• Building owners see an increased value of their properties while reducing operational and 
maintenance costs [5].
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2.1. Key elements in achieving successful urban regeneration

One of the key learnings from the many existing urban regeneration projects is that people in 
general like their homes, want to be informed and involved in large-scale renovation projects 
and prefer to be given the opportunity to take individual choices.

A deeper dive into the findings provides the following insights.

Urban regeneration is not the same as gentrification. It is, therefore, important to make sure the 
residents are involved and empowered in the regeneration process. While many of the run-
down or challenged areas would benefit from hosting a more mixed population, the means to 
achieve this cannot be to squeeze out certain groups. Extensive energy renovation will actually 
improve residents’ ability to pay rent through lower energy bills. A successful urban regenera-
tion process can therefore lift a whole neighbourhood including the people in it.

A successful urban regeneration strategy cannot be fulfilled without really knowing the 
needs of the residents. A bottom-up approach where residents are involved can uncover 

Figure 2. Key elements in achieving successful urban regeneration [4].
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study [4]. The key elements in achieving successful urban regeneration summarised later are 
the result of a review of successful cases combined with an interactive dialogue with leading 
experts in the field facilitated by ROCKWOOL and BPIE in 2018.

The key learnings identified are especially (see Figure 2):

• A strong long-term commitment of and an early engagement from the public authorities 
is necessary.

• A well-adjusted combination of social and physical measures needs to be considered—which  
also requires an early collaboration between multiple actors with different expertise.

• The involvement and empowerment of the people living in the area are crucial. Engaging 
residents in the renovation process, e.g. via ‘social contracts’, increases the support among 
residents and can help to give people a new start.

Key success factors which were identified for the building renovation projects were:

• A detailed assessment of renovation alternatives found that a deep renovation would be 
the cheapest option over a 30-year period.

• Improving the aesthetic quality of the areas combined with the use of long-lasting materi-
als is cheaper in the long run and can attract new investments and new residents to the 
areas. Doing so can also be a tool to reduce crime and improve quality of life in the area as 
neighbourhoods that are in a poor state are perceived to be uncared for—resulting in the 
likelihood of crime going unchallenged [5].

• Building owners see an increased value of their properties while reducing operational and 
maintenance costs [5].
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2.1. Key elements in achieving successful urban regeneration

One of the key learnings from the many existing urban regeneration projects is that people in 
general like their homes, want to be informed and involved in large-scale renovation projects 
and prefer to be given the opportunity to take individual choices.

A deeper dive into the findings provides the following insights.

Urban regeneration is not the same as gentrification. It is, therefore, important to make sure the 
residents are involved and empowered in the regeneration process. While many of the run-
down or challenged areas would benefit from hosting a more mixed population, the means to 
achieve this cannot be to squeeze out certain groups. Extensive energy renovation will actually 
improve residents’ ability to pay rent through lower energy bills. A successful urban regenera-
tion process can therefore lift a whole neighbourhood including the people in it.

A successful urban regeneration strategy cannot be fulfilled without really knowing the 
needs of the residents. A bottom-up approach where residents are involved can uncover 

Figure 2. Key elements in achieving successful urban regeneration [4].
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new innovative solutions while giving the residents a sense of ownership of the process, thus 
increasing their willingness to participate. In other words, an urban regeneration strategy 
must build on the existing culture rather than building something new. Large-scale renova-
tion projects can be tailored to the existing culture, e.g. by developing a catalogue of indi-
vidual measures.

Look beyond the near-term period. A long-term plan for the neighbourhood will increase 
the chances of a successful regeneration process. The plan should incorporate the multiple 
benefits that a physical and social transformation will entail such as a higher living stan-
dard and improved health, the alleviation of energy poverty through lower energy bills, an 
increase in housing prices, the reduction of maintenance cost and the mitigation of the area’s 
climate impact.

Furthermore, the multiple benefits of deep renovation should be valued and monetized. 
Research from Eurofound [6] shows that inadequate housing is linked with numerous soci-
etal costs ranging from health care expenses, higher policing and emergency costs to poor 
academic performance. Public authorities ought to incorporate these costs and benefits in 
their cost–benefit analysis.

The physical transformation of a home and a neighbourhood can have a positive impact on 
people’s perception and behaviour. A balanced urban regeneration process needs to combine 
both physical and social measures in a harmonised manner. Physical and social measures are 
not two separate entities but are highly interlinked, as a new home is commonly associated 
to new beginnings.

The physical transformation of buildings should be long-lasting. It is evident that deep 
renovations using high-quality materials, combining the energy upgrade with an architec-
tural upgrade, are the cheapest solution in the long run. Deep renovation guarantees a very 
low energy demand for the next 30 to 50 years. In addition, maintenance and administra-
tion costs are reduced as well. Past experience has shown that renovation projects that were 
quickly done using cheap materials had a short lifespan—thus requiring renovation again. In 
contrast, high-quality and durable materials guarantee that renovated buildings continue to 
look nice for many decades.

In all the cases investigated, the cities/municipalities have played a key role. The authori-
ties have been successful in driving transformation through public-private partnerships, 
in which they safeguard the social aspects. Another key success factor is the breaking down 
of silos within the public governance, for example, by setting up a task group with various 
departments (energy, climate, social, budget, etc.) and involving solution providers early in 
the process. Scaling up deep renovation requires more collaboration between various stake-
holders, assembling different skills and expertise.

Good planning can use the ‘economies of scale’ effect when renovating multiple identical 
buildings. The buildings built during the 1960s and 1970s are especially suited to a more 
industrialised renovation approach, which could reduce the time spent on site and cost. 
New business models (one-stop shops) and technologies should be supported and further 
explored.
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2.2. Moving forward

It is evident that extensive experience exists from individual case studies and within indi-
vidual stakeholders. The existing experience must be scaled up—following the success factors 
from existing urban regeneration projects. Cities should be encouraged to develop their own 
urban regeneration path and to take responsibility for facilitating an early engagement with 
stakeholders covering all needed competences in a project.

3. Sustainable buildings as contributors to the circular economy in 
urban regeneration

The benefits of energy renovation in urban regeneration are not limited to energy savings 
alone. It is broadly recognised to also benefit people and the environment. Good indoor cli-
mate, thermal comfort, acoustic performance and daylight, for example, improve the health 
and wellbeing of inhabitants and positively affect the productivity in schools, hospitals and 
of workers in general [5]. Taking a life-cycle approach when considering the materials used in 
buildings can reduce the environmental impact of the buildings in a city. Moreover, valuing 
the potential for today and the future creates better economic value. Not surprisingly, there is 
clear trend towards a more sustainable design and renovation of buildings.

Urban centres are particularly impacted by waste from construction and demolition activities 
(CDW). The Ellen MacArthur Foundation has identified the built environment to be one of 
the key sectors of structural waste [2]. For example, in Europe, the average office is used only 
35–50% of the time, even during working hours. The UN-IRP study called ‘The Weight of 
Cities’ [1] shows that the global ‘domestic material consumption’ (DMC) of raw materials 
(including sand, gravel, iron ore, coal and wood) is likely to be in the range of 8–17 tonnes per 
capita per year at 2050, assuming material use per capita will stabilise in developing countries 
at lower levels than today’s developed countries. However, a DMC range of 6–8 tonnes per 
capita per year has been proposed as an indicative target for sustainable resource consump-
tion [7]. In 2050, urban mining should be the main source of building materials in cities, with 
implications for storage, logistics and costs, while citizens will increasingly require a non-
toxic environment.

Cities are well placed to tackle the resource and waste issues in the construction sector, with 
their high concentration of resources, capital, data, and talent over a small geographic terri-
tory. Closing the loop in the construction sector and improving design would lead to major 
benefits in sustainability and in quality of life. This could further support urban policymakers 
in achieving their objectives when it comes to carbon emissions, mobility, indoor air quality 
[2] and working towards a non-toxic environment. This transition towards a sustainable, low-
carbon and resource-efficient economy—called a ‘circular economy’—is considered vital to 
future-proofing cities and improving quality of life for citizens [8]. Our world economy is con-
sidered to be only 9.1% circular at the moment [37]. The Circle Economy states that ‘Closing 
the circularity gap serves the higher objective of preventing further and accelerated environ-
mental degradation and social inequality’—especially since housing and infrastructure needs 
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new innovative solutions while giving the residents a sense of ownership of the process, thus 
increasing their willingness to participate. In other words, an urban regeneration strategy 
must build on the existing culture rather than building something new. Large-scale renova-
tion projects can be tailored to the existing culture, e.g. by developing a catalogue of indi-
vidual measures.

Look beyond the near-term period. A long-term plan for the neighbourhood will increase 
the chances of a successful regeneration process. The plan should incorporate the multiple 
benefits that a physical and social transformation will entail such as a higher living stan-
dard and improved health, the alleviation of energy poverty through lower energy bills, an 
increase in housing prices, the reduction of maintenance cost and the mitigation of the area’s 
climate impact.

Furthermore, the multiple benefits of deep renovation should be valued and monetized. 
Research from Eurofound [6] shows that inadequate housing is linked with numerous soci-
etal costs ranging from health care expenses, higher policing and emergency costs to poor 
academic performance. Public authorities ought to incorporate these costs and benefits in 
their cost–benefit analysis.

The physical transformation of a home and a neighbourhood can have a positive impact on 
people’s perception and behaviour. A balanced urban regeneration process needs to combine 
both physical and social measures in a harmonised manner. Physical and social measures are 
not two separate entities but are highly interlinked, as a new home is commonly associated 
to new beginnings.

The physical transformation of buildings should be long-lasting. It is evident that deep 
renovations using high-quality materials, combining the energy upgrade with an architec-
tural upgrade, are the cheapest solution in the long run. Deep renovation guarantees a very 
low energy demand for the next 30 to 50 years. In addition, maintenance and administra-
tion costs are reduced as well. Past experience has shown that renovation projects that were 
quickly done using cheap materials had a short lifespan—thus requiring renovation again. In 
contrast, high-quality and durable materials guarantee that renovated buildings continue to 
look nice for many decades.

In all the cases investigated, the cities/municipalities have played a key role. The authori-
ties have been successful in driving transformation through public-private partnerships, 
in which they safeguard the social aspects. Another key success factor is the breaking down 
of silos within the public governance, for example, by setting up a task group with various 
departments (energy, climate, social, budget, etc.) and involving solution providers early in 
the process. Scaling up deep renovation requires more collaboration between various stake-
holders, assembling different skills and expertise.

Good planning can use the ‘economies of scale’ effect when renovating multiple identical 
buildings. The buildings built during the 1960s and 1970s are especially suited to a more 
industrialised renovation approach, which could reduce the time spent on site and cost. 
New business models (one-stop shops) and technologies should be supported and further 
explored.
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2.2. Moving forward

It is evident that extensive experience exists from individual case studies and within indi-
vidual stakeholders. The existing experience must be scaled up—following the success factors 
from existing urban regeneration projects. Cities should be encouraged to develop their own 
urban regeneration path and to take responsibility for facilitating an early engagement with 
stakeholders covering all needed competences in a project.

3. Sustainable buildings as contributors to the circular economy in 
urban regeneration

The benefits of energy renovation in urban regeneration are not limited to energy savings 
alone. It is broadly recognised to also benefit people and the environment. Good indoor cli-
mate, thermal comfort, acoustic performance and daylight, for example, improve the health 
and wellbeing of inhabitants and positively affect the productivity in schools, hospitals and 
of workers in general [5]. Taking a life-cycle approach when considering the materials used in 
buildings can reduce the environmental impact of the buildings in a city. Moreover, valuing 
the potential for today and the future creates better economic value. Not surprisingly, there is 
clear trend towards a more sustainable design and renovation of buildings.

Urban centres are particularly impacted by waste from construction and demolition activities 
(CDW). The Ellen MacArthur Foundation has identified the built environment to be one of 
the key sectors of structural waste [2]. For example, in Europe, the average office is used only 
35–50% of the time, even during working hours. The UN-IRP study called ‘The Weight of 
Cities’ [1] shows that the global ‘domestic material consumption’ (DMC) of raw materials 
(including sand, gravel, iron ore, coal and wood) is likely to be in the range of 8–17 tonnes per 
capita per year at 2050, assuming material use per capita will stabilise in developing countries 
at lower levels than today’s developed countries. However, a DMC range of 6–8 tonnes per 
capita per year has been proposed as an indicative target for sustainable resource consump-
tion [7]. In 2050, urban mining should be the main source of building materials in cities, with 
implications for storage, logistics and costs, while citizens will increasingly require a non-
toxic environment.

Cities are well placed to tackle the resource and waste issues in the construction sector, with 
their high concentration of resources, capital, data, and talent over a small geographic terri-
tory. Closing the loop in the construction sector and improving design would lead to major 
benefits in sustainability and in quality of life. This could further support urban policymakers 
in achieving their objectives when it comes to carbon emissions, mobility, indoor air quality 
[2] and working towards a non-toxic environment. This transition towards a sustainable, low-
carbon and resource-efficient economy—called a ‘circular economy’—is considered vital to 
future-proofing cities and improving quality of life for citizens [8]. Our world economy is con-
sidered to be only 9.1% circular at the moment [37]. The Circle Economy states that ‘Closing 
the circularity gap serves the higher objective of preventing further and accelerated environ-
mental degradation and social inequality’—especially since housing and infrastructure needs 
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represent the largest resource footprint [37]. They believe that a circular economy approach 
enables cities to take practical steps to help reduce emissions, create new jobs and strengthen 
industries and competitiveness, as well as enhance the health and wellbeing of its citizens. 
Sustainable buildings contribute to this transition.

3.1. Sustainable buildings

There is not one definition for ‘sustainable buildings’. However, what all descriptions have 
in common is that a holistic approach is taken in the design, construction and demolition 
processes to minimise the buildings’ impact on the environment, the occupants and the 
community and to maintain economic value. When it comes to the environmental aspect of 
sustainable buildings, the World Green Building Council describes a ‘green’ building as ‘a 
building that, in its design, construction or operation, reduces or eliminates negative impacts, 
and can create positive impacts, on our climate and natural environment. Green buildings 
preserve precious natural resources and improve our quality of life’ [9].

There are several features that can make a building ‘green’ and additional features to make 
them more sustainable. Environmental features pertain to resources like materials, water and 
land and energy and carbon, as well as pollution of air, water and soil. Health-related features 
pertain to indoor climate, acoustic performance and thermal comfort. Additional features 
could be related to risks like earthquakes and fires—addressing the resources that the build-
ing represents.

Several tools and sustainable building rating schemes are in place to assess the sustainability 
of buildings. Examples of European-wide used commercial rating schemes are BREEAM, 
DGNB, HQE and LEED, but local schemes exist too. The European Commission recently 
launched a beta version of a framework for sustainable buildings called Level(s) [10], which 
describes the basic relevant features for the European housing stock. In the Netherlands [11] 
and France [12], building legislation is in place to assess environmental building features, and 
in Germany [13], a similar approach is taken for the Green Public Procurement of buildings.

The key step to a sustainable design is to reduce the amount of energy needed to operate a 
building. Typically, 80% of the energy used in a building results from heating, cooling, hot 
water and lighting, while the remaining 20% is used for construction materials, transport and 
demolition. However, moving towards a more energy-efficient building stock will change 
this ratio over time—putting more focus on the materials and the ‘beyond energy’ features 
of sustainability. Environmental assessments of buildings are therefore based on a life-cycle 
approach using various environmental indicators.

3.2. Buildings as Material Banks

Considering that a so-called circular economy is vital to future-proofing cities and improving 
the quality of life of citizens, according to [8], organisations need to stimulate the develop-
ment of a circular economy by developing concepts for cities to become more circular. The 
Ellen MacArthur Foundation describes the built environment in ‘circular cities’ as ‘designed 
in a modular and flexible manner, sourcing healthy materials that improve the life quality of 
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the residents, and minimise virgin material use. It will be built using efficient construction 
techniques, and will be highly utilised thanks to shared, flexible and modular office spaces 
and housing. Components of buildings will be maintained and renewed when needed, while 
buildings will be used where possible to generate, rather than consume, power and food by 
facilitating closed loops of water, nutrients, materials, and energy, to mimic natural cycles’ 
[2]. This description shows several aspects of buildings in circular cities, centred around the 
basic assumption that buildings are ‘material banks’.

Today, buildings are often created with only one function in mind, like being a school, an 
office or a multi-family home. When societal needs or user preferences change, these mono-
functional buildings usually become outdated or even obsolete—resulting in a high rate of 
building vacancy and premature demolition. Those buildings, no longer suitable for use, are 
considered as waste and are thus treated as such. By applying circularity principles both to 
the existing building stock and to new buildings, the concept of waste can be eliminated.

This principle is elaborated in the European project Buildings as Material Banks (BAMB) 
[14]. According to the BAMB vision, the term ‘Buildings as Material Banks’ refers to a mate-
rialised investment: “the building itself is considered as a materialised savings account for 
material resources, through which building materials, products and components are tem-
porarily ‘deposited’ into a functional element or part of the building. When socio-economic 
conditions are favourable, (a part of) the materials, products and components may be 
retrieved for another investment, that is: another building or another high-quality applica-
tion. Seeing material resources as a temporary way of materialising investments opens the 
door to a wide range of circular business models, in which economic and environmental 
value is conserved and created through the reuse of materials, products, components and 
buildings, while (performance-based) services are provided to support the daily life of (end) 
users.”

Three major systemic changes have been identified to support the BAMB vision:

• Change in design culture

• Change in value definition

• Change in collaboration across all actors

Both the existing building stock and the new buildings are interlinked in urban regeneration.

3.3. Resources from the existing building stock

The growing demand for and the scarcity of resources, less space for landfill and the challenges 
regarding the movement of resources through the city all create a push towards an approach 
of using the materials and products in existing buildings in the most optimal way. ‘Urban 
mining’ is mentioned in several sources as a necessary approach in circular cities [1, 15]. At 
the same time, it is identified that there are insufficient economic and regulatory incentives as 
well as a lack of trust in the quality and availability of secondary materials to create a market 
for recycled building materials [15, 16]. A lack of demand for reused or recycled products in 
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represent the largest resource footprint [37]. They believe that a circular economy approach 
enables cities to take practical steps to help reduce emissions, create new jobs and strengthen 
industries and competitiveness, as well as enhance the health and wellbeing of its citizens. 
Sustainable buildings contribute to this transition.

3.1. Sustainable buildings

There is not one definition for ‘sustainable buildings’. However, what all descriptions have 
in common is that a holistic approach is taken in the design, construction and demolition 
processes to minimise the buildings’ impact on the environment, the occupants and the 
community and to maintain economic value. When it comes to the environmental aspect of 
sustainable buildings, the World Green Building Council describes a ‘green’ building as ‘a 
building that, in its design, construction or operation, reduces or eliminates negative impacts, 
and can create positive impacts, on our climate and natural environment. Green buildings 
preserve precious natural resources and improve our quality of life’ [9].

There are several features that can make a building ‘green’ and additional features to make 
them more sustainable. Environmental features pertain to resources like materials, water and 
land and energy and carbon, as well as pollution of air, water and soil. Health-related features 
pertain to indoor climate, acoustic performance and thermal comfort. Additional features 
could be related to risks like earthquakes and fires—addressing the resources that the build-
ing represents.

Several tools and sustainable building rating schemes are in place to assess the sustainability 
of buildings. Examples of European-wide used commercial rating schemes are BREEAM, 
DGNB, HQE and LEED, but local schemes exist too. The European Commission recently 
launched a beta version of a framework for sustainable buildings called Level(s) [10], which 
describes the basic relevant features for the European housing stock. In the Netherlands [11] 
and France [12], building legislation is in place to assess environmental building features, and 
in Germany [13], a similar approach is taken for the Green Public Procurement of buildings.

The key step to a sustainable design is to reduce the amount of energy needed to operate a 
building. Typically, 80% of the energy used in a building results from heating, cooling, hot 
water and lighting, while the remaining 20% is used for construction materials, transport and 
demolition. However, moving towards a more energy-efficient building stock will change 
this ratio over time—putting more focus on the materials and the ‘beyond energy’ features 
of sustainability. Environmental assessments of buildings are therefore based on a life-cycle 
approach using various environmental indicators.

3.2. Buildings as Material Banks

Considering that a so-called circular economy is vital to future-proofing cities and improving 
the quality of life of citizens, according to [8], organisations need to stimulate the develop-
ment of a circular economy by developing concepts for cities to become more circular. The 
Ellen MacArthur Foundation describes the built environment in ‘circular cities’ as ‘designed 
in a modular and flexible manner, sourcing healthy materials that improve the life quality of 
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the residents, and minimise virgin material use. It will be built using efficient construction 
techniques, and will be highly utilised thanks to shared, flexible and modular office spaces 
and housing. Components of buildings will be maintained and renewed when needed, while 
buildings will be used where possible to generate, rather than consume, power and food by 
facilitating closed loops of water, nutrients, materials, and energy, to mimic natural cycles’ 
[2]. This description shows several aspects of buildings in circular cities, centred around the 
basic assumption that buildings are ‘material banks’.

Today, buildings are often created with only one function in mind, like being a school, an 
office or a multi-family home. When societal needs or user preferences change, these mono-
functional buildings usually become outdated or even obsolete—resulting in a high rate of 
building vacancy and premature demolition. Those buildings, no longer suitable for use, are 
considered as waste and are thus treated as such. By applying circularity principles both to 
the existing building stock and to new buildings, the concept of waste can be eliminated.

This principle is elaborated in the European project Buildings as Material Banks (BAMB) 
[14]. According to the BAMB vision, the term ‘Buildings as Material Banks’ refers to a mate-
rialised investment: “the building itself is considered as a materialised savings account for 
material resources, through which building materials, products and components are tem-
porarily ‘deposited’ into a functional element or part of the building. When socio-economic 
conditions are favourable, (a part of) the materials, products and components may be 
retrieved for another investment, that is: another building or another high-quality applica-
tion. Seeing material resources as a temporary way of materialising investments opens the 
door to a wide range of circular business models, in which economic and environmental 
value is conserved and created through the reuse of materials, products, components and 
buildings, while (performance-based) services are provided to support the daily life of (end) 
users.”

Three major systemic changes have been identified to support the BAMB vision:

• Change in design culture

• Change in value definition

• Change in collaboration across all actors

Both the existing building stock and the new buildings are interlinked in urban regeneration.

3.3. Resources from the existing building stock

The growing demand for and the scarcity of resources, less space for landfill and the challenges 
regarding the movement of resources through the city all create a push towards an approach 
of using the materials and products in existing buildings in the most optimal way. ‘Urban 
mining’ is mentioned in several sources as a necessary approach in circular cities [1, 15]. At 
the same time, it is identified that there are insufficient economic and regulatory incentives as 
well as a lack of trust in the quality and availability of secondary materials to create a market 
for recycled building materials [15, 16]. A lack of demand for reused or recycled products in 
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combination with easy and cheap waste landfill and incineration hamper a sound business 
model throughout the construction chain.

The EU Construction and Demolition Waste Protocol [17] lists seven features for successful 
implementation of recycling:

1. Ban landfilling of construction and demolition waste.

2. Implement mandatory pre-demolition waste audits (identify quality and quantity).

3. Enforce traceability of waste to establish confidence (especially during transport).

4. Urban planning (recycling facilities within city limits).

5. Manage quality of recycled waste (same quality standards as virgin materials).

6. Environmental management along the entire value chain.

7. Create open markets through leading example of public procurement.

Below, possible measures are discussed to keep material resources from buildings in the loop, 
for both the end of the building’s life and the production of new products.

3.3.1. Measures at the end of the life of a building

Upon demolition, budget constraints do not allow for (often more labour-intensive) the 
deconstruction of separate material fractions. The limited space for collection of many frac-
tions is a further barrier in cities—requiring a more sophisticated after-sorting. Toxic legacy 
materials require specific attention if products must be reused or recycled. In many countries, 
landfill or incineration are still easily accessible and are too cheap to incentivise economi-
cally feasible alternatives. Separation and recycling only work business-wise in countries or 
regions with strict landfill bans for recyclable materials—like in Denmark or the Netherlands. 
This must be combined with (legal) requirements or incentives for buildings to be stripped 
before their frames can be demolished following an assessment (pre-demolition audit). This 
can create an entire service sector of SMEs with expertise in the removal of tiles, flooring, win-
dow frames, insulation material, sanitary items, lighting, etc. The Rotor in Flanders, Belgium, 
is an example of such a specialised company, as presented on the event from GLOBE-EU [15].

Cities can lead the way by discouraging landfill and incineration of construction and demoli-
tion waste and stimulating deconstruction, sorting and facilitate reuse platforms like Rotor. 
Local urban initiatives also contribute to social cohesion and job creation [8].

To facilitate this further, it is suggested to open up the European concept of waste [15, 18], 
in which ‘preparing for reuse and recycling’ is part of the waste definition, as shown in the 
left-hand side of Figure 3. On the right-hand side, an additional category is added between 
non-waste and waste (refuse), representing a situation in which secondary resources for 
reuse and recycling will not be regarded as waste to better fit the circular economy. Cities 
will have much more room for policies and experiments, if the European Commission 
would issue guidelines on the conditions to be fulfilled for recovered or reclaimed materials 
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to be considered a ‘non-waste’ while guaranteeing current levels of protection of public 
health and the environment. It could be similar to the conditions for by-products of manu-
facturing processes [15], so that materials, such as bricks, fittings, doors, window panes, 
beams, etc., can be transported, stored, processed, and sold as products provided these 
conditions are met.

3.3.2. Measures to stimulate the use of secondary materials

Closing the route towards landfill and incineration must go together with boosting demand 
for reused products and secondary materials. The market for secondary raw materials is still 
immature, and several policy choices exist to boost this market. The policy toolkit report from 
the Ellen MacArthur Foundation [38] explains it as follows: ‘There are two broad, complemen-
tary policymaking strategies that can help accelerate the circular economy. The first is to focus 
on fixing market and regulatory failures. The second is to actively stimulate market activity 
by, for example, setting targets, changing public procurement policy, creating collaboration 
platforms and providing financial or technical support to businesses. These approaches are 
complementary and policymakers can determine where to put the emphasis, taking inspira-
tion from the most applicable aspects of both approaches’.

Within public procurement, cities have the power to set high thresholds for recycled content 
in their public tenders and encourage the use of reusable and recyclable materials and prod-
ucts. Other suggestions are fast-tracked approval of construction permits, easier access to 
capital and stimulating new ownership models of buildings and constructions [15]. Creating 
platforms for collaboration and promoting value networks instead of value chains could also 
be a role for cities, as shown by the city of Brussels in the BAMB project [14] and the Dutch city 
of Almere in their UpCycle City contest [19]. A key takeaway from the Amsterdam Circular is 
to work closely together with the private sector and research institutes to find new business 
models in the context of existing strategies, such as green procurement.

Note that there is a growing belief that markets should be created without government inter-
ference like subsidies and levies on raw materials but much more by facilitating the emer-
gence of business models that can work over time.

Figure 3. An illustration of the application of current definitions of waste [18].
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combination with easy and cheap waste landfill and incineration hamper a sound business 
model throughout the construction chain.

The EU Construction and Demolition Waste Protocol [17] lists seven features for successful 
implementation of recycling:

1. Ban landfilling of construction and demolition waste.

2. Implement mandatory pre-demolition waste audits (identify quality and quantity).

3. Enforce traceability of waste to establish confidence (especially during transport).

4. Urban planning (recycling facilities within city limits).

5. Manage quality of recycled waste (same quality standards as virgin materials).

6. Environmental management along the entire value chain.

7. Create open markets through leading example of public procurement.

Below, possible measures are discussed to keep material resources from buildings in the loop, 
for both the end of the building’s life and the production of new products.

3.3.1. Measures at the end of the life of a building

Upon demolition, budget constraints do not allow for (often more labour-intensive) the 
deconstruction of separate material fractions. The limited space for collection of many frac-
tions is a further barrier in cities—requiring a more sophisticated after-sorting. Toxic legacy 
materials require specific attention if products must be reused or recycled. In many countries, 
landfill or incineration are still easily accessible and are too cheap to incentivise economi-
cally feasible alternatives. Separation and recycling only work business-wise in countries or 
regions with strict landfill bans for recyclable materials—like in Denmark or the Netherlands. 
This must be combined with (legal) requirements or incentives for buildings to be stripped 
before their frames can be demolished following an assessment (pre-demolition audit). This 
can create an entire service sector of SMEs with expertise in the removal of tiles, flooring, win-
dow frames, insulation material, sanitary items, lighting, etc. The Rotor in Flanders, Belgium, 
is an example of such a specialised company, as presented on the event from GLOBE-EU [15].

Cities can lead the way by discouraging landfill and incineration of construction and demoli-
tion waste and stimulating deconstruction, sorting and facilitate reuse platforms like Rotor. 
Local urban initiatives also contribute to social cohesion and job creation [8].

To facilitate this further, it is suggested to open up the European concept of waste [15, 18], 
in which ‘preparing for reuse and recycling’ is part of the waste definition, as shown in the 
left-hand side of Figure 3. On the right-hand side, an additional category is added between 
non-waste and waste (refuse), representing a situation in which secondary resources for 
reuse and recycling will not be regarded as waste to better fit the circular economy. Cities 
will have much more room for policies and experiments, if the European Commission 
would issue guidelines on the conditions to be fulfilled for recovered or reclaimed materials 
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to be considered a ‘non-waste’ while guaranteeing current levels of protection of public 
health and the environment. It could be similar to the conditions for by-products of manu-
facturing processes [15], so that materials, such as bricks, fittings, doors, window panes, 
beams, etc., can be transported, stored, processed, and sold as products provided these 
conditions are met.

3.3.2. Measures to stimulate the use of secondary materials

Closing the route towards landfill and incineration must go together with boosting demand 
for reused products and secondary materials. The market for secondary raw materials is still 
immature, and several policy choices exist to boost this market. The policy toolkit report from 
the Ellen MacArthur Foundation [38] explains it as follows: ‘There are two broad, complemen-
tary policymaking strategies that can help accelerate the circular economy. The first is to focus 
on fixing market and regulatory failures. The second is to actively stimulate market activity 
by, for example, setting targets, changing public procurement policy, creating collaboration 
platforms and providing financial or technical support to businesses. These approaches are 
complementary and policymakers can determine where to put the emphasis, taking inspira-
tion from the most applicable aspects of both approaches’.

Within public procurement, cities have the power to set high thresholds for recycled content 
in their public tenders and encourage the use of reusable and recyclable materials and prod-
ucts. Other suggestions are fast-tracked approval of construction permits, easier access to 
capital and stimulating new ownership models of buildings and constructions [15]. Creating 
platforms for collaboration and promoting value networks instead of value chains could also 
be a role for cities, as shown by the city of Brussels in the BAMB project [14] and the Dutch city 
of Almere in their UpCycle City contest [19]. A key takeaway from the Amsterdam Circular is 
to work closely together with the private sector and research institutes to find new business 
models in the context of existing strategies, such as green procurement.

Note that there is a growing belief that markets should be created without government inter-
ference like subsidies and levies on raw materials but much more by facilitating the emer-
gence of business models that can work over time.

Figure 3. An illustration of the application of current definitions of waste [18].
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3.4. New buildings prepared for the future

New buildings can be requested to be designed and built in a ‘circular’ way. Better informa-
tion about a building would help close the loop, and lower costs as worst-case scenarios in the 
future need no longer apply. Digital tools like BIM and cloud-based platforms of comprehen-
sive data on buildings can already be used for today’s buildings.

3.4.1. Reversible design and open building concept

Modularity and flexibility are mentioned by the Ellen MacArthur Foundation as key to cir-
cular buildings in cities [2]. A Dutch Architect Manifesto refers to both adaptability/flexibil-
ity and easy-to-dismantle construction [20]. Research on such reversible building designs is 
broadly available, as shown in the BAMB project [14] and the EU-based project [21], although 
it is not a common practice yet. The Flanders region in Belgium has applied these principles 
in their policy for ‘Building for change’, a policy that anticipates on future changes in building 
use, as presented in [15].

An ‘open building’ concept is based on similar principles, thereby taking the perspective of 
ownership. This seems especially interesting in the urban environment, with many rental 
buildings and apartment blocks. This concept suggests that buildings need to be looked at 
from the perspective of the owner (long-term client) and the tenant (short-term client), respec-
tively. The diverging interests of these two owners make it important to treat them separately 
(two-step housing). Investors in real estate are interested in the ‘shell’ of a building, not the 
interior outfit, which is considered more of a liability. Cities in Japan are more advanced in the 
implementation of an open building concept which recognises that people need to adapt their 
living space according to changing circumstances. An entire industry sector has emerged 
around the remodelling of homes based on circularity principles: easy-to-remodel interiors, 
reuse of components and floor space tailored to family size [15, 22].

Encouraging innovation by adding reversible design to the conditions for competitive bidding 
on public works contracts and the development of EU-wide indicators and standards for revers-
ible building design would go a long way towards more sustainable building design and use.

3.4.2. Information throughout the chain

Information on the materials in a building and on the building itself over time facilitates a 
building to be a material bank in future. The digitalisation of society will support this.

Material passports are based on the principle that one should know what type of materials 
is applied in the building. Information on content should reveal potential future legacies of 
hazardous materials that could hamper recycling. Further information, e.g. on recyclability, is 
suggested [14, 23]. It is likely that building information modelling (BIM) will also play a role 
in the transfer of environmental product information through the chain, as it already fulfils 
this role for technical characteristics.

Whereas material passports are typically connected to products and their manufacturers, 
building passports could play a role in city policies. Building passports provide informa-
tion on the whole building design, its maintenance, refurbishments, etc. Building passports 
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are not well defined yet and are suggested for different purposes, including renovation and 
circular economy, but they could also be a helpful tool for risk evaluation in case of, e.g. 
a fire or natural disaster. An example of a building passport in the context of the circular 
economy is Madaster [24]. It is Madaster’s mission to eliminate waste by providing materials 
with an identity. The Madaster Platform facilitates the registration, organisation, storage and 
exchange of data of buildings over their lifespan, thereby becoming a public, online library 
of materials. The concept of building passports needs further development to be used in a 
consistent way on a large scale, but the principle clearly has a place when developing more 
circular buildings in an urban context.

3.4.3. What is a circular building?

It could be helpful in procurement and design processes if a definition of ‘circular buildings’ 
would exist. This is not the case, as the possibility of having a singular definition is being 
challenged, and the idea that ‘circular buildings’ are multidimensional is being considered.

Several suggestions have been made, for example in [2, 14, 20, 25]. Common themes in the 
descriptions of ‘circular buildings’ are energy efficiency, the materials applied in the building 
(their use of resources, reuse and recycling options and the waste they cause) and a design 
that enables long-term benefits from the building and its components.

Such a ‘circular building’ is not similar to a ‘sustainable building’: sustainability is to be assessed, 
but a circular building puts more focus on design and saving resources while not compromis-
ing sustainability. For the environmental assessment, an LCA approach as described before is 
indispensable. LCA reveals any trade-offs of specific measures targeting specific issues, like 
resources or waste in the circular economy. In this regard, it is important to remember that 
the circular economy and circular buildings target a goal—usually of reducing resource con-
sumption and waste—but ‘circularity’ is not a goal in itself! Not all circular concepts will result 
in environmental benefits in the end. It can be questioned, for example, if materials should be 
recycled into products that are not recyclable anymore—a pitfall for some innovative products 
made from waste.

4. Resilient buildings

4.1. Resilience

The term resilience has been around for centuries and has been used in engineering, ecology 
and psychology before coming to civil protection and disaster risk reduction.

Several definitions of the concept of resilience can be found in the literature, for example, 
in publications from Timmerman [26] and Holling [27]. The UN Office for Disaster Risk 
Reduction came with the following definition in 2009:

“The ability of a system, community or society exposed to hazards to resist, absorb, accommodate, 
adapt to, transform and recover from the effects of a hazard in a timely and efficient manner, including 
through the preservation and restoration of its essential basic structures and functions through risk 
management.” [28].
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3.4. New buildings prepared for the future

New buildings can be requested to be designed and built in a ‘circular’ way. Better informa-
tion about a building would help close the loop, and lower costs as worst-case scenarios in the 
future need no longer apply. Digital tools like BIM and cloud-based platforms of comprehen-
sive data on buildings can already be used for today’s buildings.

3.4.1. Reversible design and open building concept

Modularity and flexibility are mentioned by the Ellen MacArthur Foundation as key to cir-
cular buildings in cities [2]. A Dutch Architect Manifesto refers to both adaptability/flexibil-
ity and easy-to-dismantle construction [20]. Research on such reversible building designs is 
broadly available, as shown in the BAMB project [14] and the EU-based project [21], although 
it is not a common practice yet. The Flanders region in Belgium has applied these principles 
in their policy for ‘Building for change’, a policy that anticipates on future changes in building 
use, as presented in [15].

An ‘open building’ concept is based on similar principles, thereby taking the perspective of 
ownership. This seems especially interesting in the urban environment, with many rental 
buildings and apartment blocks. This concept suggests that buildings need to be looked at 
from the perspective of the owner (long-term client) and the tenant (short-term client), respec-
tively. The diverging interests of these two owners make it important to treat them separately 
(two-step housing). Investors in real estate are interested in the ‘shell’ of a building, not the 
interior outfit, which is considered more of a liability. Cities in Japan are more advanced in the 
implementation of an open building concept which recognises that people need to adapt their 
living space according to changing circumstances. An entire industry sector has emerged 
around the remodelling of homes based on circularity principles: easy-to-remodel interiors, 
reuse of components and floor space tailored to family size [15, 22].

Encouraging innovation by adding reversible design to the conditions for competitive bidding 
on public works contracts and the development of EU-wide indicators and standards for revers-
ible building design would go a long way towards more sustainable building design and use.

3.4.2. Information throughout the chain

Information on the materials in a building and on the building itself over time facilitates a 
building to be a material bank in future. The digitalisation of society will support this.

Material passports are based on the principle that one should know what type of materials 
is applied in the building. Information on content should reveal potential future legacies of 
hazardous materials that could hamper recycling. Further information, e.g. on recyclability, is 
suggested [14, 23]. It is likely that building information modelling (BIM) will also play a role 
in the transfer of environmental product information through the chain, as it already fulfils 
this role for technical characteristics.

Whereas material passports are typically connected to products and their manufacturers, 
building passports could play a role in city policies. Building passports provide informa-
tion on the whole building design, its maintenance, refurbishments, etc. Building passports 
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are not well defined yet and are suggested for different purposes, including renovation and 
circular economy, but they could also be a helpful tool for risk evaluation in case of, e.g. 
a fire or natural disaster. An example of a building passport in the context of the circular 
economy is Madaster [24]. It is Madaster’s mission to eliminate waste by providing materials 
with an identity. The Madaster Platform facilitates the registration, organisation, storage and 
exchange of data of buildings over their lifespan, thereby becoming a public, online library 
of materials. The concept of building passports needs further development to be used in a 
consistent way on a large scale, but the principle clearly has a place when developing more 
circular buildings in an urban context.

3.4.3. What is a circular building?

It could be helpful in procurement and design processes if a definition of ‘circular buildings’ 
would exist. This is not the case, as the possibility of having a singular definition is being 
challenged, and the idea that ‘circular buildings’ are multidimensional is being considered.

Several suggestions have been made, for example in [2, 14, 20, 25]. Common themes in the 
descriptions of ‘circular buildings’ are energy efficiency, the materials applied in the building 
(their use of resources, reuse and recycling options and the waste they cause) and a design 
that enables long-term benefits from the building and its components.

Such a ‘circular building’ is not similar to a ‘sustainable building’: sustainability is to be assessed, 
but a circular building puts more focus on design and saving resources while not compromis-
ing sustainability. For the environmental assessment, an LCA approach as described before is 
indispensable. LCA reveals any trade-offs of specific measures targeting specific issues, like 
resources or waste in the circular economy. In this regard, it is important to remember that 
the circular economy and circular buildings target a goal—usually of reducing resource con-
sumption and waste—but ‘circularity’ is not a goal in itself! Not all circular concepts will result 
in environmental benefits in the end. It can be questioned, for example, if materials should be 
recycled into products that are not recyclable anymore—a pitfall for some innovative products 
made from waste.

4. Resilient buildings

4.1. Resilience

The term resilience has been around for centuries and has been used in engineering, ecology 
and psychology before coming to civil protection and disaster risk reduction.

Several definitions of the concept of resilience can be found in the literature, for example, 
in publications from Timmerman [26] and Holling [27]. The UN Office for Disaster Risk 
Reduction came with the following definition in 2009:

“The ability of a system, community or society exposed to hazards to resist, absorb, accommodate, 
adapt to, transform and recover from the effects of a hazard in a timely and efficient manner, including 
through the preservation and restoration of its essential basic structures and functions through risk 
management.” [28].
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Today, increased risk to hazards is manifested in cities. Climate change (flooding), earthquakes 
and terrorism, for example, pose new challenges to cities. Cities should be resilient to prevent 
social breakdown, physical collapse or economic deprivation. The Rockefeller Foundation 
report for the City Resilience Framework [29] describes city resilience as ‘the capacity of cities 
to function, so that the people living and working in cities – particularly the poor and vulner-
able – survive and thrive no matter what stresses or shocks they encounter’. It is stated that 
risk assessments and measures to reduce specific foreseeable risks will continue to play an 
important role in urban planning. Buildings also have an important role to play in this area. 
In land-scarce urban areas, more and more people are working and making their homes in 
high-rise buildings, which impose a challenge on safety issues if not well taken care of. If 
an earthquake or a fire strikes in a dense city, the consequences can be very serious. Energy 
efficiency and sustainability should—and can—go hand in hand with more resilient buildings.

4.2. Resilient and sustainable buildings

In resilient cities, man-made infrastructure and buildings are well-conceived, well-constructed 
and safeguarded against known hazards. Building codes and standards should promote 
long-term robustness, flexibility to adapt in the future and safe failure mechanisms in the 
event of a shock [28].

It has been argued that design for resilience is to design for sustainability to reduce the 
environmental impacts and societal consequences of post-hazard repairs [30] (as referenced 
in [31]). Conversely, design for sustainability is to design for resiliency to prevent that the 
unlikely extreme events may impact the urban communities [31]. This study shows such an 
integrated approach for a holistic building design, considering safety, resiliency and sustain-
ability, based on multiple conflicting criteria. The US building assessment scheme RELI has 
its own system of not only assessing all types of risks related to resilient buildings but also 
starting from the sustainable building perspective [32].

It should be realised that building codes and standards often provide minimum requirements, 
focusing on safe escape of people. Standard EN 16309 for assessing sustainable constructions 
starts from this principle, by valuing ‘above codes’ performance as being more sustainable 
[33]. Accidental actions (earthquake, explosions, fire, traffic) are sustainable building aspects 
to assess. This shows once more the interlinkage of resilient and sustainable buildings.

The new EU Energy Performance of Buildings Directive (EPBD) from 2018 may lead to some 
improvements towards holistic building design, taking both energy performance and hazards 
into account. It requires for renovation projects to address fire safety and risks related to 
intense seismic activity affecting energy efficiency renovations and the lifetime of buildings, 
as well as the issue of healthy indoor climate conditions (Art.2a § 7 and Art.7 § 5).

4.3. Fire-resilient buildings

The above section clarifies that fire resilience also has a connection to sustainable buildings. 
The fire resilience of a building is often described as the ability of a building to withstand the 
effects of a fire, or it is often linked to the building’s fire resistance properties. However, fire 
resilience covers more than the technical characteristic of being fire-resistant—it considers 
how the environment, the community and economy adapt and recover from a fire.
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Fire can cause disturbance to a city’s ability to deliver its service to the community. Especially 
in densely populated urban areas, the built environment is a crucial part of the city’s infra-
structure. In January 2018, a fire in a hospital in South Korea killed 37 people and injured over 
100. All patients had to be evacuated and the hospital was immediately closed. This meant 
that this hospital was no longer able to serve the community, and the remaining patients had 
to be relocated somewhere else. To improve resilience, it is recommended to include property 
protection of critical infrastructure, in addition to the current requirements for life safety in 
case of fire [34].

Also, efforts to improve the sustainability of buildings often focus on increasing energy 
efficiency and reducing the embodied carbon. However, a fire could reduce the overall 
sustainability of a building through the release of pollutants and the subsequent rebuild. 
Furthermore, fires have a range of less immediate and obvious adverse consequences on the 
natural environment. These include air contamination (which is likely to also include land 
and water contamination), contamination from water runoff containing toxic products and 
other environmental releases from burned materials.

As stated earlier, there is a disconnection between sustainable building approaches and build-
ing regulations. When designing a sustainable and energy-efficient building, architects usu-
ally focus on elements such as using solar energy and promoting air circulation. In parallel, 
fire safety requires the respect of building codes and other specific national requirements 
focusing on other elements such as safe escape routes and optimal operating conditions for 
fire fighters.

Moreover, sustainable building assessments are based on a life-cycle description of buildings, 
which is scenario-based—scenarios that do not plan for fire. However, statistics show the 
scenario of a fire occurring during the lifetime of a building is a realistic scenario altogether. 
In the USA, for example, an estimated 380,200 residential building fires were reported to fire 
departments each year between 2013 and 2015 [35].

Therefore, methods that include quantitative risk assessment (QRA) for predicting fire spread 
to adjacent structures; life-cycle assessment (LCA) for estimating the environmental impact, 
the fire response and replacement of damaged materials; and cost–benefit analysis (CBA) for 
estimating the economic impact of the fire have been proposed to analyse optimal designs 
and environmental consequences [36]. These methods could be one solution to include fire 
resilience in sustainable building assessment.

In summary, fire safety, sustainability and energy efficiency should be assessed together. A 
risk assessment should be performed both when building new and when renovating as fire 
does not only have an impact on the structure of a building but also has societal, environmen-
tal and economic impacts that we should try to mitigate.

5. Conclusions

Managing urban areas and resources is one of the most important development challenges of 
the twenty-first century. Moreover, efficient and resilient buildings play a major role as part 
of the urban infrastructure.
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Today, increased risk to hazards is manifested in cities. Climate change (flooding), earthquakes 
and terrorism, for example, pose new challenges to cities. Cities should be resilient to prevent 
social breakdown, physical collapse or economic deprivation. The Rockefeller Foundation 
report for the City Resilience Framework [29] describes city resilience as ‘the capacity of cities 
to function, so that the people living and working in cities – particularly the poor and vulner-
able – survive and thrive no matter what stresses or shocks they encounter’. It is stated that 
risk assessments and measures to reduce specific foreseeable risks will continue to play an 
important role in urban planning. Buildings also have an important role to play in this area. 
In land-scarce urban areas, more and more people are working and making their homes in 
high-rise buildings, which impose a challenge on safety issues if not well taken care of. If 
an earthquake or a fire strikes in a dense city, the consequences can be very serious. Energy 
efficiency and sustainability should—and can—go hand in hand with more resilient buildings.

4.2. Resilient and sustainable buildings

In resilient cities, man-made infrastructure and buildings are well-conceived, well-constructed 
and safeguarded against known hazards. Building codes and standards should promote 
long-term robustness, flexibility to adapt in the future and safe failure mechanisms in the 
event of a shock [28].

It has been argued that design for resilience is to design for sustainability to reduce the 
environmental impacts and societal consequences of post-hazard repairs [30] (as referenced 
in [31]). Conversely, design for sustainability is to design for resiliency to prevent that the 
unlikely extreme events may impact the urban communities [31]. This study shows such an 
integrated approach for a holistic building design, considering safety, resiliency and sustain-
ability, based on multiple conflicting criteria. The US building assessment scheme RELI has 
its own system of not only assessing all types of risks related to resilient buildings but also 
starting from the sustainable building perspective [32].

It should be realised that building codes and standards often provide minimum requirements, 
focusing on safe escape of people. Standard EN 16309 for assessing sustainable constructions 
starts from this principle, by valuing ‘above codes’ performance as being more sustainable 
[33]. Accidental actions (earthquake, explosions, fire, traffic) are sustainable building aspects 
to assess. This shows once more the interlinkage of resilient and sustainable buildings.

The new EU Energy Performance of Buildings Directive (EPBD) from 2018 may lead to some 
improvements towards holistic building design, taking both energy performance and hazards 
into account. It requires for renovation projects to address fire safety and risks related to 
intense seismic activity affecting energy efficiency renovations and the lifetime of buildings, 
as well as the issue of healthy indoor climate conditions (Art.2a § 7 and Art.7 § 5).

4.3. Fire-resilient buildings

The above section clarifies that fire resilience also has a connection to sustainable buildings. 
The fire resilience of a building is often described as the ability of a building to withstand the 
effects of a fire, or it is often linked to the building’s fire resistance properties. However, fire 
resilience covers more than the technical characteristic of being fire-resistant—it considers 
how the environment, the community and economy adapt and recover from a fire.
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Fire can cause disturbance to a city’s ability to deliver its service to the community. Especially 
in densely populated urban areas, the built environment is a crucial part of the city’s infra-
structure. In January 2018, a fire in a hospital in South Korea killed 37 people and injured over 
100. All patients had to be evacuated and the hospital was immediately closed. This meant 
that this hospital was no longer able to serve the community, and the remaining patients had 
to be relocated somewhere else. To improve resilience, it is recommended to include property 
protection of critical infrastructure, in addition to the current requirements for life safety in 
case of fire [34].

Also, efforts to improve the sustainability of buildings often focus on increasing energy 
efficiency and reducing the embodied carbon. However, a fire could reduce the overall 
sustainability of a building through the release of pollutants and the subsequent rebuild. 
Furthermore, fires have a range of less immediate and obvious adverse consequences on the 
natural environment. These include air contamination (which is likely to also include land 
and water contamination), contamination from water runoff containing toxic products and 
other environmental releases from burned materials.

As stated earlier, there is a disconnection between sustainable building approaches and build-
ing regulations. When designing a sustainable and energy-efficient building, architects usu-
ally focus on elements such as using solar energy and promoting air circulation. In parallel, 
fire safety requires the respect of building codes and other specific national requirements 
focusing on other elements such as safe escape routes and optimal operating conditions for 
fire fighters.

Moreover, sustainable building assessments are based on a life-cycle description of buildings, 
which is scenario-based—scenarios that do not plan for fire. However, statistics show the 
scenario of a fire occurring during the lifetime of a building is a realistic scenario altogether. 
In the USA, for example, an estimated 380,200 residential building fires were reported to fire 
departments each year between 2013 and 2015 [35].

Therefore, methods that include quantitative risk assessment (QRA) for predicting fire spread 
to adjacent structures; life-cycle assessment (LCA) for estimating the environmental impact, 
the fire response and replacement of damaged materials; and cost–benefit analysis (CBA) for 
estimating the economic impact of the fire have been proposed to analyse optimal designs 
and environmental consequences [36]. These methods could be one solution to include fire 
resilience in sustainable building assessment.

In summary, fire safety, sustainability and energy efficiency should be assessed together. A 
risk assessment should be performed both when building new and when renovating as fire 
does not only have an impact on the structure of a building but also has societal, environmen-
tal and economic impacts that we should try to mitigate.

5. Conclusions

Managing urban areas and resources is one of the most important development challenges of 
the twenty-first century. Moreover, efficient and resilient buildings play a major role as part 
of the urban infrastructure.
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The development in European legislation of buildings and several initiatives of cities them-
selves are going in the direction of a more holistic and integrated approach that includes 
accidental hazards like fire as an integral part of sustainable buildings and energy renovation 
approaches.

With an increasing demand for buildings in cities and an ageing and outdated building stock, 
there is a huge potential for urban regeneration to use the built environment as a key element 
towards achieving both environmental and social objectives.

Buildings have the potential to be part of the solution of today’s and tomorrow’s challenges 
in sustainable cities by taking a holistic approach. Extensive experience already exists across 
the world for how to build and renovate in a sustainable way to achieve high-quality, low-
energy-consumption and resilient buildings. The main task is to find ways to scale the exist-
ing activities and to develop new and viable business models around the challenges faced in 
managing urban areas and resources.
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The development in European legislation of buildings and several initiatives of cities them-
selves are going in the direction of a more holistic and integrated approach that includes 
accidental hazards like fire as an integral part of sustainable buildings and energy renovation 
approaches.

With an increasing demand for buildings in cities and an ageing and outdated building stock, 
there is a huge potential for urban regeneration to use the built environment as a key element 
towards achieving both environmental and social objectives.

Buildings have the potential to be part of the solution of today’s and tomorrow’s challenges 
in sustainable cities by taking a holistic approach. Extensive experience already exists across 
the world for how to build and renovate in a sustainable way to achieve high-quality, low-
energy-consumption and resilient buildings. The main task is to find ways to scale the exist-
ing activities and to develop new and viable business models around the challenges faced in 
managing urban areas and resources.
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Abstract

The urban heat island (UHI) effect has drawn attention to monitor and evaluate outdoor 
thermal comfort in cities worldwide. The rapid, large-scale urban development in China 
is producing urban climate change in large cities, creating other urban environmental 
problems such as haze weather, which is one of the most important environmental issues 
in China. High-density building development will change the urban typology, leading 
to changes in the urban sky view factor (SVF) and microclimate. Since the energy con-
sumed by indoor heating and air conditioning is highly related to the outdoor mean air 
temperature, a high SVF should be considered in the planning period. In this chapter, 
the typical urban planning styles in China are evaluated. Four microscaled residential 
and three commercial districts in Xi’an city are selected, to represent the typical urban 
typology of residential and commercial districts that developed during different histori-
cal periods and used the urban simulation system scSTREAM to evaluate the impact of 
urban renovation types on urban climate change.

Keywords: urban renovation, urban typology, climate change, outdoor comfort, 
environmental simulation

1. Introduction

1.1. Urban climate change in cities

In recent years, urban climate change has been observed in most of the world’s developed 
cities. In central Beijing, the annual air temperature rose 0.36°C during 1961–1980. However, 
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during the building boom between 1981 and 2000, it rose 0.94°C [1]. The correlation coef-
ficient between the impervious surface rate and land surface temperature in Beijing reached 
0.93, which means the impervious of urban surface is providing a large contribution to urban 
climate change [2]. Climate models indicate that due to the expected warming of up to 9°C 
by the 2080s in the Arctic and the southern and central Prairies [3], the number of days with 
average temperatures above 30°C is likely to increase in cities across Canada, especially those 
in the Windsor-Quebec corridor (such as Toronto) and portions of British Columbia. Thus, 
urbanization patterns, especially in the central parts of cities, have a large impact on urban cli-
mate change. The spatial variability of urban heat islands (UHIs) in cities has been found to be 
a function of urban surface properties, which in turn are influenced by land cover, especially 
vegetation cover and building density [4].

The deep urban canopy created by high rises can increase the wind speed in urban areas and 
affect the urban thermal environment. A simulation comparison of high-rise and low-rise 
buildings in the Lujiazui district of Shanghai found that with low-rise buildings, wind speed 
declined 22%, air temperature decreased 7%, and O3 decreased 9% [5]. Another study used 
wind tunnel measurements to examine wind velocities in Toronto, confirming that among 
several high-rise towers, wind often accelerated above 10 m/s; this created wind-chill effects 
and exerted mechanical forces on pedestrians, making it unsafe for them to walk [6]. The 
openness of urban geometry can be defined using the sky view factor (SVF). The correla-
tion between SVF and the urban thermal environment has been demonstrated in Montreal, 
Canada [7–9]. A high SVF, which means more open urban space, could be related to a lower 
UHI index.

Urban development largely serves the purposes of economic development. Especially in 
China, large-scale, rapid urban development mostly focuses on the operational efficiency of 
cities, with little attention to the long-term environmental effects. This is a major cause of 
China’s current environmental crisis, and the problem is rapidly spreading to India as well as 
other countries of Southeast Asia and the Middle East.

1.2. The urban typology changes of cities

With the accelerated speed of urban development and the constant expansion in Chinese cit-
ies, the urban typology has undergone drastic changes in the past 10 years. Xi’an is a historical 
city as well as one of the most developed cities in China’s central plains, which is experiencing 
rapid urbanization development, urban renewal and expansion. Most of the current urban 
buildings were constructed after 1979 [10]. Different development styles and residential 
building types can be observed for the different periods of rapid urban development. The 
urban typology changes of Xi’an is the epitome and representative that of China.

In China, the government started to pay attention on economic development and infrastruc-
ture redevelopment after 1979. In the process of redeveloping existing urban areas, new 
construction was continuously built on the edges of central urban areas. In order to meet 
the residential demand for citizens, large factories led to developed residential communities 
around the factories for their staff and workers. During this period, most of the buildings are 
built in 5–6 stories, and some of these have seven floors.

Sustainable Cities - Authenticity, Ambition and Dream62

After the high-speed urban expansion, real estate developers started to have a major impact 
on urban reform after 1990s. New large-scale developments started occurring outside the city 
core. During this period, the sense of building design and construction quality became more 
important than that in the past. High-rise and detached houses were also developed in some 
of the projects, and most buildings were still 5–7 stories.

After 2000, because of the increased population density, the high-rise building has become 
the most common construction style in residential development projects. The first demand 
of residential construction has shifted from meeting the citizens’ living to promoting real 
estate and the urban economy status. The process of urban expansion in Xi’an is showed in 
Figure 1. It is clearly showing that urban occupation has grown rapidly during 2000–2010. 
Meanwhile, urban building density has also increased because of the high building density of 
recent development projects.

2. Methods

Residential building is the most typical form of architecture in the city as some related research 
points out. From 2000 to 2010, area of residential land accounts for the largest proportion in 
urban land use type [12]. In this study, typical urban planning styles in China were selected 
and analyzed. Microscale residential districts in Xi’an were selected for representing the typi-
cal urban typology of residential districts that developed during different periods and used 
the urban simulation system scSTREAM (Software Cradle Co., 2011) to evaluate the impact of 
urban typology change on urban climate change.

2.1. Urban typology in Xi’an city

To estimate the impact of urban typology to urban ventilation and urban air quality, four 
typical residential areas were selected. The first area, Sanxuejie, is a low-rise area, a tradi-
tional residential zone rebuilt after the 1950s. It retains the urban form used in China Science 
the Ming and Qing Dynasties (about 600 years ago), with narrow streets between residential 
buildings, most of which have two floors. The second area, Xitiedaminggong, is a middle-rise 
neighborhood developed in the early 1990s. All of the residential buildings are five floors in 

Figure 1. Urban expansion in Xi’an [11].

Urban Renovation and the Simulation Evaluation of Urban Climate Change in Residential…
http://dx.doi.org/10.5772/intechopen.79267

63
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China’s current environmental crisis, and the problem is rapidly spreading to India as well as 
other countries of Southeast Asia and the Middle East.

1.2. The urban typology changes of cities

With the accelerated speed of urban development and the constant expansion in Chinese cit-
ies, the urban typology has undergone drastic changes in the past 10 years. Xi’an is a historical 
city as well as one of the most developed cities in China’s central plains, which is experiencing 
rapid urbanization development, urban renewal and expansion. Most of the current urban 
buildings were constructed after 1979 [10]. Different development styles and residential 
building types can be observed for the different periods of rapid urban development. The 
urban typology changes of Xi’an is the epitome and representative that of China.

In China, the government started to pay attention on economic development and infrastruc-
ture redevelopment after 1979. In the process of redeveloping existing urban areas, new 
construction was continuously built on the edges of central urban areas. In order to meet 
the residential demand for citizens, large factories led to developed residential communities 
around the factories for their staff and workers. During this period, most of the buildings are 
built in 5–6 stories, and some of these have seven floors.
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After the high-speed urban expansion, real estate developers started to have a major impact 
on urban reform after 1990s. New large-scale developments started occurring outside the city 
core. During this period, the sense of building design and construction quality became more 
important than that in the past. High-rise and detached houses were also developed in some 
of the projects, and most buildings were still 5–7 stories.

After 2000, because of the increased population density, the high-rise building has become 
the most common construction style in residential development projects. The first demand 
of residential construction has shifted from meeting the citizens’ living to promoting real 
estate and the urban economy status. The process of urban expansion in Xi’an is showed in 
Figure 1. It is clearly showing that urban occupation has grown rapidly during 2000–2010. 
Meanwhile, urban building density has also increased because of the high building density of 
recent development projects.

2. Methods

Residential building is the most typical form of architecture in the city as some related research 
points out. From 2000 to 2010, area of residential land accounts for the largest proportion in 
urban land use type [12]. In this study, typical urban planning styles in China were selected 
and analyzed. Microscale residential districts in Xi’an were selected for representing the typi-
cal urban typology of residential districts that developed during different periods and used 
the urban simulation system scSTREAM (Software Cradle Co., 2011) to evaluate the impact of 
urban typology change on urban climate change.

2.1. Urban typology in Xi’an city

To estimate the impact of urban typology to urban ventilation and urban air quality, four 
typical residential areas were selected. The first area, Sanxuejie, is a low-rise area, a tradi-
tional residential zone rebuilt after the 1950s. It retains the urban form used in China Science 
the Ming and Qing Dynasties (about 600 years ago), with narrow streets between residential 
buildings, most of which have two floors. The second area, Xitiedaminggong, is a middle-rise 
neighborhood developed in the early 1990s. All of the residential buildings are five floors in 

Figure 1. Urban expansion in Xi’an [11].
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height and perfectly represent the character of the building type constructed in the period 
between 1979 and the beginning of the 1990s. The third neighborhood, Jiaodayicun, is a mix-
rise area of low-rise and high-rise buildings, home to a variety of building styles developed 
around the 1980s and 2000s. The last selected neighborhood, Gongyuantianxia, is a high-rise 
residential neighborhood developed in 2009. The average building floor in this area was 17 
floors in height, representing the common development style after 2000 (Figure 2).

Besides, three typical shopping areas in different layout which present the typical urban typol-
ogy of shopping district are selected. A domain of 500 × 500 m was chosen for the simulation 
models, and the detailed input domain data and weather data are presented in Tables 3 and 4.

The first is Xiao Zhai shopping district, which is located in Xi ‘an Yan Ta district. Since 2001, 
it has become the second largest business circle in Xi ‘an, and the area is mainly composed of 
small retail shops and large shopping centers, and these commercial buildings have no uni-
fied planning, and they are not built in the same period. In this district, they also have some 
residential architectures. Therefore, it can be said to be a traditional kind of mixed layout 
shopping district, and it is common in Xi’an. The second is Shu Yuan men shopping district, 
and it is located in the east side of the south gate in Xi’an. It has been developed since the 
Ming dynasty, and it has become a kind of antique commercial street with Ming dynasty and 
Qing dynasty architecture style. In this area, building density is relatively high, but building 
height is low, generally only 2–3 levels of height. Meanwhile, there are some old residential 
one-storied houses in the area. Therefore, it is a traditional historical and cultural district for 
shopping. The third is Tang West Market Group shopping district. It is the only project that 
was rebuilt on its original site in China. Through overall planning and design, this area was 

Figure 2. Xi’an satellite photo with the four areas selected for this study and defined as low-rise area (Sanxuejie), middle-
rise area (Xitiedaminggong), mix-rise area (Jiaodayicun) and high-rise area (Gongyuantianxia). The area represented in 
this figure is indicated in Figure 3 and Tables 1 and 2.
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open in 2012. In this area, there are one big shopping center, one supermarket, one hotel, one 
museum and an antique market. They are basically multistoried buildings. Therefore, it is a 
new mixed-use shopping district.

Figure 3. Image selected areas and simulation domain data.

Low-rise Middle-rise Mix-rise High-rise

Site size (m) 280 × 440 520 × 364 450 × 340 410 × 300

Simulation size (m) 1080 × 1240 1520 × 1364 1450 × 1340 1410 × 1300

Grid size (m) 0.6–6.0

Table 1. Details of simulation domain size in the four selected areas.

Low-rise Middle-rise Mix-rise High-rise

Site area (m2) 123,200 189,280 153,000 95,850

Built area (%) 51 19 14 6

Green area (%) 22 28 41 49

Floor area (%) 106 153 242 254

Average floor 2 5 7 17

Table 2. Land use and building height properties in the four selected areas.
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2.2. Simulation

A commercial CFD code, scSTREAM (Software Cradle Co., 2011), was used to simulate the 
urban ventilation properties. Detailed distributions of air current and pressure per direc-
tion can be visualized. The simulation models were built according to the realities shown in 
Figure 3, and the detailed input data are presented in Tables 1, 2 and 5.

The wind environment (Xi’an Weather Station, 2016) on a typical summer day (21st July, 2016) 
and a typical winter day (21st December, 2015) is selected for analysis. The wind direction and 
wind speed between 6:00 a.m. and 8:00 p.m. are shown in Figure 4. The average wind speed 

Xiao Zhai Shu Yuan men Tang West Market 
Group

Layout type Layout along the street 
shopping district

Traditional historic and culture block 
shopping district

New

Construction time 2002 1991(1906) 2012

Building coverage (%) 32 46 33

Average building height 
(m)

40.6 5.6 28.3

Green coverage (%) 32.4 24.3 26.6

Table 4. Related parameters of three areas

Materials Density [kg/m3] Specific heat [J/(kg K)] Thermal conductivity [W/(m K)]

Building Concrete 1600 1000 0.65

Road Asphalt 2120 920 0.74

Side walk Redbrick 1650 840 0.62

Inside surface Mortar 2000 800 1.3

Green Soil 1340 1700 0.7

Table 5. Details of ground surface material characteristics for simulation

Figure 4. The wind condition in a typical summer day (21st July, 2016) and a typical winter day (21st December, 2015). 
The main wind directions are shown in red.
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on the summer day was 2 m/s, and the wind directions were N, ENN, EN, ENE, and E, the 
main being EN; the average wind speed on the winter day was 1.25 m/s, and the wind direc-
tions were N, ENN, and EN, the main direction being ENN. The average wind speed and all 
of the wind directions in different seasons served as the initial condition for the simulations 
in scSTREAM. The main wind directions were here used for detailed results analysis and 
discussion.

3. Results

3.1. Results of urban air quality and urban ventilation

3.1.1. Air pollution distribution in Xi’an city

The field measurement results of the PM10 concentration distribution in the summer of 2016 
are shown in Figure 5. The air pollution concentration distribution was not averagely distrib-
uted in the city. Comparison of Figure 4 and the satellite photo in Figure 2 showed the distri-
bution of air pollution to be partially but directly related to urban density. This is because the 
urban typology affects urban ventilation and accelerates aggregation, and the air pollution in 
high-density urban districts is subsequently high.

In order to clarify the mechanism of the air pollution concentration in high-density areas, the 
low-rise and middle-rise areas that located in highly polluted areas are selected for simula-
tion. This phenomenon will be discussed with the simulation results.

3.1.2. Wind environment simulation

On a summer day, five wind directions (N, ENN, EN, ENE, E) were simulated at a wind speed 
of 2 m/s. On a winter day, three wind directions (N, ENN, EN) were simulated at a wind speed 
of 1.25 m/s. Figures 6 and 7 present the simulation results in the selected four urban areas.

In summer (Figure 6), with the effects from trees, the median wind speed in the low-rise area 
was slower than in the other areas, and the wind speed in the mix-rise area was fastest. With 
a wind direction of EN, the median wind speed in mix-rise area was 0.35 m/s, which was 
0.15 m/s higher than in the low-rise and middle-rise areas, respectively. The median wind 
speed in high-rise area was slightly slower (0.03–0.06 m/s) than in the low-rise and middle-
rise areas, but there were small areas of higher wind speed in the high-rise area, and these 
reached 2.13 m/s (2–3 times of the max wind speed in the low-rise and middle-rise areas). This 
could explain the results of high PM10 concentration measured in low-rise and middle-rise 
areas shown in Figure 7.

In winter (Figure 7), without the effects from trees, the median wind speed in the mixed-rise 
area was higher than in the other areas. With a wind direction of ENN, the median wind 
speed in mixed-rise area was 0.24 m/s higher than in the low-rise area and 0.19 m/s higher 
than in the middle-rise area. The median wind speed in the high-rise area is 0.09 and 0.28 m/s 
lower than in the middle-rise and mixed-rise areas. This is to say, the low-rise area (high-built 
density) and the high-rise area (high urban roughness) are reducing the urban wind speed.
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on the summer day was 2 m/s, and the wind directions were N, ENN, EN, ENE, and E, the 
main being EN; the average wind speed on the winter day was 1.25 m/s, and the wind direc-
tions were N, ENN, and EN, the main direction being ENN. The average wind speed and all 
of the wind directions in different seasons served as the initial condition for the simulations 
in scSTREAM. The main wind directions were here used for detailed results analysis and 
discussion.

3. Results

3.1. Results of urban air quality and urban ventilation

3.1.1. Air pollution distribution in Xi’an city

The field measurement results of the PM10 concentration distribution in the summer of 2016 
are shown in Figure 5. The air pollution concentration distribution was not averagely distrib-
uted in the city. Comparison of Figure 4 and the satellite photo in Figure 2 showed the distri-
bution of air pollution to be partially but directly related to urban density. This is because the 
urban typology affects urban ventilation and accelerates aggregation, and the air pollution in 
high-density urban districts is subsequently high.

In order to clarify the mechanism of the air pollution concentration in high-density areas, the 
low-rise and middle-rise areas that located in highly polluted areas are selected for simula-
tion. This phenomenon will be discussed with the simulation results.

3.1.2. Wind environment simulation

On a summer day, five wind directions (N, ENN, EN, ENE, E) were simulated at a wind speed 
of 2 m/s. On a winter day, three wind directions (N, ENN, EN) were simulated at a wind speed 
of 1.25 m/s. Figures 6 and 7 present the simulation results in the selected four urban areas.

In summer (Figure 6), with the effects from trees, the median wind speed in the low-rise area 
was slower than in the other areas, and the wind speed in the mix-rise area was fastest. With 
a wind direction of EN, the median wind speed in mix-rise area was 0.35 m/s, which was 
0.15 m/s higher than in the low-rise and middle-rise areas, respectively. The median wind 
speed in high-rise area was slightly slower (0.03–0.06 m/s) than in the low-rise and middle-
rise areas, but there were small areas of higher wind speed in the high-rise area, and these 
reached 2.13 m/s (2–3 times of the max wind speed in the low-rise and middle-rise areas). This 
could explain the results of high PM10 concentration measured in low-rise and middle-rise 
areas shown in Figure 7.

In winter (Figure 7), without the effects from trees, the median wind speed in the mixed-rise 
area was higher than in the other areas. With a wind direction of ENN, the median wind 
speed in mixed-rise area was 0.24 m/s higher than in the low-rise area and 0.19 m/s higher 
than in the middle-rise area. The median wind speed in the high-rise area is 0.09 and 0.28 m/s 
lower than in the middle-rise and mixed-rise areas. This is to say, the low-rise area (high-built 
density) and the high-rise area (high urban roughness) are reducing the urban wind speed.
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In most of the cases, wind direction of EN provides the highest wind speed in allover the area. 
But, the results of high-rise area in summer are lower than the other directions. This is because 
of the effects from trees.

3.1.3. Wind speed distribution

Figures 8 and 9 show the details of wind speed distribution inside these four areas in the 
summer and winter. In the low-rise area, because of the high building density and narrow 
corridors between buildings, the overall wind speed was low, and it also had a pronounced 
effect on downwind areas. In the high-rise area, some areas of high wind speed were observed 
in between the high-rise buildings, but the wind speed in the leeside of the big volume build-
ings was extremely low. The mix-rise area showed the best ventilation properties of the four 
areas. Therefore, the traditional urban typology with low density and high built coverage 
creates the low urban ventilation at the human level. High-rise districts with large open space 
inside the district also reduce the overall wind speed.

In winter, without the effects from the trees, higher ventilation could be observed inside the 
four districts. Especially in the high-rise district, the wind property inside the community is 
promoted in the winter.

3.2. Results of urban typology and urban environment in typical shopping areas

ENVI-met was used to calculate the wind speed, the air temperature and the sky view factor 
(SVF) in all over the area at human height level (1.5 m height from the ground). The results 
are shown in Figure 10. They are all stimulated data at 1400 h.

Figure 5. Distribution of PM10 concentration in the central of Xi’an.
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In Figure 11, it is shown the result of the wind speed stimulation of three shopping districts. 
In a previous paper, Steemers selected six different layouts of building combinations to simu-
late the wind speed of the regional environment and found when the building parallel to the 
direction of the wind, ventilation rate is the highest in the street space, but the ventilation 
rate of building space is poor in the combination of combination and courtyard [13]. As can 
be seen from the simulation diagram, the average wind speed in Tang West Market Group 
shopping district (0.77 m/s) is stronger than others (Xiao Zhai is 0.75 m/s and Shu Yuan men 
is 0.76 m/s). This is because of the lower land cover in Tang West Market Group shopping 
district which creates more open spaces and wider streets. Meanwhile, the street space in this 
area is more orderly and vertical. However, Shu Yuan men shopping district’s wind speed is 
stronger than Xiao Zhai, although its site coverage is higher. Because it has less trees in the 
area and its average building height is lower than Xiao Zhai.

In Figure 12, it shows the air temperature of three areas. We can see Xiao Zhai’s temperature 
value is lower than other two. Shu Yuan men’s average air temperature is 29°C, and it is 1°C 
higher than Xiao Zhai’s and Tang West Market Group. The proposed reason for this is that 
more plants are built in Xiao Zhai shopping district, and these trees can effectively reduce 

Figure 6. Wind speed in four selected areas in a typical summer day (21st July, 2016).

Figure 7. Wind speed in four selected areas in a typical winter day (21st December, 2015).
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Figure 8. Wind speed distribution in four selected areas at 1.5 m height from the ground in summer (wind speed: 2 m/s; 
wind direction: EN).

Figure 9. Wind speed distribution in four selected areas at 1.5 m height from the ground in winter (wind speed: 1.25 m/s; 
wind direction: ENN).
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the air temperature in the area. Because the green plants mainly reduce the environment 
temperature by shadow and evapotranspiration. Through the role of the cover plants, two 
buildings ‘walls and roof surface’ temperature can be reduced by 11–25°C [14]. Moreover, the 
high-temperature area in Shu Yuan men is larger than others because it has less vegetation 
in the area. This is to say, tree planting in the urban area is providing contribution on wind 
speed and air temperature reducing, and it can enhance thermal comfort.

In Figures 10 and 13, we can see the SVF images of three study areas. View factor is a geo-
metric ratio, which is a part of radiation from the surface A blocked by object B [15]. Unger 
studied on the 35 city areas for 0.25 km2 in Hungary Szeged and proved the SVF closely 
related to the intensity of thermal environment in the microenvironment, which existed a 
good linear relationship [16]. As the SVF increases, heat intensity decreases [17]. The average 
of Xiao Zhai shopping district’s SVF value is 0.36, but in Shu Yuan men is 0.52 and in Tang 
West Market Group is 0.45. Therefore, the SVF of Shu Yuan men is the highest of the three. 

Figure 10. Sky view factor in the three shopping districts.
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Figure 12. Air temperature distribution in the middle of a summer day (22nd July, 2016) at 1.5 m height.

Figure 13. Sky view factors in the middle of a summer day (22nd July, 2016) at 1.5 m height.

Figure 14. Mean radiant temperature in the middle of a summer day (22nd July, 2016) at 1.5 m height.
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This is because the high building density creates deeper urban canopy, and less vegetation in 
this area model makes more open space. Therefore in Tang West Market Group, we also can 
see a high numerical concentration in the central area, which is an open square. However, in 
Xiao Zhai, although there are many open spaces in the area, there are a lot of plants that cover 
them. Therfore, its SVF value is the lowest of three districts.

In Figure 14, these are results of mean radiant temperature in three areas. In these images, we 
can see that lower values mainly concentrate in the green plants area in the shopping district, 
and higher values is in the other spaces without vegetation.

4. Discussion

Urban ventilation plays an important role in the urban environment. In summer, urban venti-
lation contributes to urban heat dissipation and urban heat island mitigation. In winter, high 
wind speed accelerates the aggregation of air pollution. Results demonstrated that the urban 
typology affects urban ventilation and urban air quality. However, it is usually difficult to 
change the urban form over a short period in areas that have already been developed.

Most of China’s cities have undergone fast economic growth, urban expansion, and urban 
redevelopment. This unique situation is the reason of the rapid environmental degradation 
in Chinese cities, which could also be useful to the other countries. The fast change in form in 
China’s urban areas has provided an opportunity to optimize urban environments in short 
periods. This requires an urgent establishment of related policies to regularize environmental 
urban development and redevelopment.

5. Conclusion

This work demonstrated that the wind environment in the low-rise area and the high-rise 
area are characterized by high building density and the pronounced urban roughness. 
Wind speed was 0.04–0.09 m/s lower in the high-rise area than in the middle-rise area 
and 0.04–0.14 m/s lower in the low-rise area than in the middle-rise area. Wind speed is 
0.19–0.27 m/s lower in the high-rise area than in the mixed-rise area and 0.21–0.28 m/s 
lower in the low-rise area than in the mixed-rise area. Overall, the balance between build-
ing height and building ratio should be considered in future urban development projects. 
The information from this work provides information useful to the cultivation of environ-
mental urban policy.

Overall, high-density urban residential and commercial development is providing a big 
impact on the urban wind environment and urban thermal environment. While this gives 
hints for UHI mitigation during the day, and it creates physical obstacles for heat release 
during the nights. A lower SVF reduces the urban radiation absorption from the Sun, but also 
reduces the outgoing longwave radiation from the urban surfaces. The spread of air pollution 
is affected by the wind turbulence around high buildings. Future studies should consider 
more detailes of the layout and volume of high-rise buildings in urban development projects 
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to reduce urban climate change. The results of this study provide clues for related environ-
mental urban development mechanisim in Chinese cities as well as in the other cities in all 
over the world.
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Abstract

The present chapter provides an interdisciplinary integrated methodological frame-
work. This framework guides to develop a multi-criteria spatial decision support system 
(MC-SDSS) to support decision-making processes in urban energy planning (UEP) pur-
poses. The MC-SDSS helps in evaluation and visualization of the results of different UEP 
scenarios involving the relative stakeholders and decision-makers (DMs) from the early 
stage of planning. This will help in defining and evaluating energy-saving scenarios taking 
into account the participation of stakeholders in an interactive way. The meaning of inte-
grating different tools and methods in this framework is due to their complementarity in 
fulfilling various tasks in the UIEP process. This fact can help to assess, over a short-/long-
term period, the mix of measures by analysing meaningful scenarios focused on energy 
consumptions, environmental impacts and economic and social aspects. The result is the 
development of a new MC-SDSS, which is an interactive energetic plug-in in GIS envi-
ronment using CommunityViz. This tool has been applied to a demonstrator case study, 
related to a medium-sized city of the metropolitan area of Turin. However, the methodol-
ogy used for delivering the tool can be applied to other contexts due to its flexibility.

Keywords: interactive energy retrofitting scenarios, spatial planning support  
system: an interdisciplinary integrated methodological approach, geographic 
information system (GIS)

1. Introduction

Sustainability contests represent a fundamental challenge to traditional urban devel-
opment practices and concepts. Reducing energy consumption and greenhouse gas 
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emissions from urban infrastructure and building stock towards low-carbon cities requires 
a supportive planning process. In this regard, the use of appropriate tools and methods 
in order to address complex interactions of urban integrated energy planning (UIEP) pro-
cesses is needed [1]. However, there is still not an integrated method to meet the urban 
integrated energy planning (UIEP) purposes [2]. In the mentioned study, the necessary 
approaches, which are needed to create the future urban energy consumption paths for 
scenario analysis, are described. Particularly, the importance of using geographic informa-
tion system (GIS) for calculating, managing, storing and visualizing data at the urban scale 
is highlighted.

The chapter discusses in detail the steps design of methodological approach of a new inte-
grated multi-criteria spatial decision support system (MC-SDSS) to evaluate and visualize the 
results of different UIEP scenarios involving the relative stakeholders and decision-makers 
(DMs) from the early stage of planning [3]. This will help in defining and evaluating energy-
saving scenarios taking into account the participation of stakeholders in an interactive way. 
The meaning of integrating different tools and methods in this framework is due to their 
complementarity in fulfilling various tasks in the UIEP process.

The proposed methodology framework is explained in Section 2. Afterwards, Section 3 illus-
trates the first results of the methodology application. Finally, some concluding and limita-
tion remarks of this study are given in Section 4.

2. Methodology: an interdisciplinary integrated approach

From the literature basing on a compilation of fragmented definitions, the section puts for-
ward a synthetic description of key terminologies used, in order to facilitate and improve 
the debates on this emerging field [4]. UIEP is defined by [1], as a model-based energy 
planning process. This is divided into the following four main phases: Phase I, prepara-
tion and preliminary analysis; Phase II, detailed urban buildings energy modelling; Phase 
III, prioritization and decisional process and Phase IV, implementation and monitoring 
(Figure 1).

To address a complex issue of UIEP, which consists of many different planning phases 
involving multi-sectors and objectives, there is a need for an interdisciplinary approach [5]. 
In fact, the planning processes in urban energy problems may be not specifically innovative 
approach; however, its management by means of integrated, cross-sector, multi-criteria and 
multi-actor approaches is absolutely a novel approach to be resolved [4]. In this vein, many 
cities should struggle to develop innovative methods to successfully reinforce the collabora-
tion among different research disciplines dealing with energy issues [6].

On one hand, considering the existing research gaps and methodological directions, this 
study follows an interdisciplinary path. Both technical (e.g. energy modeling) and societal 
(e.g. an active engagement of relevant actors and interest groups) elements help to perform a 
proper UIEP, especially from the stakeholders’ perspective [7]. On the other hand, this study 
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is fundamentally based on ‘multi-methodology integration’ defined by [1], in which parts of 
different methodologies are combined (e.g. statistical, engineering, focus groups, etc.).

In structuring the UIEP, it is important to select different appropriate approaches and to 
choose them considering the decision context and the type of planning project. Furthermore, 
it is crucial to analyse how it is possible to implement the interaction among the different 
stakeholders. As a result, the developed MC-SDSS for UIEP in the built environment uses 
techniques at the crossroads of three domains (see Figure 2):

• Spatial database, which constitutes the GIS platform including all the relative information 
and data and enables the use of analytical process and outcomes such as the maps, graphs 
and tables

Figure 1. Urban integrated energy planning (UIEP) phases, adopted from [1].

Figure 2. Schematic overview of the three main components of this research.
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• Spatial building energy modeling, which develops a bottom-up modeling to evaluate the 
current and future energy consumption at the city scale concluding a sufficient level of detail

• Spatial decision support system, which is the fact that the decision-makers (DMs) can express 
and exert their preferences with respect to multiple evaluation criteria and/or alternatives 
and, consequently, get back feedback in a real time to increase the DMs trust in the outcomes

The integration and combination of this technical know-how allow providing maps of energy, 
economic, environmental, social and technical indicators resulting from the evaluation of 
energy-saving scenarios. This provides a supportive tool for the urban actors in the participa-
tory planning processes allowing several stakeholders with different backgrounds and inter-
ests to gather and discuss the issues of several urban and regional energy-saving scenarios 
[8]. In the following section, the integration of theoretical proposed framework and how it is 
supposed to be applied to the study practice are shown.

2.1. Research framework of MC-SDSS for UIEP

A new MC-SDSS, which is an interactive plug-in of ArcGIS 10.3 (www.arcgis.com) environ-
ment helps dynamically analyse the energy retrofitting scenarios based on the stakeholders’ 
preferences over an urban scale. The methodological framework of this study consists of 
several phases involved in the framework of an integrated urban energy planning according 
to Mirakyan and De Guio [1]. Hence, it is helpful to break it down into the main elements 
that frame it to understand the research process steps employed in this study. To this end, in 
Figure 3 a schematic flowchart of the methodological approaches is shown.

2.1.1. Phase I: preparation and preliminary analysis

Accordingly, the fieldwork should be started from the quantitative data collection to character-
ize the building stock and to create a supportive geodatabase. This phase (Phase I) is entitled 
‘preparation and preliminary analysis’. Phase I is the foundation of all processes and modeling 
approaches in the next Phases, II and III. Of course, the GIS database can be always updated, 
and more data can be joined into the framework. In this step, the information characterizes by 
georeferenced and non-georeferenced data. Therefore, the georeferencing procedure should be 
performed for those non-georeferenced ones in order to create a strong geospatial database. 
All the collected data have been then overlapped and integrated into the GIS platform. In this 
regard, each building polygon has been associated with its available and necessary information. 
The goal of this phase is to create a 2D-GIS-database platform for the city including the several 
factors, which may influence the building energy issues. The use of GIS was crucial since it offers 
the opportunity to characterize the building stocks and to visualize the spatial distribution of a 
large number of data through its location-based feature and its multiple layers representation.

2.1.2. Phase II: detailed urban buildings energy modeling

Consequently, Phase II intends to perform to model the energy consumption of building 
stock in a detailed way. First, a bottom-up statistical model has been developed to estimate 

Sustainable Cities - Authenticity, Ambition and Dream82

Figure 3. A schematic overview of the methodological approach.

Multi-criteria Spatial Decision Support System for Urban Energy Planning: An Interdisciplinary…
http://dx.doi.org/10.5772/intechopen.80883

83



• Spatial building energy modeling, which develops a bottom-up modeling to evaluate the 
current and future energy consumption at the city scale concluding a sufficient level of detail

• Spatial decision support system, which is the fact that the decision-makers (DMs) can express 
and exert their preferences with respect to multiple evaluation criteria and/or alternatives 
and, consequently, get back feedback in a real time to increase the DMs trust in the outcomes

The integration and combination of this technical know-how allow providing maps of energy, 
economic, environmental, social and technical indicators resulting from the evaluation of 
energy-saving scenarios. This provides a supportive tool for the urban actors in the participa-
tory planning processes allowing several stakeholders with different backgrounds and inter-
ests to gather and discuss the issues of several urban and regional energy-saving scenarios 
[8]. In the following section, the integration of theoretical proposed framework and how it is 
supposed to be applied to the study practice are shown.

2.1. Research framework of MC-SDSS for UIEP

A new MC-SDSS, which is an interactive plug-in of ArcGIS 10.3 (www.arcgis.com) environ-
ment helps dynamically analyse the energy retrofitting scenarios based on the stakeholders’ 
preferences over an urban scale. The methodological framework of this study consists of 
several phases involved in the framework of an integrated urban energy planning according 
to Mirakyan and De Guio [1]. Hence, it is helpful to break it down into the main elements 
that frame it to understand the research process steps employed in this study. To this end, in 
Figure 3 a schematic flowchart of the methodological approaches is shown.

2.1.1. Phase I: preparation and preliminary analysis

Accordingly, the fieldwork should be started from the quantitative data collection to character-
ize the building stock and to create a supportive geodatabase. This phase (Phase I) is entitled 
‘preparation and preliminary analysis’. Phase I is the foundation of all processes and modeling 
approaches in the next Phases, II and III. Of course, the GIS database can be always updated, 
and more data can be joined into the framework. In this step, the information characterizes by 
georeferenced and non-georeferenced data. Therefore, the georeferencing procedure should be 
performed for those non-georeferenced ones in order to create a strong geospatial database. 
All the collected data have been then overlapped and integrated into the GIS platform. In this 
regard, each building polygon has been associated with its available and necessary information. 
The goal of this phase is to create a 2D-GIS-database platform for the city including the several 
factors, which may influence the building energy issues. The use of GIS was crucial since it offers 
the opportunity to characterize the building stocks and to visualize the spatial distribution of a 
large number of data through its location-based feature and its multiple layers representation.

2.1.2. Phase II: detailed urban buildings energy modeling

Consequently, Phase II intends to perform to model the energy consumption of building 
stock in a detailed way. First, a bottom-up statistical model has been developed to estimate 

Sustainable Cities - Authenticity, Ambition and Dream82

Figure 3. A schematic overview of the methodological approach.

Multi-criteria Spatial Decision Support System for Urban Energy Planning: An Interdisciplinary…
http://dx.doi.org/10.5772/intechopen.80883

83



the heating energy consumption for the built environment space heating at the city level. This 
model is based on the integration of statistical analysis with 2D-GIS to map the current energy 
consumption of the city [9]. The novelty of the proposed statistical model lies on its simplicity 
and applicability and the high level of their robustness in the literature. However, these sta-
tistical methods rely strongly upon monitored real data. It should be noted that fortunately, 
the author succeeded to collect a sample of information of energy billings as a data source 
for modeling purpose and for analysing the link between energy consumption and a wide 
range of different variables. Moreover, the statistical models are also able to take into account 
socio-economic effects in the equations [10]. They perform reliable consumption information 
about the present condition of buildings and for the calibration process of engineering-based 
models. However, due to the strong dependency of statistical methods on available historical 
consumption data, these methods are limited to predict the impact of innovative technology 
options and energy-saving potential after applying renewal solutions.

In counterpart, engineering methods are very detailed models based on traditional thermo-
dynamic relationships and heat transfer calculations [10]. Although the historical data can be 
used for making a comparison against measured consumption data, these methods can assess 
energy consumption without any historical information. However, the engineering modeling 
approaches require a high quantity of information about building structure and parametric 
input to calculate the energy consumption of a set of reference buildings of the stock based on 
a numerical model. In this, 3D city models can significantly help [11]. One of the main ben-
efits of engineering-based methods is their ability to predict energy-saving quantity for build-
ings after renovating solutions application [12]. In this phase, the methodology proposes to 
simulate the energy consumption of urban areas after applying retrofitting actions. Although 
the engineering methods are able to predict future conditions, simulating whole cities using 
energy demand software can be very extensive in terms of computer resources and data col-
lection. The reduction of these time-consuming methods thus still remains to be resolved. 
Therefore, a new methodology, using city archetypes, is proposed to simulate the energy 
consumption of urban areas including urban energy planning scenarios. The objective of this 
part is to present an innovative solution for the simulation of the energy demand of cities by 
using a simplified 3D-GIS model, designed as a function of the city urban characteristics.

In fact, the methodology framework combines both the statistical and engineering approaches 
to obtain a more robust prediction of the urban energy consumption. The framework is 
performed in order to reduce time-consuming processes of energy demand simulation and 
assessment and for designing urban energy-saving scenarios. A spatial distribution of urban 
building energy consumption in 2D/3D visualization provides spatial decision support sys-
tem (SDSS) tool in order to identify where the energy consumption is mostly concentrated to 
make the better decisions.

2.1.3. Phase III: prioritization and decisional process

Phase III of the study follows ‘a mixed methodology’ that combines qualitative and quantita-
tive approaches [7]. Qualitative research refers to semi-structured focus groups formed in 
which the qualitative data such as stakeholders’ opinion are collected through discussions 
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and questionnaires. Particularly, the use of focus groups by stakeholders in this study has the 
following implication: it reflects the ‘mixed methodology’ choice for Phase III with the use 
of qualitative (semi-structured focus groups, questionnaires, playing card) and quantitative 
(building stock energy data, costs, etc.) data collection and analysis methods.

Regarding the definition of evaluation criteria, several methods exist in the literature [13]. 
The present study proposes a participative approach in order to define the evaluation criteria 
through the multi-stakeholders workshop including semi-structured focus group organized 
involving relevant stakeholders [14]. The definition of evaluation criteria side by side with 
the real local stakeholders leads to have trustable results that grantee the robustness of plan-
ning process. A vast number of available MCDA approaches make it necessary to carefully 
select the most appropriate method for each specific decision context. In this framework, the 
‘playing cards’ is chosen [15] due to some reasons. First, it is a simple and intuitive method 
and easy to be understood, even by non-experts in the field of decision processes [16]. Second, 
they can help DMs in managing values that cannot be quantified without difficulty, involving 
qualitative judgments. Finally, the technical parameters involved in the playing card method-
ology can be interpreted easily, allowing a simplification of the problem. Lombardi et al. [14] 
describe the main the procedure of ‘playing cards’ method and its results.

Subsequently, each of the selected criteria from the workshop has been analysed and 
assessed to be implemented in a new MC-SDSS tool (see Section 3). Two main instruments, 
Interactive Impact Assessment (IIA) and Suitability Analysis (SA), are modeled and adapted 
in order to develop a new MC-SDSS. Several dynamic attributes and indicators were mod-
eled and coded using CommunityViz as a planning support system (PSS) tool [17]. This PSS 
tool is selected as a base for further modeling processes due to its several strengths. It helps 
in analysing and understanding the potential alternatives and their impacts through visual 
investigation and scenario analysis. Moreover, this tool is interactive and provides dynamic 
feedbacks on changing the assumptions and viewing the influences of changes on the future 
scenarios on the fly. Furthermore, it engages stakeholders in participative and collabora-
tive decision-making processes through visualization in real-time approach. All the above 
strengths lead to stronger consensus and better decisions in resolving complex problems. 
The detailed methodological procedure developed for supporting this phase of research is 
under progress of publication.

This methodological approach provides a significant innovative progress in the research field 
that is developing an interactive plug-in tool for UIEP in the GIS environment. In this regard, 
finally, the second workshop is organized to test the usability and validate the tool from the 
real stakeholder point of view. For evaluation purposes, this workshop is included in two 
semi-structured focus groups. This step attempts to understand the weaknesses and strengths 
of the mentioned framework. In this workshop, the questionnaires also were designed for 
analysing the stakeholders’ feedbacks about the developed tool. Within the use of this GIS 
extension, public administrative users, such as urban energy planners, policymakers and 
built environment stakeholders, can plan, design and manage low-carbon cities. This plug-in 
will provide the stakeholders with the ability to visualize interactively and explore a range of 
possible future-saving scenarios.
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3. Methodology application

The present section illustrates the interface of the developed MC-SDSS tool based on the meth-
odology framework explained in the previous section (Section 2). As mentioned before, this tool 
is an interactive plug-in in GIS environment, which has been adapted from an existing urban 
planning tool called CommunityViz. The developed MC-SDSS tool supports the stakeholders 
in urban energy planning through participatory and collaborative processes. It helps make 
better decisions by expressing the stakeholders’ preferences and their conflicting objectives.

3.1. An interactive MC-SDSS tool

All the phases were integrated in order to create a new MC-SDSS tool. This tool uses 
CommunityViz, which is an ArcView modular GIS-based decision support system developed 
by the Orton Family Foundation (http://www.communityviz.com). The above-said tool is able 
to integrate different types of data such as scripts, numbers, 2D maps, 3D visualization and 
raster in a real-time and multidimensional environment [17]. CommunityViz encompasses 
two main components as extensions to ArcGIS: (i) Scenario 360 to map and analyze and (ii) 
Scenario 3D to visualize. Conceptually, Scenario 360 can be described as a spatial spreadsheet 
allowing for calculations on spatially related data and formulas that call standard GIS func-
tions [18]. Since each formula, assumption and dependency is viewable and editable, there is 
not any ‘black box’ element to a model defined in Scenario 360 [18].

CommunityViz Scenario 360 adds interactive analysis tools and a decision-making framework 
to the ArcGIS platform with which stakeholders can understand the planning processes easily. 

Figure 4. CommunityViz interface; the case study of Settimo Torinese.
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Stakeholders can define different decision assumptions and visualize on the fly how the changes 
may affect environmentally, economically, technically and socially the future scenarios. This 
dynamic process helps urban actors to negotiate in order to make better decisions [17]. Moreover, 
it helps facilitate an understanding of the complex problems such as UIEP [19]. Within this tool, 
many presentation features are available to assist in sharing information with the users includ-
ing maps, alerts and charts. In these views, stakeholders can ask ‘what-if’ questions and visual-
ize ‘if-then’ scenarios in a real time and discuss it very quickly and effectively [20].

CommunityViz Scenario 360 is selected for this study due to its several strengths. It helps 
analyze and understand the potential alternatives and their impacts through visual investiga-
tion and scenario analysis. Moreover, it creates a real-time experiment with different sce-
narios, changing the assumptions quickly and viewing influences on changes. Furthermore, 
it engages stakeholders in participative and collaborative decision-making processes through 
visualization and interactive media [21]. All aforementioned strengths lead to stronger con-
sensus and better decisions in resolving complex problems.

Figure 4 shows the interface of Scenario 360 modeled for the case study of Settimo Torinese. 
Particularly, the tool consists in building dynamic attributes, which are changeable based upon:

• Data: dynamic data layers create new or add existing layers to the Scenario 360 analysis 
geodatabase. An important feature is that it provides a dynamic data about features on a 
map that can be performed by formulas. Therefore, when one aspect changes, the software 
recalculates the entire analysis.

• Assumption: slider bars or tables let change assumptions during analysis. Using the 
assumptions, the stakeholders can express their preferences and decisions. When an 
assumption is changed, all associated formulas with that assumption are automatically 
recalculated within the scenario.

• Indicators: formula-driven analysis results that are updated automatically while the analy-
sis is performed. Indicators can show the outcome of one or several dynamic attributes.

The stakeholders can experiment their preferences and decisions altering the slide bars. 
Consequently, they can visualize and analyse the impact of their decisions over different 
energy retrofitting scenarios. The impact of different scenarios is then visible through differ-
ent charts, maps and indicators. The tool provides the ability of comparison among different 
scenarios and indicators.

4. Conclusion

This chapter summarizes the overall conclusion and relative limitation for each phase of plan-
ning. In particular, this work creates a link between energetical, economical, societal, techni-
cal and environmental performances of retrofitting interventions. The research boundaries 
were delineated by focusing on existing residential building stock since they characterize the 
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context of most European cities. The relative available data of these buildings were first col-
lected and georeferenced from various sources. Based on the created geospatial database, the 
building energy consumption patterns were statistically modeled to map the current energy 
patterns over the entire city. Afterwards, the archetype model of the city was created in order 
to speed up and ease the future energy-saving simulations by applying the retrofitting solu-
tions. The geospatial database was used as the object of multi-criteria analysis assessments. 
Finally, an interactive MC-SDSS was created to support the DMs in defining energy-saving 
scenarios in real time.

4.1. Phases I and II

As illustrated in Figure 3, to model the energy consumption over the entire city, a large num-
ber of historical data are needed. The most challenging issue was related to collecting and 
integrating the built environment data and information since the data are significantly scat-
tered among several entities at the local level, and there is a lack of interoperability among 
the data sources. Actually, this section reports that one of the main barriers to developing a 
robust and detailed analysis is correlated with the data collection procedure. Especially in 
Italy, information about building stock and their energy performances are derived from dif-
ferent regional and local authorities, and they are not often homogeneous. Therefore, in order 
to set up an effective energy planning at the local scale, it is crucial to improve the quality of 
data availability and management. Data availability of buildings’ energy consumption will 
hopefully improve in the future thanks to smart metering and real-time data monitoring fol-
lowing recent open data policy. To this end, a supportive GIS database where all the scattered 
information and data were georeferenced is first created.

Referring to the energy consumption modeling at the urban scale, this framework proposed a 
geospatial statistical modeling. Generally, statistical methods estimate the energy consump-
tion based on a historical data. The model succeeded to estimate the energy consumption of 
most existing buildings, where the monitored data was not available. However, due to the 
strong dependency of statistical models on existing available data, these methods are not able 
to predict the impact of the future refurbishment solutions. Therefore, there was a need to 
simulate the future city energy performances. However, the simulation of the whole city may 
be extremely time-consuming.

Therefore, Phase II within the research framework in Figure 3 proposed a novel engineering 
methodology to accelerate the urban area energy consumption simulations, including urban 
planning renovation scenarios. The energy demand of cities, as well as the microclimatic con-
ditions, was calculated by using a simplified archetype 3D model designed as a function of the 
city urban characteristics. By the proposed archetype modeling approach, this method shows 
that the number of buildings to be simulated can be drastically reduced with no particular 
influence on the accuracy of the results. On one hand, the main advantage of an engineering-
based method is the capability of predicting energy savings for buildings after the application 
of renovation measures. On the other hand, these methods are very detailed models based on 
thermodynamic relationships and heat transfer calculations. As a general remark, the histori-
cal data can be used for the comparison against measured consumption data.
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4.1.1. Limitations

This study suggests first a spatial data collection and then an integrated procedure of urban 
energy modeling approaches based on the data collected (i.e. statistical and engineering). This 
faces several barriers including:

Regarding the data collection

• The energy consumption data is not usually open source; thus, a huge effort was needed to 
collect the data from different entities and to ask the collaboration from local stakeholders.

• The georeferencing procedure of data could be also a challenging issue. In many cases, the 
necessary information related to the buildings are associated with the building number (as 
points) rather than the building polygon. The tricky issue is that these points are sometimes 
situated between two or three buildings having the same distance. Thus, it is not easy to 
understand that the data belongs precisely to which building.

Regarding the statistical modeling approach

• A vast amount of historical available data is needed. For many regions, it is almost impos-
sible to have a monitored data in terms of energy performances.

• The intrinsic limitation of statistical methods concerns the microclimate effects, which were 
not taken into account in the present work. In fact, a microclimate model that would give 
a single value for the whole city for air temperature would not significantly improve the 
results of the current model presented in this work.

Regarding engineering modeling approach

• The need for high-level detailed thermo-physics data of the buildings in the city.

• Setting up the simulations can be a tedious task requiring a lot of time and expertise.

• The simulations themselves are very time-consuming, and they require high-performing 
processors in order to perform the entire city.

4.2. Phase III

As illustrated in Figure 3, a MC-SDSS has been developed to support the stakeholders with dif-
ferent backgrounds and preferences. The tool is an interactive plug-in in ArcGIS environment. 
MC-SDSS is able to help participants in a user-friendly way to define energy refurbishment 
scenarios. Moreover, the tool gives an opportunity to generate the suitability maps, with which 
the stakeholders can analyze the grade of the suitability of their decisions. The development of 
MC-SDSS is based on an existing tool, named CommunityViz. Originally, CommunityViz is a 
software used to support urban planning purposes. Within this research, CommunityViz was 
adapted and modeled to support UIEP. Two main integrated instruments, Interactive Impact 
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context of most European cities. The relative available data of these buildings were first col-
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Finally, an interactive MC-SDSS was created to support the DMs in defining energy-saving 
scenarios in real time.

4.1. Phases I and II

As illustrated in Figure 3, to model the energy consumption over the entire city, a large num-
ber of historical data are needed. The most challenging issue was related to collecting and 
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tered among several entities at the local level, and there is a lack of interoperability among 
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ferent regional and local authorities, and they are not often homogeneous. Therefore, in order 
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be extremely time-consuming.
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based method is the capability of predicting energy savings for buildings after the application 
of renovation measures. On the other hand, these methods are very detailed models based on 
thermodynamic relationships and heat transfer calculations. As a general remark, the histori-
cal data can be used for the comparison against measured consumption data.
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4.1.1. Limitations
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MC-SDSS is able to help participants in a user-friendly way to define energy refurbishment 
scenarios. Moreover, the tool gives an opportunity to generate the suitability maps, with which 
the stakeholders can analyze the grade of the suitability of their decisions. The development of 
MC-SDSS is based on an existing tool, named CommunityViz. Originally, CommunityViz is a 
software used to support urban planning purposes. Within this research, CommunityViz was 
adapted and modeled to support UIEP. Two main integrated instruments, Interactive Impact 
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Assessment and Suitability Analysis, were modeled. The main difficulty was to adapt the tool 
to energy urban planning, considering many complex aspects of this issue. Modeling of all 
retrofit dynamic attributes and the type of connection between all the attributes was another 
difficulty of this part. The modeling design process is quite complex. The model should chain 
all the data, attributes and indicators. This means that once the stakeholders change one 
parameter, others will change automatically in their proposed scenario. The participants are 
able to rapidly experiment different energy renovation scenarios and change the assumption. 
This creates an effective interaction between the stakeholders. They can visualize very complex 
problem of energy-saving scenarios simply by different dynamic colorful maps, charts and 
indicators.

4.2.1. Limitations

This study suggests the development of a new MC-SDSS, which can define dynamic retrofit-
ting scenarios side by side with stakeholders. This faces several barriers including:

• The need for the tool that to be open source

• The difficulty of the workshops to be time-consuming involving real stakeholders

• The difficulty of the inclusion of conflicting point of views and then aggregation of stake-
holders’ preferences in a participative decision-making context

The proposed framework will help urban actors to develop energy planning projects, guiding 
them in the choice among a considerable number of existing planning approaches. The main 
advantages of the developed MC-SDSS in the field of urban energy planning can be sum-
marized as follows:

• To allow the participative processes

• To give a visualization opportunity for the decision process in specific areas

• To consider multiple criteria (e.g. economic, environmental, technical and, particularly, 
social aspects)

• To manage and store a very large amount of georeferenced data and to illustrate results 
requested by users according to different spatial forms (e.g. maps, graphs)

• To show the distribution of buildings’ geometrical characterization and buildings’ energy 
consumption
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Abstract

Congestion, lack of accessibility, social equity, air pollution, as well as rising CO2 emis-
sions are some of the key issues urban transport policymakers face. Motorised two-
wheelers and their accessibility benefits are often ignored in this discourse or seen as 
undesirable for reasons of pollution, noise, road safety and driving behaviour. Cycling, 
on the other hand, is viewed positively, yet faces substantial social and political barriers, 
and is suitable mainly for shorter trips. This chapter explores the role electric two-wheel-
ers (including pedelecs, e-mopeds and e-scooters) can play in urban vehicle ecosystems, 
using the sustainable mobility paradigm. Compared to traditional transport planning, 
this paradigm has a stronger focus on aspects such as accessibility, people, streets as a 
space, city liveability, as well as environmental impacts. The analysis is based on existing 
literature in the academic and policy realm and a comparison with other transport modes 
including motorcycles, bicycles, public transport and cars. It includes cases from China, 
Vietnam and the Netherlands, each of which have distinct mobility system characteris-
tics. Possible policy instruments to facilitate further deployment of electric two-wheelers 
are discussed as well. This chapter thereby helps filling a gap in transport, sustainable 
development and climate change mitigation literature, in which electric two-wheelers 
have not been well covered to date.

Keywords: e-bikes, electric two-wheelers, urban mobility, accessibility, sustainable 
transport, transport policy

1. Introduction

Substantial changes in urban mobility systems are required across the globe in order to reach 
sustainable development goals (SDGs) and climate change objectives. Indeed, sustainable urban 
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transport is essential to achieve SDG targets related to urban access, reduced health impacts 
from air pollution and road traffic crashes, clean energy, inefficiency of fossil fuel subsidies, 
resilient infrastructure, climate change measures and sustainable cities and communities [1].

Exposure to ambient air pollution results in 4.2 million deaths annually [2], and 9 out of 10 
urban dwellers breathe air that does not comply with the WHO standards. The transport sec-
tor is the largest contributor to PM2.5 pollution [3], with, for example, the economic cost of air 
pollution from road transport in OECD countries estimated at close to USD 1 trillion per year, 
measured in terms of the value of lives lost and ill health [4]. In addition, physical inactivity 
is responsible for 3.2 million deaths annually [5]. Data on noise impacts are limited; however, 
the health effects from exposure to noise are substantial. In the European Union, 65% of the 
urban population is exposed to noise above 55 dB, leading to an estimated 1–2 million DALYs 
annually [6]. Other concerns related to urban transport include increasing congestion and 
lack of accessibility, social equity and transport justice [7], urban liveability, habitat fragmen-
tation [8] and energy security or oil price vulnerability [9].

At the global level, urban (passenger) transport contributed about 2 billion tonnes of CO2 in 
2015 or one-quarter of total transport emissions (including international aviation and mari-
time transport) [4]. In order to meet the Paris Agreement climate change targets of staying 
well below 2° and aiming for 1.5°, total transport emissions have to be limited to 2–3 billion 
tonnes in 2050 from approximately 8 billion tonnes today [10]. As transport is where emis-
sions are rising the most rapidly among all sectors, this is a major challenge.

Traditionally, transport planning has been focussing on providing infrastructure to meet 
a projected future demand for transport. As Banister argued in his seminal article, ‘The 
Sustainable Mobility Paradigm’ [11], addressing the above-mentioned challenges requires 
fundamental shifts in transport planning. This new paradigm involves, among others, focus-
sing on accessibility of opportunities in the urban space rather than mobility and vehicular 
travel per se, management of travel demand, considering street as a ‘space’ rather than a road 
and including environmental and social concerns in transport project evaluation.

Most literature on sustainable mobility considers modal shift away from cars to more environ-
mentally benign modes. Within this, there is a significant and growing amount of research on 
cycling, with bicycles also enjoying a good reputation with policymakers in most countries. 
Motorcycles, on the other hand, are, by and large, ignored in sustainable transport research, 
as well as in policy discussions and climate change literature, although some researches are 
acknowledging its importance in meeting climate change objectives [12]. Since 2010, more 
literatures have been published on electric two-wheelers, such as e-bikes and electric scoot-
ers, which assess their potential impacts on the mobility systems and the environment, user 
motivations and aspects such as safety and driver behaviour [13].

This chapter aims to add to existing literature by (1) assessing qualitatively how electric two-
wheelers (E2W) can contribute to sustainable urban mobility and (2) reviewing policy options 
to enhance the role of E2W.

In this chapter, we adopt the following approach. The e-bike is a relatively new vehicle and in 
fact represents ‘the most rapid uptake of alternative fuelled vehicles in the history of motori-
sation’ [13]. E2W thereby change urban mobility ecosystems or regimes, including the vehicle 
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fleet composition, mobility options and urban planning. As a new mobility option for both 
passenger and freight (e-cargobikes), it has the potential to replace trips by other modes, 
notably bicycles, motorcycles, public transport and cars but also small trucks and vans. In 
addition, E2W may support other modes such as public transport by providing convenient 
first and last mile mobility. We particularly look at shifting from motorcycles to E2W as a 
way to maintain space-efficient (passenger) mobility on two wheels, yet in a cleaner fashion; 
however, shifting away from other modes may also be significant.

2. Conventional and electric two-wheelers: current situation

Two-wheelers powered by a combustion engine, including mopeds, scooters and motorcy-
cles, play a key role in transport in many parts of the world. In South and Southeast Asia, the 
share of two-wheelers in the passenger vehicle population is particularly high, for example, 
72% in India [14], 87% in Indonesia and 95% in Vietnam (95%) [15]. The fleet is growing by 
up to 10% annually in several Asian countries. In Europe, 12% of all registered vehicles are 
powered two-wheelers, though almost half of these are >250 cc [14] and often used for touring 
and sports purposes rather than utility mobility. In Brazil, 26% of the vehicle population are 
motorcycles and in North America, only 3% [14]. In China and Southeast Asia, two-wheelers 
account for more than a quarter of total passenger transport activity (measured in passenger-
km) in 2015, more than any other mode [12].

A motorcycle uses seven times less space compared to a car [16] and is more energy-efficient, 
even when accounting for a higher average occupancy of cars. Nevertheless, motorcycles are 
significant sources of air pollution, noise and CO2 emissions and are involved in a large share 
of road crashes.

In many cities in Asia, motorcycles are the preferred mode of transport by a large share of 
the population [17]. In dense cities, for example, Hanoi, accessibility to jobs by motorcycle is 
higher than by any other modes [18]. It enjoys higher status than a bicycle and is considered 
more convenient, particularly for hot and humid weather conditions. Motorcycles are rela-
tively affordable and can be acquired by most households, thereby making it an equitable 
mode of transport.

In European cities, motorcycle mode share is often low, however rising in recent years. 
Amsterdam is a case in point, with about 2% of trips in 2016 by mopeds and scooters, which 
is a doubling compared to 2008. Moreover, such two-wheelers are involved in 16% of road 
crashes [19]. Although there are plans and strong public support to ban mopeds and scooters 
from using bicycle lanes, as of mid-2018, these are still allowed on all bike lanes and are not 
required to wear helmets. The users are relatively diverse, that is, they include all age and 
income groups.

At the same time, electric two-wheelers are gaining importance and already take a signifi-
cant modal share in some countries in 2015, notably China (7%) and 2–4% in Denmark, the 
Netherlands and Japan [20]. China dominates E2W sales with about 30 million and a stock of 
about 250 million [17], followed in sales by Europe with 2.3 million, while the rest of the world 
accounts for about 1 million in 2015 [13].
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ers, which assess their potential impacts on the mobility systems and the environment, user 
motivations and aspects such as safety and driver behaviour [13].

This chapter aims to add to existing literature by (1) assessing qualitatively how electric two-
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and sports purposes rather than utility mobility. In Brazil, 26% of the vehicle population are 
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even when accounting for a higher average occupancy of cars. Nevertheless, motorcycles are 
significant sources of air pollution, noise and CO2 emissions and are involved in a large share 
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In many cities in Asia, motorcycles are the preferred mode of transport by a large share of 
the population [17]. In dense cities, for example, Hanoi, accessibility to jobs by motorcycle is 
higher than by any other modes [18]. It enjoys higher status than a bicycle and is considered 
more convenient, particularly for hot and humid weather conditions. Motorcycles are rela-
tively affordable and can be acquired by most households, thereby making it an equitable 
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Amsterdam is a case in point, with about 2% of trips in 2016 by mopeds and scooters, which 
is a doubling compared to 2008. Moreover, such two-wheelers are involved in 16% of road 
crashes [19]. Although there are plans and strong public support to ban mopeds and scooters 
from using bicycle lanes, as of mid-2018, these are still allowed on all bike lanes and are not 
required to wear helmets. The users are relatively diverse, that is, they include all age and 
income groups.

At the same time, electric two-wheelers are gaining importance and already take a signifi-
cant modal share in some countries in 2015, notably China (7%) and 2–4% in Denmark, the 
Netherlands and Japan [20]. China dominates E2W sales with about 30 million and a stock of 
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These are predominantly e-bikes, which fall roughly in two categories: pedal-assisted bicycles 
(also called pedelecs) or throttle-controlled electric mopeds with the option of pedal power (often 
for regulatory purposes). The former are the most common in Europe, while in China and some 
Southeast Asian countries, e-bikes of the latter types are dominant. The speeds are up to 20–25 
km/h for pedelecs and up to 45 km/h for e-mopeds, and the weight ranges from 20 to 45 kg. Electric 
scooters are capable of higher speeds and often fall in a different vehicle category than e-bikes.

To explore the characteristics of different E2W markets and their role in the mobility sys-
tem, we examine—briefly and in broad terms—developments in China, Vietnam and the 
Netherlands.

In China, petrol-fuelled motorcycle bans in many cities in the early 2000s—starting with a 
sales ban in Shanghai in 1996 [21]—have resulted in a large and fast uptake of especially 
scooter-style e-bikes, with a 15–25% trip mode share in major cities [22]. They have become 
popular as well in cities where conventional motorcycles are still allowed (Figure 1). E-bikes 
have pedals and are classified as nonmotorised vehicles, thereby there is no requirement to 
wear helmet nor for licencing, and they can use bicycle lanes. E-bikes are used by a wide 
range of user groups, in small, medium and large cities, also as access mode for public trans-
port. However, in general two-wheelers are used more by lower-income groups [23].

Within Southeast Asia, Vietnam has the highest share of motorcycles in the vehicle fleet [15]; 
however, e-bikes are not yet popular. The main users are those that do not have access to 
motorcycles. A key user group is students, who find these more convenient than the bicycle 
while it does not require a licence, registration or helmet, as is the case for motorcycles. 
E-bikes (Figure 2) are often of type that could be considered a hybrid between scooter-style 
and bicycle-style e-bikes. They have pedals, yet these are rarely used. There are two-wheeler 
lanes in some cities; however, in general they have to mix with other traffic. There are no 
specific policies to promote electric two-wheelers. A ban on motorcycles is planned in the city 
centre of Hanoi in 2030; however, whether this will cover e-bikes is not clear.

In Europe, most e-bikes are of the bicycle style. Weather is less of a barrier to cycling com-
pared to Asian countries; however, e-bike extends the range of trips that can be covered by 

Figure 1. Guilin, China: both conventional and electric motorcycles are used.
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bicycle, in distance and user groups. Looking at the Netherlands, e-bikes sales are increas-
ing rapidly and in 2017 account for about one-third of bicycle sales [24]. Although in the 
early days of e-bikes it was mostly the elderly buying E2W, in recent years, its popularity is 
spreading to many other groups, including students, commuters and parents of young chil-
dren. Approximately half of the km travelled is for recreational purposes [24]. E-bikes, just as 
mopeds, are allowed on the bicycle lanes (Figure 3); however, as of July 2018, speed pedelecs 
need to use the main road in urban areas.

3. The potential role of electric two-wheelers in sustainable urban 
mobility

In this section, we review how E2W fits in a sustainable urban mobility system. Based 
on Banister [11], we focus on aspects of accessibility, as well as social and environmental 
sustainability.

Figure 2. Hanoi, Vietnam: two-wheelers in mixed traffic, although on some roads space is allocated by mode.

Figure 3. Amsterdam, the Netherlands: bike lanes are used by bicycles, mopeds and electric bikes.
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need to use the main road in urban areas.
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sustainability.
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Most trips in cities across the globe are less than 10 km, and many are shorter than 5 km. In 
the Netherlands, over 50% of car trips are shorter than 7.5 km [24], and in medium-sized cities 
such as Rajkot and Visakhapatnam (1–2 million population) in India, nearly 80% of all trips 
are below 5 km [25]. Even in the United States, known for their relatively low density and 
sprawl, 35% of all car trips are less than 5 km and 60% are below 8 km [20]. Trips up to 5 km 
are generally considered to be suitable for cycling. E-bikes can extend the range of trips cur-
rently or potentially undertaken by bicycle [24, 26] by reducing barriers such as hilly terrain, 
weather, low speed, physical strain and bad air quality [13]. At the same time, e-bikes can 
replace trips by motorised modes such as motorcycle, car and public transport.

Mode shift impacts vary, as shown in emerging literature. In Chinese cities where petrol-
fuelled motorcycles are not allowed, e-bikes are displacing bus trips, yet also a significant 
share of trips by car/taxi and bicycle [13]. Some of the factors that impede use of bicycles are 
also barriers to using e-bike, for instance, heat, rain and air quality [26]. In Sweden, more than 
50% of e-bike users in both urban and rural areas report replacing car trips, across different 
trip purposes [27]. An analysis of studies in Europe shows that the proportion of e-bike trips 
that replace car trips ranges from 16 to 76% [28].

Two-wheelers provide accessibility benefits over cars and public transport. Especially in dense 
cities in Asia and Europe, bicycles and motorcycles are more affordable, flexible, reliable and 
often faster than cars. In addition to reduced space require for parking, motorcycles use 3.4 
times less road space than cars in Hanoi [29]. Two-wheelers are thereby much more space-effi-
cient than other private vehicles, even when considering a slightly higher average occupancy 
rate for cars. In the longer term, mobility based on two wheels thus has an impact on land use 
and urban development and enables denser and liveable cities as opposed to ‘sprawling car-
dominated cities’ [20]. Therefore, mobility modes and transport planning are strongly related 
to more fundamental questions around urban development and the future of cities.

Other positive impacts of e-bikes—compared to car or motorcycle travel—for individuals and 
society include health due to physical activity [13] and social interaction in the public space 
[30], although both these effects are less strong than for bicycle travel. In the economic realm, 
electrification of transport is a key strategy to reduce oil consumption and improve energy 
supply security.

Environmental benefits are substantial as well, in particular for climate change, air quality 
and noise. Compared to conventional motorcycles, electric two-wheelers emit substantially 
less CO2 emissions per km (on a life cycle basis), even when powered by coal-based electricity 
[31]. Indeed, over 80% of the 29 million tonnes of CO2 savings in 2017 by all types of electric 
vehicles globally are due to e-bikes in China [17]. For Vietnam, e-bikes are identified as the 
option with the second-largest CO2 abatement potential in the transport sector [32]. Kerdlap 
and Gheewala [33] show that in Thailand, deploying a fleet of 13.6 million electric motor-
cycles to replace an equivalent fleet of conventional petrol-powered motorcycles between 
2015 and 2030 could reduce two-wheeler life cycle CO2-eq emissions by approximately 
42–46%. Globally, it is estimated that in 2050, 22% of urban passenger travel can be by (e)
bike, compared to 6% in the base case. This results in 300 MtCO2 reductions in 2050 and USD 
1 trillion in savings from vehicle purchase and operation and construction and maintenance 
of infrastructure [20]. Moreover, meeting the Paris Agreement targets requires 70% of global 
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two-wheelers to be electric [17]. It should be noted that in peer-reviewed literature on climate 
change mitigation, however, there is limited attention for the role of electric two-wheelers.

Urban air pollution impacts are significant as well. The health impact of particulate matter on 
a person-km basis is lower than other modes that include petrol-powered cars, even for a coal-
based electricity grid [34]. Finally, e-bike can reduce noise significantly [35], as conventional 
motorcycles and cars are key sources of urban traffic noise.

Table 1 presents a qualitative assessment of the sustainability aspects of electric two-wheelers 
discussed above, in comparison with other modes. It should be noted that this comparison is 
for illustration purposes only, as the modes cover different trip distances and impacts may 
differ considerably depending on local circumstances, particularly transport planning and 
environmental standards. Public transport modes are bus, tram and metro. Paratransit covers 
a variety of more informally organised transport such as motorcycle taxis, three-wheelers 
and minibuses, which are sometimes used as feeder mode for high-capacity public transport. 
Equity assessment is based on typical costs of travel, including ticket prices for public trans-
port and total costs of ownership for private vehicles. In space efficiency, both parking and 
road space are considered. Lower CO2 emissions also imply improved energy efficiency (i.e. 
reduced resource consumption) as well as energy security. Public transport first and last mile 
trips often involve ‘active’ modes such as walking or cycling. Other environmental impacts, 
such as pollution from battery production, are not explicitly considered here.

In the above assessment, road safety has not been taken into account. A meaningful compari-
son between modes is not possible as often multiple modes are involved in one road crash. 
In addition, among countries, road crash rates and fatalities for all modes differ by more than 
an order of magnitude. That said, motorcycles are often associated with safety concerns, and 
globally 23% of the 1.3 million road deaths were drivers or passengers of motorised two- and 
three-wheelers [36]. In the Netherlands, an increase in road deaths in 2017 was associated 

Mode Typical 
trip 
distance

Equity Space 
efficiency

Air 
pollution

CO2 emissions/ 
energy use

Noise Physical 
activity

Walking <1.5 +++ +++ +++ +++ +++ +++

Cycling 1–5 +++ +++ +++ +++ +++ +++

E2W 1–15 ++ ++ +++ +++ +++ +

Motorcycle 1–15 ++ ++ + + 0 0

PT + NMT 1–20+ ++ +++ ++ ++ ++ ++

PT + paratransit 1–20+ ++ +++ + + + +

Paratransit 1–5 ++ ++ 0 + + 0

Car 1–20+ + 0 + 0 + 0

Notes: PT, public transport; NMT, nonmotorised transport; 0, lowest rating; +, low rating; ++, medium rating; +++, high 
rating.

Table 1. Environmental and social sustainability impacts of urban transport modes.
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Most trips in cities across the globe are less than 10 km, and many are shorter than 5 km. In 
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cient than other private vehicles, even when considering a slightly higher average occupancy 
rate for cars. In the longer term, mobility based on two wheels thus has an impact on land use 
and urban development and enables denser and liveable cities as opposed to ‘sprawling car-
dominated cities’ [20]. Therefore, mobility modes and transport planning are strongly related 
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Other positive impacts of e-bikes—compared to car or motorcycle travel—for individuals and 
society include health due to physical activity [13] and social interaction in the public space 
[30], although both these effects are less strong than for bicycle travel. In the economic realm, 
electrification of transport is a key strategy to reduce oil consumption and improve energy 
supply security.

Environmental benefits are substantial as well, in particular for climate change, air quality 
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cycles to replace an equivalent fleet of conventional petrol-powered motorcycles between 
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two-wheelers to be electric [17]. It should be noted that in peer-reviewed literature on climate 
change mitigation, however, there is limited attention for the role of electric two-wheelers.
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a person-km basis is lower than other modes that include petrol-powered cars, even for a coal-
based electricity grid [34]. Finally, e-bike can reduce noise significantly [35], as conventional 
motorcycles and cars are key sources of urban traffic noise.
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discussed above, in comparison with other modes. It should be noted that this comparison is 
for illustration purposes only, as the modes cover different trip distances and impacts may 
differ considerably depending on local circumstances, particularly transport planning and 
environmental standards. Public transport modes are bus, tram and metro. Paratransit covers 
a variety of more informally organised transport such as motorcycle taxis, three-wheelers 
and minibuses, which are sometimes used as feeder mode for high-capacity public transport. 
Equity assessment is based on typical costs of travel, including ticket prices for public trans-
port and total costs of ownership for private vehicles. In space efficiency, both parking and 
road space are considered. Lower CO2 emissions also imply improved energy efficiency (i.e. 
reduced resource consumption) as well as energy security. Public transport first and last mile 
trips often involve ‘active’ modes such as walking or cycling. Other environmental impacts, 
such as pollution from battery production, are not explicitly considered here.

In the above assessment, road safety has not been taken into account. A meaningful compari-
son between modes is not possible as often multiple modes are involved in one road crash. 
In addition, among countries, road crash rates and fatalities for all modes differ by more than 
an order of magnitude. That said, motorcycles are often associated with safety concerns, and 
globally 23% of the 1.3 million road deaths were drivers or passengers of motorised two- and 
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PT + paratransit 1–20+ ++ +++ + + + +

Paratransit 1–5 ++ ++ 0 + + 0

Car 1–20+ + 0 + 0 + 0

Notes: PT, public transport; NMT, nonmotorised transport; 0, lowest rating; +, low rating; ++, medium rating; +++, high 
rating.

Table 1. Environmental and social sustainability impacts of urban transport modes.
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with the rising use of e-bikes among the elderly, as these are more difficult to handle than 
bicycles [37], with e-bikes taking 30% of total bike fatalities [24]. Unruly driving behaviour, 
for example, jumping red lights at intersections, is a key concern with e-bike riders as well as 
bicyclists and motorcycles in various countries [13].

In Figure 4, the sustainability impacts as included in Table 1 are added and compared with 
accessibility benefits for urban trips of 2–10 km length in a dense city that has a balanced 
approach to transport planning for the different modes. Accessibility, or the ease of reaching 
opportunities, covers travel time, flexibility, reliability and ease of parking. The width of the 
ovals indicates how strongly accessibility depends on local conditions such as congestion, 
parking options, public transport service quality and urban planning. For example, in some 
cases a car may be as fast as a motorcycle, whereas in heavy congestion and limited parking 
availability, a car provides low accessibility.

A key observation from this figure is that E2Ws increase range and comfort of bicycles and 
improve sustainability performance of motorcycles while preserving accessibility benefits.

4. Policy options

In various countries, a limited number of policy initiatives are taken to promote electric mobil-
ity on two wheels. Yet in general, it can be stated there is a lack of policy attention, particularly 
in comparison to policy and research on other electric vehicles such as cars and buses.

Figure 4. Indicative qualitative assessment of sustainability impacts and accessibility benefits of urban transport modes 
for trips 2–10 km, on a person-km basis. Accessibility covers travel time including parking and reliability. Sustainability 
aspects here include equity, road and parking space efficiency, air pollution, CO2 emissions and fuel consumption, noise 
and physical activity (see Table 1). Larger ovals indicate larger spread in accessibility/sustainability benefits depending 
on local conditions. All vehicles except E2W are powered by internal combustion engines.
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There is a large potential in different regions to expand the use of electric two-wheelers, so 
what can be done do to harness this potential? Policymakers have a range of instruments that 
can be deployed [17]. In general, these can be organised by regulatory, economic and informa-
tive instruments [38], while for transport, often planning instruments are considered as well 
[39]. Table 2 presents a brief overview, after which these options are discussed.

In the realm of regulatory instruments, the strongest policy measure is to ban motorcycles 
powered by fossil fuels, as implemented in Chinese cities. A phase out of conventional 
motorcycles and moped sales is considered in the Netherlands [40]. Similarly, a low-emis-
sion zone in a city can be designed such that conventional motorcycles will not be able to 
comply with the required emission standard to be allowed to circulate in the zone. Further, 
to improve safety for two-wheelers, speed limits for shared roads can be an effective tool, 
e.g. 30 km/h in urban areas where no dedicated lanes exist. At the same time, helmet use 
can be made compulsory for vehicles capable of travelling faster than a certain speed, for 
example, 25 km/h. Finally, electric two-wheelers need an appropriate legal framework 
in national vehicle legislation. Malaysia, for example, has adopted standards for electric 
mopeds with speeds in the range of 25–50 km/h, covering safety, performance and national 
compliance issues [41].

Planning instruments are key as well, for example, allocating dedicated road space for two-
wheelers, together with quality standards for existing and new road surface that improves 
safety [14]. E2W then co-exist with either conventional motorcycles or bicycles, depending 
on the desired speed range and design of the two-wheeler lanes. For example, in China, 
e-bikes are often allowed on bike lanes. In addition, two-wheeler mobility can be made 

Instrument type Policy measure

Regulatory instruments Phase-out conventional motorcycles

Low-emission zones in cities

Speed limit 30 km/h on shared roads

Vehicle standards and registration requirement

Planning instruments Dedicated lanes for E2W (and bicycles)

Travel demand management, including traffic calming and 
parking management

Dedicated waiting boxes at intersections, optionally with shading

Electric bike-sharing facilities

Economic instruments Incentives such as subsidies, tax breaks for purchase or 
registration of E2W

Taxation of fuels (petrol and diesel)

Information/communication instruments Campaigns

Behaviour change programmes

Table 2. Overview of policy options to promote E2W.
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with the rising use of e-bikes among the elderly, as these are more difficult to handle than 
bicycles [37], with e-bikes taking 30% of total bike fatalities [24]. Unruly driving behaviour, 
for example, jumping red lights at intersections, is a key concern with e-bike riders as well as 
bicyclists and motorcycles in various countries [13].

In Figure 4, the sustainability impacts as included in Table 1 are added and compared with 
accessibility benefits for urban trips of 2–10 km length in a dense city that has a balanced 
approach to transport planning for the different modes. Accessibility, or the ease of reaching 
opportunities, covers travel time, flexibility, reliability and ease of parking. The width of the 
ovals indicates how strongly accessibility depends on local conditions such as congestion, 
parking options, public transport service quality and urban planning. For example, in some 
cases a car may be as fast as a motorcycle, whereas in heavy congestion and limited parking 
availability, a car provides low accessibility.

A key observation from this figure is that E2Ws increase range and comfort of bicycles and 
improve sustainability performance of motorcycles while preserving accessibility benefits.

4. Policy options

In various countries, a limited number of policy initiatives are taken to promote electric mobil-
ity on two wheels. Yet in general, it can be stated there is a lack of policy attention, particularly 
in comparison to policy and research on other electric vehicles such as cars and buses.

Figure 4. Indicative qualitative assessment of sustainability impacts and accessibility benefits of urban transport modes 
for trips 2–10 km, on a person-km basis. Accessibility covers travel time including parking and reliability. Sustainability 
aspects here include equity, road and parking space efficiency, air pollution, CO2 emissions and fuel consumption, noise 
and physical activity (see Table 1). Larger ovals indicate larger spread in accessibility/sustainability benefits depending 
on local conditions. All vehicles except E2W are powered by internal combustion engines.
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what can be done do to harness this potential? Policymakers have a range of instruments that 
can be deployed [17]. In general, these can be organised by regulatory, economic and informa-
tive instruments [38], while for transport, often planning instruments are considered as well 
[39]. Table 2 presents a brief overview, after which these options are discussed.

In the realm of regulatory instruments, the strongest policy measure is to ban motorcycles 
powered by fossil fuels, as implemented in Chinese cities. A phase out of conventional 
motorcycles and moped sales is considered in the Netherlands [40]. Similarly, a low-emis-
sion zone in a city can be designed such that conventional motorcycles will not be able to 
comply with the required emission standard to be allowed to circulate in the zone. Further, 
to improve safety for two-wheelers, speed limits for shared roads can be an effective tool, 
e.g. 30 km/h in urban areas where no dedicated lanes exist. At the same time, helmet use 
can be made compulsory for vehicles capable of travelling faster than a certain speed, for 
example, 25 km/h. Finally, electric two-wheelers need an appropriate legal framework 
in national vehicle legislation. Malaysia, for example, has adopted standards for electric 
mopeds with speeds in the range of 25–50 km/h, covering safety, performance and national 
compliance issues [41].

Planning instruments are key as well, for example, allocating dedicated road space for two-
wheelers, together with quality standards for existing and new road surface that improves 
safety [14]. E2W then co-exist with either conventional motorcycles or bicycles, depending 
on the desired speed range and design of the two-wheeler lanes. For example, in China, 
e-bikes are often allowed on bike lanes. In addition, two-wheeler mobility can be made 
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Regulatory instruments Phase-out conventional motorcycles
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Speed limit 30 km/h on shared roads

Vehicle standards and registration requirement

Planning instruments Dedicated lanes for E2W (and bicycles)

Travel demand management, including traffic calming and 
parking management

Dedicated waiting boxes at intersections, optionally with shading

Electric bike-sharing facilities

Economic instruments Incentives such as subsidies, tax breaks for purchase or 
registration of E2W

Taxation of fuels (petrol and diesel)

Information/communication instruments Campaigns

Behaviour change programmes
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more attractive, for example, by advanced stop boxes for two-wheelers at intersections (see 
Figure 1, right-hand side), which can be shaded in tropical regions to protect drivers from heat 
and rain. Travel demand management, to make car travel less attractive, is required as well. 
Measures include traffic calming (e.g. speed bumps), reducing parking supply, fuel taxation 
and restricting access to roads while allowing two-wheelers, ensuring a lower ‘detour’ factor 
for the latter. Finally, electric bikes can be included in bike-sharing schemes.

Financial incentives are another important instrument to promote E2W purchase and use. 
These can be designed, for example, as purchase subsidies, as done in some provinces in 
China [21], sales tax breaks [42] or an increase in petrol tax. In countries where motorcycle 
taxis are common, specific programmes to convert motorcycle fleets in a city to electric two-
wheelers can be designed. In the Netherlands, a tax-deduction scheme for employees to buy 
a bicycle or e-bike exists. For behaviour change policies, incentives are often used in tandem 
with information instruments. It is argued that key life-changing events, such as moving to 
a new city or the birth of a child, are often powerful catalysts for behaviour change. Policy 
instruments can mimic such disruptive change [43], e.g. by pilot programmes with free 
e-bikes in exchange for car keys, as done in a promotion programme in Switzerland [44] or 
other incentives and campaigns. At the same time, information and training on road safety 
are needed for drivers of two-wheelers and other road users, e.g. as part of driver training 
curricula [14].

5. Conclusions

Electric two-wheelers can play an important role in sustainable urban mobility systems and 
addressing climate change. However, two-wheelers, including electric, suffer from a bad 
reputation and a lack of attention from policymakers in many countries. This chapter gives 
an overview of developments in China, Vietnam and the Netherlands, each with their own 
mobility system characteristics. Other than China, e-bikes and electric scooters are still in an 
early stage of development.

Yet there is a large potential: electric two-wheelers can on the one hand address negative 
impacts of fossil-fuelled motorcycles and cars on air quality, climate and noise while on the 
other hand extend the distance range of bicycles, by reducing the physical effort needed, 
which is especially attractive in hilly and tropical environments. In general, compared to 
other modes, electric two-wheelers score high on key criteria for sustainable mobility in terms 
of accessibility (flexibility, reliability, and speed), road space use, equity and environmental 
externalities, although road safety remains a concern.

Finally, this chapter proposes a range of policy measures—regulatory, planning, economic 
and communicative instruments—that can be used to promote purchase and use of electric 
two-wheelers. These include for example implementing low-emission zones, phasing out of 
conventional motorcycles, improving the legal framework, urban planning to increase attrac-
tive and safety of two-wheelers and conducting behaviour change programmes that cover 
both incentives and information for individual users or motorcycle taxi fleets.
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Abstract

The transport system is one of the fundamental intelligent systems in the Smart City, and 
one of the main directions to ensure sustainability and safety of the city transport system is 
the concept of smart vehicles. Herewith, all processes at all stages of the life cycle should be 
intellectualized. Since the production stage of the life cycle is one of the most important, the 
introduction of smart technologies (Industry 4.0) in automotive industry will allow not only 
to optimize the processes and improve product quality but also to establish favorable condi-
tions for the subsequent intellectualization of the automotive service. The benefits of using 
smart transport in all fields of activities as well as intellectualization of the decision-making 
process by the example of the automotive industry enterprises are presented in this chapter.

Keywords: intellectualization, Smart City, industry 4.0, life cycle, automotive industry

1. Introduction

Automotive industry belongs to those sectors of economy, which largely determine the devel-
opment of other industries where automotive equipment is used, because automotive vehi-
cles can help to solve the problem of population mobility and carry out door-to-door cargo 
deliveries. High level of motorization and market globalization makes manufacturers to look 
for new solutions and constantly to improve both the car’s design and production technology. 
Because it is possible to sustain significant competition in the markets only by the continuous 
development and application of innovative solutions.

The large companies should pay close attention to realization of two main tendencies. The 
first is a global tendency of a sustainable development, which includes stability of economy, 
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environment and the social sphere. The second is transition to “green economy,” which 
is defined as low carbon, resource efficient and socially inclusive. These two tendencies 
can be realized by means of rational regulation of the physical, natural and human capi-
tal. Therefore, when developing new projects and technologies, it is necessary to consider 
social consequences of their realization. Potential economic effects of new machinery, and 
even entire production lines, can only materialize in the case of social efficiency and opti-
mal interaction between man and technology. Moreover, with increasing complication 
of technical systems, which are becoming more intellectual, the probabilities of failure in 
such systems are increasingly dependent on erroneous human action. Therefore, the social 
responsibility of people, who design, create, operate and maintain complex intelligent engi-
neering systems, increases. Thus, it is important to understand the interconnection between 
all stages of the life cycle of a complex engineering system and to develop management 
considering this.

2. Smart city as the main direction of urban lands development

2.1. Intellectualization of the complex organizational and technical systems’  
management

Intellectualization is currently the main trend of the economic and social development. This 
concept involves a reasonable and rational management and development of all fields of activ-
ities. Modern human civilization entered the third millennium and faced with global chal-
lenges. The need to solve these problems is formulated in “Millennium Development Goals.”

Urbanization is one of the causes of most problems of our millennium. Today, there are 7.3 
billion people all over the world, 54% of them live in urban areas. The world has experienced 
unprecedented urban growth in recent decades. As the population increases, more people 
will live in large cities. Many people will live in the growing number of cities with over 10 
million inhabitants, known as megacities. Different organizations predict [1, 2] that the world 
population will reach 8.5 billion by 2030 and 27 megacities will exist that time. Analysts also 
say that there will be 9.7 billion people, and 66% of them will live in urban areas by 2050, with 
rapid urbanization of the less developed countries.

In information note, Achim Steiner (Executive Director, United Nations Environment 
Programme) [3] summarized and presented the key findings and policy messages stemming 
from the Global Environment Outlook (GEO-6) assessments conducted for the six United 
Nations Environment Programme regions. Each of these regional assessments includes: (1) 
a review of regional priorities, (2) the state of the environment in the region and the main 
trends that can affect it in the future and (3) an analysis of the actions so region could become 
more sustainable. Poor air quality, climate change, unhealthy lifestyles and the disconnec-
tion between society and natural environments increasingly affect human health and give 
rise to new risks. Living within planetary boundaries will require fundamental transitions in 
energy, food, mobility and urban systems. Transition to an inclusive green economy should 
be based on viable ecosystems, cleaner production and healthy consumer preferences. There 
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is no doubt that achieving a healthy planet and healthy people requires urgent transformation 
of the current systems of production and consumption that most contribute to environmental 
degradation and inequalities in human health and well-being.

At the same time, the development of technique and technologies provided the opportunity 
of quality transition not only in industry and economy but also in other spheres, including 
social. Innovation is not only about technology and new ways to deliver services but also 
about new ways of thinking and finding new opportunities for development. In this case, an 
important thing is the transition of the control to a qualitatively new level, which enables har-
monization of all activity areas within the city and getting the synergies of such interaction.

According to John Wilmoth Director of UN DESA’s Population Division [4], “Managing 
urban areas has become one of the most important development challenges of the 21st cen-
tury. Our success or failure in building sustainable cities will be a major factor in the success 
of the post-2015 UN development agenda.”

Since ancient times, cities are centers of ideas, culture and science. However, there are 
many urban problems (including congestion, pollution, noise, diseases, straining land and 
resources), which should be solved in such a way that allow people to develop socially and 
economically. This can be achieved in the case of rational urban planning because the high 
density of cities can increase efficiency and bring technological innovation while reducing 
resource and energy consumption.

Mobility is a key dynamic of urbanization, and the associated infrastructure invariably shapes 
the urban environment: the roads, transport systems, spaces and architectural solutions. By 
2005, approximately 7.5 billion trips were made in cities worldwide each day. In 2050, there 
may be three to four times as many passenger-kilometers traveled as in the year 2000. At the 
same time, the freight turnover may also increase by more than three times.

Nowadays, due to urban sprawl, the distances between points, which generate and attract 
the passenger flows, have become longer, which leads to the greater dependence of citizens 
on individual motorized transport. Thus, traffic jams, congestion, pollution, noise stress and 
traffic accidents are reality of today’s megalopolises.

2.2. Smart City and smart mobility

Innovation in transportation today is a very relevant topic [5–10]. More than ever before, we 
understand that transportation has a key influence on how societies form and develop over 
time. This is reflected in the concept of Smart City. Herewith, smart mobility is one of the 
major issues, because it ensures accessibility of workplaces and recreations. Moreover, smart 
mobility is also a part of production and other subsystems of the city economy.

If we consider Smart Cities from the point of view of economic branches, then it is pos-
sible to allocate smart energy, smart transport, smart construction, smart industry and so on. 
On the other hand, Smart Cities can be considered from the point of view of different city 
subsystems’ objects: smart infrastructure, smart buildings, smart vehicles, etc. And, finally, 
technologies that improve people’s lives (education, medicine, service) can also be “smart” 
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(Figure 1). Whatever way of smart technologies’ classification is used, it is impossible to 
organize processes of any area of economics without transport. It largely relates to the motor 
transport, because only it can organize door-to-door transportation of cargos and passengers. 
Therefore, smart technologies that provide design, creation and operation of smart transport 
in an optimal way and with minimal negative impact on environment and human are very 
important in transport sphere.

2.3. Smart transport as one of Smart City’s development drivers

There is a need for substantial changes in Europe’s transport systems, as well as in the mobil-
ity behavior of people and businesses in urban areas. Addressing the mobility challenge calls 
for a paradigm shift in urban planning, encouraging compact cities as a way to increase acces-
sibility and to reduce the need for transportation altogether.

To ensure population mobility means to provide access to all functional destinations, services, 
places of work, etc. At the same time, city residents should be able to address their needs 
using as little travel as possible. It can be completed in two ways: (1) reducing the needs to 
travel by implementing modern information and communications technologies (Internet of 
Things, Industry 4.0 and other concepts) and (2) reducing distances between places of resi-
dence and functional endpoints (the reasons for travel), so that the population could use more 
sustainable modes of transport, such as walking, cycling, etc.

Figure 1. Directions of intellectualization in Smart City.
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To make people use more sustainable mobility concepts, it is necessary to ensure possibility to 
reach any point of passengers’ attraction by public transport. However, sometimes it is rather 
difficult to allow residents easy access to the public transport system; it is the so-called Last 
Mile Problem. To solve this problem, cities need to provide multi-modal transport systems. 
For example, bicycle sharing systems can serve as a good way to connect users to public tran-
sit networks.

Transport system is one of the major intellectual systems in the Smart City. To ensure its 
sustainability and safety, the work is being done in three ways: smart infrastructure, smart 
vehicles and smart users (Figure 2). Solutions concern the creation of an efficient and inte-
grated mobility system that allows for organizing and monitoring seamless transport across 
different modes, increasing the use of environmentally friendly alternative fuels and creating 
new opportunities for collective mobility.

One of the main areas of ITS, which is actively promoted over the past 15 years, is the 
implementation of intellectual vehicle. International program “Increased safety vehicle” 
is implemented. The first experiments of usage of onboard intelligent systems have 
shown that they are able to reduce the number of traffic accidents by 40% and to reduce 

Figure 2. Directions of transport system’s development in Smart City.
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the number of fatal accidents by 50%. The transition from the creation of driver assistance 
systems to the development of semi-autonomous unmanned vehicles is a global trend, 
and it is explained by the desire of developers to ensure the sustainability and the safety 
of the transport system [11].

However, it should be understood that the emergence of new types of vehicles with fun-
damentally new control systems could cause problems of security and interaction with 
other road users. It is especially true in connection with the development of the “livable 
cities” concept that is aimed at encouraging the use of non-motorized transport, such as 
walking or cycling. On the one hand, streets need to be adapted, with safe walkways, 
crossings and cycling lanes, as well as transport junctions need to be established to create 
safe connection points between different transport modes. On the other hand, it is neces-
sary to identify potential risks of the use of autonomous vehicles, to predict the likelihood 
of the traffic conflicts (between autonomous vehicles and pedestrians and cyclists, first 
of all) and to determine the possible consequences. In addition, the ways to prevent risk 
situations and to reduce the severity of the consequences in case of risk situations should 
be developed.

Automobile mode of transport is the main one in urban lands, and in the case of unreasonable 
transport management, it can cause significant problems for other road users. In addition, 
road transport is the main source of negative influence on the environment, so it needs quali-
tative management.

The main idea of Smart City is that the city can be “smart” only if the management of all its 
subsystems is built according to the same rules. If we talk about road transport, then it actu-
ally means the management of the vehicle’s life cycle as a separate component of the vehicle 
fleet (Figure 3), and at a higher level—the management of the vehicle fleet as a whole. Along 
with it, all processes at all stages of the life cycle should be intellectualized. At the same time, 
the orientation to customer needs should be one of the main factors that should be taken into 
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3. Industry 4.0 and its role in implementation of the Smart City concept

3.1. Industry 4.0 as the fourth industrial revolution and the prospect for sustainable 
development of automobile industry

The current state of technics and technologies allows us to create tools and methods not only 
for managing technical and organizational and technical systems but also devices for analyz-
ing the state of human functional systems and affecting them. This makes it possible to correct 
and optimize human activity both indirectly, using the recommended loads and parame-
ters, and in real time, which allows creating a comfortable working environment, as well as 
increasing the safety and efficiency of labor, increasing the efficiency of production systems 
and product quality.

Real and virtual worlds are now beginning to merge in production that is why we are talking 
about “Industry 4.0”—the Siemens term for fourth Industrial Revolution. Increasing digitali-
zation and networking is changing the entire industrial production chain, and the volume of 
data worldwide is exploding. Before analyzing and using the huge amount of data, systems 
that enable us to understand their content have to be developed. The first step is to get knowl-
edge on what kinds of sensor and measurement technology can be used to collect necessary 
data and to understand operational principles of systems and devices.

The implementation of the concept Industry 4.0 (Figure 4) provides for the formation of cyber-
physical systems (CPS), where all elements of the system are active objects that are involved 
in the exchange of information and make appropriate decisions. Continuous interchange 
of information in such cyber-physical systems is realized between its elements through the 
Internet of Things.

The Road Map developed by the group “TechNet” [12] provides creation of new generation 
of the modern digital productions—“Factory of the future” (Figure 5) that is a completely 
new production environment that is formed by the network of people, things and machines 
connected to each other. The proposed strategy is based on assumption that replication and 
scaling of advanced production technologies will determine further development.

Implementation of the “Factory of the future” concept will provide a significant reduction 
of the time placing on the market of the highly intelligent products by using digital design 
technologies throughout their life cycle.

Industry 4.0 is aimed at the process optimization, because it covers the entire life cycle, that is, 
each manufacturer is responsible for his product from the beginning of design and develop-
ment to disposal.

Classical methods of production organization mean that the flow method can be used only 
for large quantities of goods. Thanks to the new principles of production processes orga-
nization, it becomes possible to manufacture also single products in an industrial way. 
Industry 4.0, thanks to its flexibility and adaptability provided by cyber-physical systems, 
can help to realize the mass production of individual orders, which will reduce the price of 
the product.
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Figure 4. The technologies to implement the concept Industry 4.0.

Figure 5. Factory of the future and the product’s life cycle.
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For production, the ability of various components to communicate through the network opens 
incredible prospects. In “smart factories,” machines will understand their environment and 
will be able to communicate on a single network protocol among themselves, as well as with 
the logistics and business systems of suppliers and consumers. The production equipment, 
receiving information about the changed requirements, will be able to make adjustments to the 
technological process. As a result, production systems will become capable of self-optimization 
and self-configuration, the equipment will perform self-diagnostics and further flexibility and 
individualization of products will occur.

Chrysler’s plant in Toledo is an example of the application of cyber-physical systems in man-
ufacturing. Every day it produces more than 700 Jeep Wrangler’s bodies. This involves 259 
German robots KUKA, which “communicate” with 60,000 other devices and machines. Data 
interchange and its storage are organized with the use of cloud computing. Modern solutions 
have significantly increased productivity and flexibility of the factory.

This will also cause the change of the service concept, because the manufacturer will be inter-
ested in creating a branded service network that will provide him with implementation of the 
principle of responsibility for his product throughout the life cycle—from design to disposal 
(Figure 6). This is especially true for modern trucks, which, in contrast to cars, are almost 
impossible to service in small auto repair workshops. In addition, thanks to the availability of 
its own service system, the manufacturer will have all information on the features of opera-
tion, maintenance and repair of a particular car and the whole park.

3.2. The scope and means of implementing the smart industry concept

The production stage of the life cycle is one of the most important, because exactly at this stage 
ideas and projects turn into finished products. Besides, the quality of the product depends on 
the quality of manufacturing. It means that at this stage, it is determined if the targeted audi-
ence is large enough, if the product is competitive in the market and how effective and safe 
are the stages of operation and service.

Figure 6. The use of smart technologies at the life-cycle stages.
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The terms “Smart Factory,” “Smart Manufacturing,” “Intelligent Factory” and “Factory of 
the Future” all describe a vision of what industrial production will look like in the future. 
Digital technologies will make factories more efficient, intelligent, flexible and dynamic. In 
connected Industry, everything from design to manufacturing is done through interaction 
between products and machines and collaborative effort between machines themselves.

Manufacturing in a Smart Factory will be more intelligent, flexible and dynamic in compari-
son with today’s industries. It is so because all production processes and functions (product 
development; resource planning; logistics; factory and production planning and executing; 
monitoring, control and management functions, etc.) will be closely interconnected. At the 
same time, machinery and equipment will have the ability to improve processes through self-
optimization and autonomous decision-making.

3.3. Examples of the processes control intellectualization in production systems

3.3.1. Methods and models to improve the assembly line production

In the production process of products with the great amount of components, several prob-
lems may occur: stock storage limit, limits of functional zoning, creation of a balanced flow, 
minimizing the component delivery time to the assembly line positions, etc. Nowadays, in 
an open and competitive market, companies cannot afford to waste time and resources for 
work that can be done in a better and faster way with advanced solutions. In Ref. [13], imple-
menting production monitoring systems (PMS) in order to support product lifecycle manage-
ment (PLM) system with historic knowledge regarding the state of machinery, correctness of 
assembly operations, etc. is suggested. A module to analyze collected information and predict 
the future performance of the monitored component is thus needed. In numerous studies, 
the use of models for this purpose and simultaneous reduction of costs that arise at different 
stages of production and technological process are suggested. Hence, one of the most impor-
tant tasks of the organization of the assembly line production is line balancing problem. To 
balance unilateral and bilateral flow lines, in Ref. [14], a model that takes into account zoning 
and priority limits, synchronous and positional constraints, buffer time have been developed. 
The objective function of the model maximizes line efficiency and minimizes index of smooth-
ness and total cost per unit of product. As an example, bilateral assembly line of chassis pro-
duction of motor vehicles lowering the cost per unit by 42% has been provided.

In the market of automotive components, competitiveness is ensured by high-quality prod-
ucts and low cost. This requires manufacturers to search for methods to minimize costs at 
all stages of production. To meet the challenges of balancing assembly lines with consid-
ering costs exact methods, heuristic and metaheuristic approaches can be applied [15–17]. 
The developed approaches combine heuristic models and exact algorithms based on “taboo” 
search in order to minimize short-term operating costs, capital investments, costs of labor and 
work in progress.

Inefficient production and suboptimal in-plant logistics contribute significantly to environ-
mental degradation. Hence, large number of studies aiming at optimizing the planning of 
technological transport in view of its negative impact on the environment. Thus, a concept 
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to optimize component deliveries to the plant for the production of motor vehicles has been 
developed [18]. Reducing CO2 emissions by 3% was simply achieved by lowering the number 
of lorries used for transportation and by increasing the lot sizes and the speed of the trans-
portation and loading process. The impact of the type of forklift engine (diesel, gas, electric) 
on the nature of the impact on the environment was also assessed [19]. It was concluded 
that electric forklifts are more effective from an environmental point of view; however, the 
research did not take into account economic and technological factors (cost of forklifts, down-
time for battery charging of forklift, etc.).

Analysis of the studies shows that a systemic approach to the solution of the problem is 
needed. This is especially true because once all of the complex subsystems of the produc-
tion process and their interactions are taken into account, positive synergistic effect can be 
achieved.

3.3.2. Optimization of technological processes on the assembly line

Simulation models are used to determine the optimal parameters of technological processes 
when changing internal or external parameters of production. Input data for the develop-
ment of the simulation model of technological process are typical manufacturing processes 
and Teamcenter database (data on assemblies, products, equipment, tools and environment).

The structure of individual technological process is adjusted in accordance with the com-
position and structure of the unified technological process by analyzing the need for each 
operation and the technological transition with the consistent refinement of all solutions. 
Technological design consists in the development of standard technological processes, from 
which in the future it is possible to assemble various methods of assembling cars. This makes 
it possible to significantly reduce labor input and the time required for their introduction into 
production.

Mass conveyor production is based on the principle of the flow organization of technological 
assembly processes, providing:

• the division of the assembly process into a series of assembly operations, sequentially ar-
ranged in time and space, performed by the operators-assemblers;

• the use of special transport devices to move the assembled units between assembly devices 
and to ensure a given assembly rate;

• the use of special transport devices for supplying parts and assemblies to the main assem-
bly conveyor;

• the use of special and unified tools and devices for mechanization and automation of the 
technological process;

• mechanical machining of parts and assembly of units in machine-assembly shops.

When the production is organized in such way, assembly of the entire vehicle on the main 
assembly conveyor is carried out from the finished assembled units and aggregates, connected 
together by fasteners. The open architecture of the Teamcenter system allows you to connect to 
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the PLM environment systems such as Matlab/Simulink and Rhapsody. In order to work with 
data in the usual formats, we can use the capabilities of dynamic integration with Microsoft 
Office software package. The obtained solutions are stored in the knowledge base and can be 
used in similar production situations.

The use of simulation models allows you to isolate operations that need optimization, deter-
mine the required number of employees and optimize the working load. Obtained solutions 
can allow reduction of the assembly time at the conveyor positions, and, accordingly, the 
cycle time by 6%, while the optimal loading of personnel decreases the number of errors.

Implementation of the proposed method was carried out during the development of the 
Decision Support System (DSS) for automotive company KAMAZ (of Naberezhnye Chelny, 
Russia) [20]. To optimize production processes, special documentation was developed. The 
documentation is integrated in production system for shared use [21].

Since the interdependent processes are modeled in parallel, program modules share the infor-
mation for operational adjustment processes. Optimization of the conveyor in order to reduce 
delays is performed in two directions: alignment of operations on the assembly line positions 
and the operational management of the supply of components to the position. Optimization 
of technological transport includes providing the conveyor positions by necessary compo-
nents with minimum cost (the number of forklifts and work time).

3.3.3. Monitoring and managing equipment efficiency

3.3.3.1. Literature review

One of the most important conditions of the successful operation for any industrial plant is to 
ensure uninterrupted operation of the equipment. That is why the indicators that character-
ize the quality of the equipment’s use can be used as the objective function when modeling of 
technological processes [22]. In so doing, it should be taken into account not only the actual 
time of the equipment use and its performance but also the share of goods without any defects 
in the overall product output.

In the case of robotic production, the equipment efficiency depends significantly on the qual-
ity of its service, which affects indicators of availability, performance and quality of the final 
product. As a rule, a system to support the workability of equipment (maintenance and repair) 
is developed to ensure its efficient use. Frequency of service is determined depending on the 
equipment characteristics and is assigned by the manufacturer. To exclude catastrophic fail-
ure, the methods to predict and improve reliability exist.

Since there are different categories of losses, for monitoring the equipment condition, it is 
necessary to foresee methods for their control. The adjustment of the equipment maintenance 
system must be performed in accordance with the criteria of its efficiency. Furthermore, the 
method of complex multidimensional assessment of the performance indicators allows to 
raise the efficiency of production system management and, at the same time, to increase its 
stability as well as to reduce unplanned downtime.
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The specificity of robotic production is that mistakes and failures in the technological pro-
cesses are not attributable to mistakes of operators. Quality control of the equipment in this 
case can be carried out by comparison with the model of production system (i.e., system of 
virtual production). It is possible to identify the causes of errors by using imitation of the real 
system processes. In addition, simulation models allow to test new production concepts and 
agree with each other that all the subsystems on the design phase of production. It is also pos-
sible to optimize and to modernize virtually the existing complex of production with the aim, 
for example, to test the transition to the new product. Such systems allow to optimize the pro-
cess of equipment maintenance, taking into account condition and features of the real system.

It is shown in the research paper [23] that maintenance scheduling, quality control and pro-
duction scheduling influence one another and, therefore, need to be considered jointly for 
improving the system performance. A model has been created to integrate maintenance 
scheduling and process to develop a policy of decision management. It provided optimal 
parameters of preventive maintenance as well as a chart of control intervals, which minimize 
expected cost per time unit. Subsequently, the optimal interval of preventive maintenance is 
integrated with the production schedule in order to determine the optimal batch sequence, 
which allows to minimize penalty costs due to schedule delay.

The authors of the article [24] offer the method of multi-criterial classification of critical equip-
ment (MCCE), which allows to classify equipment objectively according to its importance. 
They assume that according to such service approach the most critical equipment will not 
fail or, at least, all appearing failures will be rapidly detected and corrected in a minimum 
possible amount of time. To provide this information, the consequences of any failure in the 
appropriate equipment are analyzed for a particular company.

The article [25] is devoted to analyze mistakes and false operations, which require to carry out 
service operations. The authors designed two models to describe an ideal situation: the first one, 
in which a false-positive alarm implies the renewal of protection system and the second one: 
not. In the first situation, imperfect inspection is manifested in the scenario, where a false alarm 
implies an additional cost for the system owner; in the second situation, a false alarm does not 
imply renewal of the protection system. In both cases, a false-negative inspection can appear, in 
which the system is considered to be in a good condition, when it does not work in fact.

A condition-based preventive maintenance approach that is developed as a software service 
located in a “cloud” is presented in the paper [26]. It acquires and processes data from the shop-
floor of machine tools using the technique of information fusion. The authors consider that 
benefits from the combination of monitoring and maintenance techniques under the umbrella 
of Cloud and mobile communication have not been still exploited sufficiently. At the same 
time, advanced maintenance methods, which cover and process the shop-floor information, 
can reduce costs and increase the sustainability of the enterprise. An operator reports through 
mobile devices the following data: status of machine tool (for example, available, busy, etc.), 
current running task, cutting-tool availability and appearance of failures. Combining inputs 
from the machine tool operator and the sensory system, an actual machining time of machine 
tools and cutting tools is calculated. The controlling data are processed through the technique of 

Influence of the Motor Transport on Sustainable Development of Smart Cities
http://dx.doi.org/10.5772/intechopen.71045

123



the PLM environment systems such as Matlab/Simulink and Rhapsody. In order to work with 
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ize the quality of the equipment’s use can be used as the objective function when modeling of 
technological processes [22]. In so doing, it should be taken into account not only the actual 
time of the equipment use and its performance but also the share of goods without any defects 
in the overall product output.

In the case of robotic production, the equipment efficiency depends significantly on the qual-
ity of its service, which affects indicators of availability, performance and quality of the final 
product. As a rule, a system to support the workability of equipment (maintenance and repair) 
is developed to ensure its efficient use. Frequency of service is determined depending on the 
equipment characteristics and is assigned by the manufacturer. To exclude catastrophic fail-
ure, the methods to predict and improve reliability exist.

Since there are different categories of losses, for monitoring the equipment condition, it is 
necessary to foresee methods for their control. The adjustment of the equipment maintenance 
system must be performed in accordance with the criteria of its efficiency. Furthermore, the 
method of complex multidimensional assessment of the performance indicators allows to 
raise the efficiency of production system management and, at the same time, to increase its 
stability as well as to reduce unplanned downtime.
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The specificity of robotic production is that mistakes and failures in the technological pro-
cesses are not attributable to mistakes of operators. Quality control of the equipment in this 
case can be carried out by comparison with the model of production system (i.e., system of 
virtual production). It is possible to identify the causes of errors by using imitation of the real 
system processes. In addition, simulation models allow to test new production concepts and 
agree with each other that all the subsystems on the design phase of production. It is also pos-
sible to optimize and to modernize virtually the existing complex of production with the aim, 
for example, to test the transition to the new product. Such systems allow to optimize the pro-
cess of equipment maintenance, taking into account condition and features of the real system.

It is shown in the research paper [23] that maintenance scheduling, quality control and pro-
duction scheduling influence one another and, therefore, need to be considered jointly for 
improving the system performance. A model has been created to integrate maintenance 
scheduling and process to develop a policy of decision management. It provided optimal 
parameters of preventive maintenance as well as a chart of control intervals, which minimize 
expected cost per time unit. Subsequently, the optimal interval of preventive maintenance is 
integrated with the production schedule in order to determine the optimal batch sequence, 
which allows to minimize penalty costs due to schedule delay.

The authors of the article [24] offer the method of multi-criterial classification of critical equip-
ment (MCCE), which allows to classify equipment objectively according to its importance. 
They assume that according to such service approach the most critical equipment will not 
fail or, at least, all appearing failures will be rapidly detected and corrected in a minimum 
possible amount of time. To provide this information, the consequences of any failure in the 
appropriate equipment are analyzed for a particular company.

The article [25] is devoted to analyze mistakes and false operations, which require to carry out 
service operations. The authors designed two models to describe an ideal situation: the first one, 
in which a false-positive alarm implies the renewal of protection system and the second one: 
not. In the first situation, imperfect inspection is manifested in the scenario, where a false alarm 
implies an additional cost for the system owner; in the second situation, a false alarm does not 
imply renewal of the protection system. In both cases, a false-negative inspection can appear, in 
which the system is considered to be in a good condition, when it does not work in fact.

A condition-based preventive maintenance approach that is developed as a software service 
located in a “cloud” is presented in the paper [26]. It acquires and processes data from the shop-
floor of machine tools using the technique of information fusion. The authors consider that 
benefits from the combination of monitoring and maintenance techniques under the umbrella 
of Cloud and mobile communication have not been still exploited sufficiently. At the same 
time, advanced maintenance methods, which cover and process the shop-floor information, 
can reduce costs and increase the sustainability of the enterprise. An operator reports through 
mobile devices the following data: status of machine tool (for example, available, busy, etc.), 
current running task, cutting-tool availability and appearance of failures. Combining inputs 
from the machine tool operator and the sensory system, an actual machining time of machine 
tools and cutting tools is calculated. The controlling data are processed through the technique of 
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information fusion to identify the status of machine tool and, consequently, its actual machin-
ing time. On the basis of this information, the maintenance department is able to schedule the 
maintenance of machine tool according to its actual wear, not in fixed intervals.

As it is seen from the above review, the authors believe that to improve the efficiency and 
sustainability of the production system it is necessary to improve service. For these purposes, 
we offer different methods, but the general is the simulation of systems. A model is sug-
gested to be constructed using statistics of failures and malfunctions of equipment. Reliable 
operation of the equipment is based on information about its failures, unplanned stops and 
failures recorded in the complaint acts and stored in databases. The analysis of such infor-
mation allows us to identify the causes of emergencies and warn them. For the operational 
management and adjustment of a service system, intelligent control systems, including cloud 
technology, are offered.

3.3.3.2. Challenges in transition to a smart factory

In our opinion, the existing platforms to create a unified information space are the most effec-
tive way of both strategic and operational management stages of the life cycle of the prod-
uct. The concentration of heterogeneous data, semantic linking and providing access to them 
through search interfaces is a topic which today is engaged in many companies. Many long-
term benefits of implementing management systems and product lifecycle (PLM) cannot be 
achieved without having a comprehensive digital manufacturing strategy, which allows the 
simulation of production processes aimed at reuse of existing knowledge and optimizes pro-
cesses before products are manufactured. In addition, digital production allows you to get 
feedback from actual manufacturing operations and to incorporate it into the design process 
of the product, so businesses already can solve production and technological problems at the 
design stage. Among the initiatives for the development of systems to support digital manu-
facturing is improving user interaction by providing information in the context of the prob-
lem being solved, thanks to which engineers can make the right decisions faster. Measures are 
taken to ensure direct communication with technological equipment, such as programmable 
logic controllers (PLCs), machine controllers, numerical control (CNC), etc. Single platforms 
are created to manage the information stored in the PLM system and manufacturing execu-
tion systems (Manufacturing Execution systems, MES).

The creation of DSS is especially important when creating flexible production systems, which 
are based on robotic systems. However, it is necessary to consider that the flexible automated 
manufacturing (FAM) operates on the basis of a solitary technology, so the work of all pro-
duction components is coordinated as a whole multi-level control system which ensure the 
change in program, fast tuning technologies when changing production facilities.

The decision on the design and optimization of manufacturing from Tecnomatix is paramet-
ric 3D smart objects that can be used for quick and efficient planning of the enterprise. The 
use of 3D smart objects for planning of the enterprise also enables to detect design errors 
not on the factory floor but even in the planning stage. The flow of materials, transportation, 
logistics and auxiliary operation can be optimized using material flow analysis and model-
ing events.
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Along with it, it should be borne in mind that while the transition to a smart factory, there will 
be a number of problems that need to be solved.

The product/process design is the first of these challenges. It covers all the tools and engineer-
ing services supporting the design of parts, finished products, processes, production lines and 
factories. This category is evolving from a separate design towards one that is largely mod-
eled and simulated, and most importantly, joint between product and process.

The virtual factory means simulating the production lines from start to end and enabling you 
to anticipate potential sources of additional costs or poor quality and preset the machinery 
and equipment and control of the productive facilities. This integrates the control system 
(digital control, interconnection with the factory’s upstream and downstream, planning and 
centralized control of the production line), traceability (sensors of production conditions, 
monitoring of individual parts being manufactured) and the management of physical flows 
(automation of internal logistics and interconnection of external logistics).

Manufacturing operations (at the heart of processing) were identified as the third challenge, 
with two performance criteria: precision (the optimization of existing technologies, such as 
high-speed machining and laser cutting, and smart self-correcting machines) and flexibility 
(multi-device multimedia additive manufacturing machines).

The fourth challenge covers services related to the productive facilities. It includes the inte-
gration services of the various components of the production line and the installation and 
maintenance of production machinery.

The fifth challenge is the newcomer; it includes the digital technologies behind the upheaval. 
Hard to imagine the factory of tomorrow without the contribution of cloud computing, 
whether to store data, work with remote desktops or use SaaS software; without Big Data 
Analytics, which will improve production through predictive remote maintenance or will 
increase energy efficiency and without the Manufacturing Internet of Things, these autono-
mous cyber-objects capable of making local decisions.

Finally, work organization is the last challenge. Examples include the establishment of orga-
nizations that empower operators or can learn.

3.3.3.3. Examples of existing cyber-physical systems

When developing a strategy for transition to a smart factory, it should be borne in mind that 
modern industrial automation systems are composed of several clearly separated levels:

• Data collection level (sensors and actuators)

• Level of control (operator terminals and control devices)

• Level of business processes management (computers for data processing, MES systems)

• Manufacturing level (server, where MRP I, II, III, ERP systems, etc. are located).

Each of these levels is relatively well structured and individual devices can be clearly mapped 
to one of the levels.
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information fusion to identify the status of machine tool and, consequently, its actual machin-
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achieved without having a comprehensive digital manufacturing strategy, which allows the 
simulation of production processes aimed at reuse of existing knowledge and optimizes pro-
cesses before products are manufactured. In addition, digital production allows you to get 
feedback from actual manufacturing operations and to incorporate it into the design process 
of the product, so businesses already can solve production and technological problems at the 
design stage. Among the initiatives for the development of systems to support digital manu-
facturing is improving user interaction by providing information in the context of the prob-
lem being solved, thanks to which engineers can make the right decisions faster. Measures are 
taken to ensure direct communication with technological equipment, such as programmable 
logic controllers (PLCs), machine controllers, numerical control (CNC), etc. Single platforms 
are created to manage the information stored in the PLM system and manufacturing execu-
tion systems (Manufacturing Execution systems, MES).

The creation of DSS is especially important when creating flexible production systems, which 
are based on robotic systems. However, it is necessary to consider that the flexible automated 
manufacturing (FAM) operates on the basis of a solitary technology, so the work of all pro-
duction components is coordinated as a whole multi-level control system which ensure the 
change in program, fast tuning technologies when changing production facilities.

The decision on the design and optimization of manufacturing from Tecnomatix is paramet-
ric 3D smart objects that can be used for quick and efficient planning of the enterprise. The 
use of 3D smart objects for planning of the enterprise also enables to detect design errors 
not on the factory floor but even in the planning stage. The flow of materials, transportation, 
logistics and auxiliary operation can be optimized using material flow analysis and model-
ing events.
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Along with it, it should be borne in mind that while the transition to a smart factory, there will 
be a number of problems that need to be solved.

The product/process design is the first of these challenges. It covers all the tools and engineer-
ing services supporting the design of parts, finished products, processes, production lines and 
factories. This category is evolving from a separate design towards one that is largely mod-
eled and simulated, and most importantly, joint between product and process.

The virtual factory means simulating the production lines from start to end and enabling you 
to anticipate potential sources of additional costs or poor quality and preset the machinery 
and equipment and control of the productive facilities. This integrates the control system 
(digital control, interconnection with the factory’s upstream and downstream, planning and 
centralized control of the production line), traceability (sensors of production conditions, 
monitoring of individual parts being manufactured) and the management of physical flows 
(automation of internal logistics and interconnection of external logistics).

Manufacturing operations (at the heart of processing) were identified as the third challenge, 
with two performance criteria: precision (the optimization of existing technologies, such as 
high-speed machining and laser cutting, and smart self-correcting machines) and flexibility 
(multi-device multimedia additive manufacturing machines).

The fourth challenge covers services related to the productive facilities. It includes the inte-
gration services of the various components of the production line and the installation and 
maintenance of production machinery.

The fifth challenge is the newcomer; it includes the digital technologies behind the upheaval. 
Hard to imagine the factory of tomorrow without the contribution of cloud computing, 
whether to store data, work with remote desktops or use SaaS software; without Big Data 
Analytics, which will improve production through predictive remote maintenance or will 
increase energy efficiency and without the Manufacturing Internet of Things, these autono-
mous cyber-objects capable of making local decisions.

Finally, work organization is the last challenge. Examples include the establishment of orga-
nizations that empower operators or can learn.

3.3.3.3. Examples of existing cyber-physical systems

When developing a strategy for transition to a smart factory, it should be borne in mind that 
modern industrial automation systems are composed of several clearly separated levels:

• Data collection level (sensors and actuators)

• Level of control (operator terminals and control devices)

• Level of business processes management (computers for data processing, MES systems)

• Manufacturing level (server, where MRP I, II, III, ERP systems, etc. are located).

Each of these levels is relatively well structured and individual devices can be clearly mapped 
to one of the levels.
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In Industry 4.0, the system structure changes. The data collection level remains a separate 
dedicated level, as it is now, but the devices will be more intelligent and they will also signifi-
cantly increase in numbers. All other functions will move to the high speed real-time network 
consisting of data processing center and cloud computing. The benefits of such a structure 
are as follows: (1) reduction of diversity of devices and processing hardware that are the most 
modern in the world; (2) separation of specific functions and (3) the use of augmented and 
virtual reality. All of it contribute to simplification of the management process, more efficient 
use of resources and, consequently, cost savings. This approach has not been implemented 
yet due to the low efficiency, reliability and throughput of communication channels between 
servers and data collecting devices. However, all these problems will be solved in new and 
future systems.

Industry 4.0 will be built in cyber-physical systems, which involves the integration of compu-
tation, networking and physical processes. Embedded computers and networks monitor and 
control the physical processes, with feedback loops where physical processes affect computa-
tions and vice versa.

An example of such a system today is the CarTel project at MIT [27] where a fleet of taxis 
collects real-time traffic information in the Boston area. This information is combined 
with historical data to calculate the fastest routes for particular times of the day. Another 
example that you may be familiar with is the Smart Grid. One of its definitions, based on 
[28], is: “A modernized electrical grid that uses information and communications tech-
nology to gather and act on information in an automated fashion … to improve the effi-
ciency, reliability, economics, and sustainability of the production and distribution of 
electricity.”

Finally, an example for a factory [29] is changing systems so that the energy consumption 
in a vehicle assembly line is reduced when the line does not operate. Today, many produc-
tion lines continue running during breaks and weekends. Consider laser welding technology 
that remains powered up over weekends, so it can resume quickly on Monday. This practice 
consumes up to 12% of total energy consumption of the assembly line. With Industry 4.0 
and cyber-physical systems, robots will go into standby mode as a matter of course during 
short production breaks and power down during longer breaks. Speed-controlled motors that 
reduce the energy required to run machines will be widespread. Such changes will signifi-
cantly reduce energy consumption and will be taken into account up front as part of Smart 
Factory design practices.

4. Conclusions

Introduction of the concept Industry 4.0 can reduce losses and improve efficiency of the pro-
cesses, because only comprehensive solutions can lead to real improvements. Developers of 
smart vehicles optimistically believe that autonomous vehicles on roads will improve the 
safety of the transport system, reducing the number of accidents due to the exclusion of the 
human factor.
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At the same time, despite the existing positive experience of introducing intelligent technolo-
gies, there are still can appear situations when alleged improvements can lead to losses while 
vehicles production. There are also a lot of issues identified by analysts that could lead to 
critical situations while such vehicles operation.

First, it should be noted that operation of any complicated system is always closely connected 
to the risks. It is especially actual for transport systems. The complexity of transportation sys-
tems’ risk analysis is due to the fact that an accident potentially may happen in any part of the 
route and the same events may lead to absolutely different consequences. That is why every 
decision for the existing transportation system’s optimization should also be considered from 
the perspectives of risk management.

The most possible risks with the most drastic consequences can be grouped by types:

1. Technical:

a. Reduction of operational reliability because of increased complexity of the vehicles’ 
design.

b. Increased infrastructure requirements.

c. Increased requirements to communication systems.

2. Ecological:

a. The risk of technological disasters if there are cyberattacks or failures in the control 
system.

b. The risk of increasing negative impact on environment because of expansion of the 
vehicles’ fleet.

3. Organizational:

a. Complexity of the movement algorithms for rough terrain.

b. The absence of a panoramic view of the streets, impeding the routing.

c. Increased requirements to information processing speed.

d. Complexity of decision-making in unusual situations.

4. Economic:

a. The high cost of infrastructure changes.

b. The high price of the vehicles.

5. Legal and ethical:

a. Ambiguity of legal responsibility for causing damage and when organizing transportation.

b. Loss of privacy.
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An example of such a system today is the CarTel project at MIT [27] where a fleet of taxis 
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with historical data to calculate the fastest routes for particular times of the day. Another 
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tion lines continue running during breaks and weekends. Consider laser welding technology 
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consumes up to 12% of total energy consumption of the assembly line. With Industry 4.0 
and cyber-physical systems, robots will go into standby mode as a matter of course during 
short production breaks and power down during longer breaks. Speed-controlled motors that 
reduce the energy required to run machines will be widespread. Such changes will signifi-
cantly reduce energy consumption and will be taken into account up front as part of Smart 
Factory design practices.

4. Conclusions

Introduction of the concept Industry 4.0 can reduce losses and improve efficiency of the pro-
cesses, because only comprehensive solutions can lead to real improvements. Developers of 
smart vehicles optimistically believe that autonomous vehicles on roads will improve the 
safety of the transport system, reducing the number of accidents due to the exclusion of the 
human factor.
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First, it should be noted that operation of any complicated system is always closely connected 
to the risks. It is especially actual for transport systems. The complexity of transportation sys-
tems’ risk analysis is due to the fact that an accident potentially may happen in any part of the 
route and the same events may lead to absolutely different consequences. That is why every 
decision for the existing transportation system’s optimization should also be considered from 
the perspectives of risk management.

The most possible risks with the most drastic consequences can be grouped by types:

1. Technical:

a. Reduction of operational reliability because of increased complexity of the vehicles’ 
design.

b. Increased infrastructure requirements.

c. Increased requirements to communication systems.
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a. The risk of technological disasters if there are cyberattacks or failures in the control 
system.

b. The risk of increasing negative impact on environment because of expansion of the 
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a. Complexity of the movement algorithms for rough terrain.

b. The absence of a panoramic view of the streets, impeding the routing.

c. Increased requirements to information processing speed.
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6. Social:

a. The loss of jobs by people whose work is related to driving vehicles.

b. Lack of driving experience of drivers in critical situations.

c. Loss of self-driving capability.

All problems described above have to be solved now, before the widespread of intelligent 
vehicles. The main but not the only trends in solving these problems are as follows:

• Development of new communication systems, information security systems and improv-
ing the reliability of control systems.

• The use of resource-saving technologies, improving the efficiency of transportation 
management.

• Accidents’ statistics collection and analysis, development of expert systems and knowl-
edge bases in the field of traffic management and improving the movement algorithms and 
the vehicles’ design and position control systems.

• Service system improvement, the use of highly reliable components and redundancy of 
elements that ensure safety.

• Improvement of gesture recognition and speech-understanding technologies.

In this regard, the processes of the vehicles’ intellectualization should be considered from 
the point of view of each stage of the life cycle and the most dangerous situations should be 
highlighted for the subsequent countermeasures development.
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6. Social:

a. The loss of jobs by people whose work is related to driving vehicles.

b. Lack of driving experience of drivers in critical situations.

c. Loss of self-driving capability.

All problems described above have to be solved now, before the widespread of intelligent 
vehicles. The main but not the only trends in solving these problems are as follows:

• Development of new communication systems, information security systems and improv-
ing the reliability of control systems.

• The use of resource-saving technologies, improving the efficiency of transportation 
management.

• Accidents’ statistics collection and analysis, development of expert systems and knowl-
edge bases in the field of traffic management and improving the movement algorithms and 
the vehicles’ design and position control systems.

• Service system improvement, the use of highly reliable components and redundancy of 
elements that ensure safety.

• Improvement of gesture recognition and speech-understanding technologies.

In this regard, the processes of the vehicles’ intellectualization should be considered from 
the point of view of each stage of the life cycle and the most dangerous situations should be 
highlighted for the subsequent countermeasures development.
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Abstract

The chapter focuses on the full life cycle of material and energy flows and uses in cities. 
Most of the impacts and opportunities in making cities more sustainable exist in how 
and what types of materials and energy source are used. The life cycle perspective of 
materials used in buildings and infrastructure systems is better addressed at the point of 
planning and design. The energy aspect touches both the efficiency of utilization and the 
impact intensity of the energy used to power and heat urban spaces and fuel transport 
systems. The type of sources of upstream supply of materials and energy is thus crucial. 
The commendable efficiency measures targeting the operation phase of urban systems 
should be accompanied by a consideration of the embodied impact of materials used and 
the end-of-life management of the materials following the end of their service life. The 
chapter ends with recommendations on best practices that potentially leverage on life 
cycle assessment results. It also covers the merits of employing the social life cycle per-
spective together with the environmental life cycle and economic life cycle in a life cycle 
sustainability assessment framework that seeks to define the triple bottom line space of 
lower unsustainability conditions.

Keywords: life cycle assessment, life cycle sustainability assessment, climate change, 
greenhouse gases, circular economy, sustainable cities, material flows

1. Introduction

Addressing increasingly pressing global challenges of climate change and other long-term 
impacts demands critical understanding of the sustainability (environmental, social, and 
economic) performance of current best practices of developing and managing the totality 
of urban infrastructure systems and accounting for how future technical and nontechnical 
changes influence the sustainability of cities. Dominant practices currently focus only on 
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one aspect of the sustainability (e.g., environmental [1]) or only one component of the city 
at a time (e.g., transportation [2]) or only part of the life cycle of the infrastructure (e.g., 
embodied energy [3]). Decisions based on such partial information and limited knowledge 
should be replaced by more complete knowledge as a basis for decision analysis of the 
development and management of future infrastructure systems in cities to curb damaging 
and costly suboptimal developments. A comprehensive account of relevant environmen-
tal, social, and economic aspects of our urban systems provides municipalities and high 
levels of government with the opportunity to look at the merits, synergies, and trade-offs 
associated with alternative development and operational decisions in creating sustainable 
cities.

What does a sustainable city look like? The literature offers as little on a widely accepted 
definition of sustainable city as it does on what sustainable development in general is. The 
difficulty of defining sustainable development has led to over 200 definitions [4].

Closer examination of the literature over the past 20 plus years shows that different issues are 
emphasized in the urban sustainability discourse depending on field of study and the prob-
lem at hand. Land-use system as a vehicle for achieving urban sustainability was not widely 
supported with evidence as mentioned in work published in 1997 [5]. When areas where 
improved environmental performance is needed in cities were identified, the emphasis was 
on how to integrate them with social, economic, and political goals of sustainable develop-
ment [6]. In a case study on the Scottish capital of Edinburgh [7], a work on weak and strong 
sustainability measures for cities differentiated between unsustainable cities, weak sustain-
able cities, and strong sustainable cities. The strong sustainable cities model is close to what 
is now promoted as urban scale equivalent of circular economy at the majority of materials 
reused, repaired, and recycled, recognizing the limits to resources and assimilation capacities 
(e.g., see [8]).

The literature around sustainable cities reflects the compact city concepts of abating urban 
sprawl, increasing density, and achieving mixed uses while ensuring diversity and vitality, 
both socially and economically [9]. Urban form is an important element that has attracted sig-
nificant research attention in the literature. Policies that focus on sustainability of cities should 
stay away from the quest for a long-term goal of creating a single definitive urban form that 
is sustainable as it does not exist [9]. There are more avenues that lead to more sustainable 
forms. In their research that involved many British cities on the role of urban form, their 
conclusion was that “there are no simple answers or clear relationships between urban form 
and the dimensions of the sustainable city.” Others have also explored how density and other 
urban forms relate to sustainability (e.g., [10]).

Two important aspects of urban sustainability are the issue of system boundary and the issue 
scale. Allocation of greenhouse gases (GHGs) from surface and air transportation spatially to cit-
ies that make up a commuter shed is demonstrated in [11]. Factors such as surface vehicle miles 
traveled per capita (estimated to range from 13 to 129 km/capita/day for the Denver commuter 
shed) that affect the allocation are identified. Along the same line, geography, urban form, and 
the urban economy affect the GHG emissions of cities were highlighted elsewhere [12].
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While liveability of cities is seen within a broader framework of urban sustainable develop-
ment [13], the role of sufficiently incorporated urban natural areas in creating sustainable cit-
ies is also stressed [14]. Sustainable cities are also presented in different studies as low-carbon 
cities (e.g., [15]). As part of achieving sustainable development of Chinese cities, low carbon 
goals of urban development are proposed by local governments [16]. Governance level is 
considered a critical element in other parts of the world as well [17–19]. They provide the 
examples of “garden city, Chinese electric valley, and Sun City.” Examining how the concepts 
of compact city, the zero-carbon eco-city, and the U-ecocity contradict or fall short of meet-
ing sustainability principles, the use of the term “transition toward the sustainable city” was 
proposed as an accurate and more effective goal of our cities around the world aspire to be 
[20]. Arguments for establishing guiding principles at different levels in creating sustainable 
cities are abundant (e.g. [21, 22]).

The literature is full of connecting the concept of sustainable cities to the triple bottom line of 
social, economic, and environmental standing of different aspects of urban areas. The need 
to convert our unsustainable cities by developing sustainable city models and rehabilitation 
plans that help us implement sustainability practices considering environmental and social 
performance factoring in economic elements is pointed out [23]. Earlier, the social, eco-
nomic, and environmental dimensions of urban sustainability feature both complementarity 
and contradiction, underlining the importance of investigating alternatives using a holistic 
approach [9]. Even much earlier, going beyond the triple of bottom line of social, economic, 
and environmental sustainability, the n-bottom line framework of performance attributes 
used in the research, development, and demonstration activities under the sustainable cities 
research theme at CSIRO, Australia, was presented [24].

Overall, there is a recognition that cities are better supported with improved sustainability-
oriented policy-relevant information and knowledge on urban design, development, and 
management (e.g., [25]). There are potential multiple features that can represent what can be 
considered as part of the sustainable city vision [26].

From a life cycle perspective, a sustainable city is here defined as one whose residents and 
decision-makers account for a life cycle triple bottom line (social, economic, and environmen-
tal bottom lines) performance in prioritization and ranking of alternative decisions emphasiz-
ing the process. A sustainable city as a product is one that advances socially and economically 
with a nondeclining environmental quality over time. Environmental sustainability that 
embodies environmental quality, or rather the avoidance of the degradation of it, is measured 
in the form of environmental impacts such as climate change, acidification, eutrophication, 
fossil fuel energy use, resource depletion, smog, ozone layer depletion, and different forms of 
toxicity. The level of impact should be capped within the city’s allocated share based on what 
is required for achieving global net minimum sustainability threshold. Economic progress as 
a proxy to economic sustainability in a city in this case is measured as increase in GDP per 
capita together with very low or decrease in GINI coefficient implies. The economic progress 
should be at the level where the city continues to make an operational profit that enables it 
to sustain its activities indefinitely. Social sustainability is represented by different aspects 

Life Cycle Insights for Creating Sustainable Cities
http://dx.doi.org/10.5772/intechopen.81633

135
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urban forms relate to sustainability (e.g., [10]).
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management (e.g., [25]). There are potential multiple features that can represent what can be 
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ing the process. A sustainable city as a product is one that advances socially and economically 
with a nondeclining environmental quality over time. Environmental sustainability that 
embodies environmental quality, or rather the avoidance of the degradation of it, is measured 
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of social well-being such as inclusiveness, participation, employment opportunities, educa-
tion successes, and health service coverage. It can be monitored by higher level of measured 
resident’s satisfaction with sustaining their social well-being at the time of measurement and 
in the long run.

The rest of the chapter continues with a brief outline of challenges in cities, presentation of 
some life cycle opportunities, discussion of areas to be considered in achieving a life cycle 
sustainability of cities, and ending with the way forward.

2. Urban challenges

Cities operate in a resource-constrained platform that is full of challenges as they work with 
land use and planning priorities. Among the different ways to structure the challenges of cit-
ies, one conventional approach is to categorize issues by type of city department responsible 
for addressing them. Thermodynamically, challenges in our cities can be linked to the quan-
tity and quality of material and energy generated and/or consumed in cities. These material 
and energy flows affect land use in and beyond the city boundaries. Creating a sustainable 
city is ensuring how it deals with its material and energy flows and how its physical assets are 
developed and managed from a life cycle perspective. It is about realizing ways of developing 
and managing sustainable buildings, water supply, waste management, wastewater treat-
ment, and transport systems. It is about how a city serves its residents and how its economy is 
managed. The challenges are presented here in terms of material and energy flows entering, 
occurring, and leaving cities.

2.1. Material aspects of cities

The material dimension of cities includes the buildings, the infrastructure, green spaces and 
parks, and the transport. Under infrastructure, roads, city rails, water infrastructure, and 
wastewater infrastructure are covered. It covers both bound materials and material flows 
through cities. From concrete to steel, huge amounts of materials reside in and pass through 
mega cities [27]. The amount and type of materials in the building and infrastructures has 
been accumulating without meaningful thought concerning their fate. Traditionally, there 
were no regulatory requirements or economic or other forms of incentives to force or encour-
age material specifiers, builders, etc. to account for the end of life of the construction materials 
after the service life of the building or infrastructure is over. The toxicity buildup in these 
materials is worrisome, should the emitted substances make their way to our surface and 
groundwater or to the atmosphere.

When human beings used materials to build in the early days of urbanization in Asia and 
Africa, the materials were dominantly monotype and were loosely connected. Biomass in 
the form of straw, wooden beams and lintels, sun-dried clay mud, and stones consisted of 
most of these building materials. The materials, if necessary, could be disconnected easily and 
reused more than once. These materials were also harvested and collected from the imme-
diate environment locally. With the advent of synthesis chemistry and the introduction of 
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composite materials, the complexity of construction materials has increased significantly. The 
subsequent construction technologies of meshing up different types of materials have led to 
inseparable end products that can no longer be reused in a second life. The distances from 
which materials are sourced have also increased significantly for most of the supplies.

What we do in cities today will be critical in terms of influencing the material content of 
the existing building and infrastructure stock, which will stay for the next 50 years or more 
depending on the life time of the building and infrastructure. In the past and still in most 
cases, majority of these materials after demolition are sent to landfills. For lack of space and 
not-in-my-backyard pushes from local communities, cities are finding it difficult to get land-
filling spaces to cope with the increasing quantity of building and demolition waste.

Regulatory restrictions and increasing awareness will force municipal decision-makers and 
developers to find new ways of sourcing new materials and using them in new constructions. 
Construction technologies need to account for the eventual disassembly of materials used in 
buildings and infrastructures and separation by material type.

Our knowledge of what materials contain and how they should be connected and used in 
buildings and infrastructure systems should account for how they will be disposed of at a 
later stage. Cities can save on extraction of virgin raw material and avoid other resources 
consumed during the extraction, processing, and transport of materials.

2.2. Water and wastewater aspects of cities

Many urban areas around the world do not provide basic services of clean water supply 
and adequate sanitation. In 2015, 2.1 billion people lacked access to safely managed drinking 
water [28]. Waterborne diseases are responsible for a significant number of deaths and lost 
productivity and shortened life expectancy in many developing countries. Almost 1000 days 
die of waterborne diseases associated with lack of appropriate sanitation and clean water 
before celebrating their fifth birthday [28].

Cities have been from the very beginning on a wasteful trajectory when it comes to water 
supply and treatment. One aspect of this resource leakage is that our urban areas continue 
to utilize potable water treated through a series of technologies and consuming energy and 
chemicals for treatment only to be used to flush toilets. We are so locked-in to this obsolete sys-
tem that our plumbing education and building codes are tied to this unduly common and old 
inefficient practice. The dependence on these paths and system has prevented decentralized 
innovative solutions from making important contributions both in incremental and transfor-
mative changes of how water and wastewater services are delivered in cities. The solutions 
that are proposed to areas where there are poor and no such services at all are often large and 
centralized systems. Due to increased urbanization, many cities are overstretched in terms of 
water and wastewater treatment plant capacity. Building new systems and upgrading these 
large systems require big investments. The amount of energy consumed in the treatment of 
water and wastewater and the transport and distribution is one hindrance in operating and 
maintaining existing systems in cities where topography is challenging. Nutrient leakage 
associated with wastewater management is another aspect that needs attention.
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diate environment locally. With the advent of synthesis chemistry and the introduction of 
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composite materials, the complexity of construction materials has increased significantly. The 
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depending on the life time of the building and infrastructure. In the past and still in most 
cases, majority of these materials after demolition are sent to landfills. For lack of space and 
not-in-my-backyard pushes from local communities, cities are finding it difficult to get land-
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later stage. Cities can save on extraction of virgin raw material and avoid other resources 
consumed during the extraction, processing, and transport of materials.

2.2. Water and wastewater aspects of cities

Many urban areas around the world do not provide basic services of clean water supply 
and adequate sanitation. In 2015, 2.1 billion people lacked access to safely managed drinking 
water [28]. Waterborne diseases are responsible for a significant number of deaths and lost 
productivity and shortened life expectancy in many developing countries. Almost 1000 days 
die of waterborne diseases associated with lack of appropriate sanitation and clean water 
before celebrating their fifth birthday [28].

Cities have been from the very beginning on a wasteful trajectory when it comes to water 
supply and treatment. One aspect of this resource leakage is that our urban areas continue 
to utilize potable water treated through a series of technologies and consuming energy and 
chemicals for treatment only to be used to flush toilets. We are so locked-in to this obsolete sys-
tem that our plumbing education and building codes are tied to this unduly common and old 
inefficient practice. The dependence on these paths and system has prevented decentralized 
innovative solutions from making important contributions both in incremental and transfor-
mative changes of how water and wastewater services are delivered in cities. The solutions 
that are proposed to areas where there are poor and no such services at all are often large and 
centralized systems. Due to increased urbanization, many cities are overstretched in terms of 
water and wastewater treatment plant capacity. Building new systems and upgrading these 
large systems require big investments. The amount of energy consumed in the treatment of 
water and wastewater and the transport and distribution is one hindrance in operating and 
maintaining existing systems in cities where topography is challenging. Nutrient leakage 
associated with wastewater management is another aspect that needs attention.
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2.3. Solid waste aspects of cities

The solid waste problem has economic implications in many developed cities. In developing 
countries, the issue takes a multifaceted form as it affects the social, environmental, and short-
term and long-term economic advancements of urban areas. With increasing urbanization, 
the composition and quantity of waste is surpassing the already meager resource allocated 
to proper management of the waste in many cities of the developing world. According to the 
UN, the share of the world’s population living in cities is expected to rise from 54 percent in 
2014 to around 66 percent in 2050 [29].

The rate of increase of volume of solid waste generation is higher than the rate of urbaniza-
tion as established by a World Bank report from 2012 [30]. By 2025, the planet will have 4.3 
billion urban residents generating about 1.42 kg/capita/day of municipal solid waste, that 
is, 2.2 billion tons per year. This increase in solid waste, which is the single largest budget 
item in many municipalities, will create unprecedented stress in cities in many develop-
ing countries, which are already operating under capacity in properly managing their solid 
waste. If current trends continue, a badly needed global “peak waste” will not happen this 
century [31].

2.4. Energy aspects of city buildings and transport

The heating, electricity, and fuel consumption of cities dominates the overall consumption of 
energy by society. Cities in the cold climate zones of the world specifically account for higher 
consumption of heat. The hottest regions of the world consume significantly high amounts of 
ventilation and air-conditioning energy. Decisions about the type and quantity of fuels used 
to deliver the relevant energy services often revolve around their energy intensity and impact 
intensity. Cities in different countries therefore have legislated to limit the amount of energy 
consumed by buildings. There has also been an increasing tendency of moving away from 
fossil fuel consumption in heating and electricity generation. Those in the cold climate regions 
will have to plan how their buildings and infrastructure will be heated during the long winter 
months of the year. The long-life time of buildings and the associated lock-in effect of the 
existing building stock require innovative approaches to redevelopment and urban renew-
able plans.

As the power grid decarbonizes, many cities in the world will continue to deal with their 
transport fuel. The amount of fossil fuel consumed for transportation in cities across the 
world is still the dominant contributor in both energy consumption and associated emissions 
of different types. This can be attributed to the high-carbon fuels and the increased mobility 
and expanding urbanization-led infrastructure systems. The expansion of these systems con-
tributes to increase in indirect consumptions of energy through increased economic activities 
triggered by the infrastructures.

Measures aiming at energy efficiencies may not necessarily lead to the desired outcome 
of net reduction of energy and associated impact at the society level because of a potential 
rebound effect. Any extra money associated with energy efficiency when spent on previously 
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nonexistent activity comes with higher energy consumption such as long-distance leisure 
travel; any gain from the energy efficiency is offset by the new energy-intensive activity and 
undermines the otherwise positive energy efficiency program.

Legislative and incentive instruments aiming at reducing energy use in cities with focus on 
buildings and transport systems better take a bigger picture and look beyond the different 
subsystems and factors including technological, architectural, urban form, lifestyle, behav-
ioral, and cultural aspects (e.g., [32]).

3. Life cycle-based solutions for sustainable cities

Many of the problems that are established as critical in the context of urban areas are charac-
terized as severe based on partial considerations of the full life cycle. They can be worse when 
accounted in their totality from a life cycle systems’ perspective considering the downstream 
and upstream systems as well. Cities at the same time have a capacity of leverage in moving 
society at large in the right direction. Dematerialization of the urban infrastructure, exploring 
the area of integrated infrastructure and life cycle-based performance labeling are discussed 
as important elements of such opportunities. Capitalizing on such opportunities, however, 
demands a paradigm shift in the way cities do business.

3.1. Dematerialization of urban infrastructure

Innovative designs can be sought to reduce the quantity of materials extracted, processed, 
and utilized without compromising the quality of the infrastructure. This reduction in the 
amount of materials is not limited to what is finally bounded in the urban form. A life cycle 
perspective provides the opportunity to take stock of the materials that are wasted upstream 
in the mining and quarry sites as well as the waste that should have been diverted from 
landfills in and around cities. The life cycle lens goes beyond the embodied material during 
the preuse construction phase. Services provided by and on urban infrastructure should also 
be dematerialized. Dematerialization is better seen as covering both a relative and absolute 
decoupling of resource consumption and associated environmental impact from economic 
growth. It is realized through concerted efforts of achieving significant increase in material 
and environmental efficiency. At the broadest level, urban areas around the world should 
be developed and operated with an additional type of decoupling in mind that decouples 
human well-being from economic growth and consumption through a set of measures 
that include reduction of excessive consumption levels. Decarbonization as a specific case 
of dematerialization is best applied in the form of decarbonizing the energy and transport 
systems, which are the top two contributors for greenhouse gases in cities around the world.

3.2. Assessment integration and integrated infrastructure

Given existing building and infrastructure stock are here to stay for long, innovative technical 
and financial mechanisms are required to reuse old infrastructure systems and as last resort 
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2.3. Solid waste aspects of cities
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billion urban residents generating about 1.42 kg/capita/day of municipal solid waste, that 
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item in many municipalities, will create unprecedented stress in cities in many develop-
ing countries, which are already operating under capacity in properly managing their solid 
waste. If current trends continue, a badly needed global “peak waste” will not happen this 
century [31].

2.4. Energy aspects of city buildings and transport

The heating, electricity, and fuel consumption of cities dominates the overall consumption of 
energy by society. Cities in the cold climate zones of the world specifically account for higher 
consumption of heat. The hottest regions of the world consume significantly high amounts of 
ventilation and air-conditioning energy. Decisions about the type and quantity of fuels used 
to deliver the relevant energy services often revolve around their energy intensity and impact 
intensity. Cities in different countries therefore have legislated to limit the amount of energy 
consumed by buildings. There has also been an increasing tendency of moving away from 
fossil fuel consumption in heating and electricity generation. Those in the cold climate regions 
will have to plan how their buildings and infrastructure will be heated during the long winter 
months of the year. The long-life time of buildings and the associated lock-in effect of the 
existing building stock require innovative approaches to redevelopment and urban renew-
able plans.

As the power grid decarbonizes, many cities in the world will continue to deal with their 
transport fuel. The amount of fossil fuel consumed for transportation in cities across the 
world is still the dominant contributor in both energy consumption and associated emissions 
of different types. This can be attributed to the high-carbon fuels and the increased mobility 
and expanding urbanization-led infrastructure systems. The expansion of these systems con-
tributes to increase in indirect consumptions of energy through increased economic activities 
triggered by the infrastructures.

Measures aiming at energy efficiencies may not necessarily lead to the desired outcome 
of net reduction of energy and associated impact at the society level because of a potential 
rebound effect. Any extra money associated with energy efficiency when spent on previously 
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nonexistent activity comes with higher energy consumption such as long-distance leisure 
travel; any gain from the energy efficiency is offset by the new energy-intensive activity and 
undermines the otherwise positive energy efficiency program.

Legislative and incentive instruments aiming at reducing energy use in cities with focus on 
buildings and transport systems better take a bigger picture and look beyond the different 
subsystems and factors including technological, architectural, urban form, lifestyle, behav-
ioral, and cultural aspects (e.g., [32]).

3. Life cycle-based solutions for sustainable cities

Many of the problems that are established as critical in the context of urban areas are charac-
terized as severe based on partial considerations of the full life cycle. They can be worse when 
accounted in their totality from a life cycle systems’ perspective considering the downstream 
and upstream systems as well. Cities at the same time have a capacity of leverage in moving 
society at large in the right direction. Dematerialization of the urban infrastructure, exploring 
the area of integrated infrastructure and life cycle-based performance labeling are discussed 
as important elements of such opportunities. Capitalizing on such opportunities, however, 
demands a paradigm shift in the way cities do business.

3.1. Dematerialization of urban infrastructure

Innovative designs can be sought to reduce the quantity of materials extracted, processed, 
and utilized without compromising the quality of the infrastructure. This reduction in the 
amount of materials is not limited to what is finally bounded in the urban form. A life cycle 
perspective provides the opportunity to take stock of the materials that are wasted upstream 
in the mining and quarry sites as well as the waste that should have been diverted from 
landfills in and around cities. The life cycle lens goes beyond the embodied material during 
the preuse construction phase. Services provided by and on urban infrastructure should also 
be dematerialized. Dematerialization is better seen as covering both a relative and absolute 
decoupling of resource consumption and associated environmental impact from economic 
growth. It is realized through concerted efforts of achieving significant increase in material 
and environmental efficiency. At the broadest level, urban areas around the world should 
be developed and operated with an additional type of decoupling in mind that decouples 
human well-being from economic growth and consumption through a set of measures 
that include reduction of excessive consumption levels. Decarbonization as a specific case 
of dematerialization is best applied in the form of decarbonizing the energy and transport 
systems, which are the top two contributors for greenhouse gases in cities around the world.

3.2. Assessment integration and integrated infrastructure

Given existing building and infrastructure stock are here to stay for long, innovative technical 
and financial mechanisms are required to reuse old infrastructure systems and as last resort 
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recycle materials from them. Repurposing should be a prioritized norm in renewal and rede-
velopment works of urban centers across the world. The task of repurposing will be increas-
ingly huge with game-changing technical transformation globally. One good example is the 
large-scale introduction of autonomous vehicles. The need for our massive parking surface 
and above surface structures will be reduced significantly, and large part of these structures 
will be abandoned. It is, thus, time to rethink new purposes for them and redesign and rede-
velop them for a second life and beyond. New projects can be designed and implemented 
using advanced knowledge using our experience and by finding synergies between different 
urban forms. Best practices around the world should be emulated with focused attention to 
local contexts and variables. Urban decision-makers will benefit from twofold integration in 
relation to infrastructure systems in cities: integration of assessment aspects and integration 
potentials of infrastructure systems.

Under the assessment integration, elaborating the concept of a comprehensive integrated 
assessment in relation to decision analysis of infrastructure development and management is 
important. Setting higher environmental, social, and economic standard on our cities requires 
the integration of decision-making related to urban infrastructure systems by looking at the 
triple bottom line as a more comprehensive platform for complementary consideration of 
the most important and relevant variables while avoiding double counting of the aspects 
informed by such variables. Understanding the sustainability (environmental, social, and 
economic) performance of current best practices of developing and managing the totality of 
urban infrastructure systems and how future technical and nontechnical changes influence 
the sustainability is crucial. Conventional practices focus either on only one aspect of the 
sustainability or on only one infrastructure at a time and/or only part of the life cycle of the 
infrastructure. Decisions based on such partial information and circumscribed knowledge 
should be replaced by more complete knowledge as an input to the decision analysis stage 
of the development and management of future infrastructure systems. A comprehensive 
account of relevant environmental, social, and economic aspects of our urban infrastruc-
ture provides municipalities and higher level of governments the opportunity to look at the 
opportunities, the synergies, and trade-offs associated with alternative development and 
operational decisions. Our understanding of the performance of the current best practices of 
developing and managing infrastructure systems from environmental, social, and economic 
perspective is weak. Even weaker is the level of knowledge we have around the changes in 
performance in the future with the introduction of technical and nontechnical shifts that can 
potentially happen in the next 10–30 years. Without an actionable knowledge regarding the 
current and future potential performance of our cities, we will fall short of getting it right in 
terms of what measures will be critical in containing the negative impacts of disruptions that 
affect infrastructure systems from a life cycle perspective. Integrated assessment provides 
the opportunity of identifying cobenefits and adverse side effects, which will otherwise lie 
outside conventional assessment lens (see, e.g., [32]).

On integrated infrastructure, exploring how different levels and scales of physical integration, 
data integration, resource integration, management integration, and other forms of integra-
tion affects the overall performance of infrastructure systems is critical. In some cities, there is 
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already a demonstration of integration of infrastructure systems through connecting material 
and energy flows of individual systems [33]. Connecting the waste management infrastructure 
with the transport system using fuels such as biogas produced from waste to power vehicles is 
one example. Or the use of waste-driven electricity to power transport systems could link the 
three infrastructure systems through material and energy flows. Advanced integration will 
be physical (e.g., surface) integration. The future which in many areas is already here holds 
promising technologies in terms of integrated infrastructure such as solar shingles and solar 
panel roads. The photovoltaic layered roads or pedestrian ways, for example, can increase 
the values of infrastructure by adding new functions or layering functions, which is the basis 
of life cycle assessment’s focus on functions of product systems. Envisioning new vehicle 
technologies that can charge while driving wireless/wire free from the roads and even from 
other autonomously driven vehicles is not wild. These kinds of developments will, of course, 
require all kinds of new fiscal, regulatory, and social transformation to work effectively.

3.3. Life cycle-based labeling and certification

As cities and nations increasingly set greenhouse gases-focused goals and broader sustain-
ability targets, there is a need for measuring, monitoring, and communicating performances 
and progresses made. Increased sustainability awareness of citizens and the demand for bet-
ter options offered by cities and parts of cities to prospective residents would encourage the 
development of sustainability rated or certified infrastructures, districts, neighborhoods, and 
cities in the future. Assessments that can potentially support such ratings and certifications 
come in different shapes and sizes depending on the purpose, scope, and object of assessment. 
Life cycle assessment is about evaluating the environmental impacts of product systems such 
as buildings and infrastructure systems over their life cycle. Environmental impacts covered 
in a comprehensive life cycle assessment include climate change, ozone layer depletion, smog, 
eutrophication, acidification, human toxicity, ecotoxicity, biotic resource depletion, abiotic 
resource depletion, and fossil fuel depletion. Life cycle sustainability builds on life cycle 
assessment to include life cycle costing and social life cycle assessment.

Metrics for monitoring and communicating supported by quantitative data are helpful. There 
is, however, a need for scrutinizing the quality of data, for example, by qualifying the assess-
ment results and conclusions. More and better data collection from primary sources will be 
useful in addressing the kind of uncertainty associated with, for example, urban greenhouse 
gases inventory [34].

Verifiable and independently reviewed sustainability labeling and certification of buildings, 
neighborhoods, infrastructure systems, subcities, and cities has the potential of sending the 
right signals to the market and thereby fostering the expansion of best practices and state-
of-the-art design, development, and management of the different levels of organization of 
our urban areas. The performance labeling of infrastructure systems and other elements of 
urban forms will benefit from the experience of working with the life cycle-based environ-
mental product declarations (EPDs) in the building sector. Rules that set the principles and 
requirements to be followed in developing EPDs are set in product category rules (PCRs) 
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recycle materials from them. Repurposing should be a prioritized norm in renewal and rede-
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the most important and relevant variables while avoiding double counting of the aspects 
informed by such variables. Understanding the sustainability (environmental, social, and 
economic) performance of current best practices of developing and managing the totality of 
urban infrastructure systems and how future technical and nontechnical changes influence 
the sustainability is crucial. Conventional practices focus either on only one aspect of the 
sustainability or on only one infrastructure at a time and/or only part of the life cycle of the 
infrastructure. Decisions based on such partial information and circumscribed knowledge 
should be replaced by more complete knowledge as an input to the decision analysis stage 
of the development and management of future infrastructure systems. A comprehensive 
account of relevant environmental, social, and economic aspects of our urban infrastruc-
ture provides municipalities and higher level of governments the opportunity to look at the 
opportunities, the synergies, and trade-offs associated with alternative development and 
operational decisions. Our understanding of the performance of the current best practices of 
developing and managing infrastructure systems from environmental, social, and economic 
perspective is weak. Even weaker is the level of knowledge we have around the changes in 
performance in the future with the introduction of technical and nontechnical shifts that can 
potentially happen in the next 10–30 years. Without an actionable knowledge regarding the 
current and future potential performance of our cities, we will fall short of getting it right in 
terms of what measures will be critical in containing the negative impacts of disruptions that 
affect infrastructure systems from a life cycle perspective. Integrated assessment provides 
the opportunity of identifying cobenefits and adverse side effects, which will otherwise lie 
outside conventional assessment lens (see, e.g., [32]).

On integrated infrastructure, exploring how different levels and scales of physical integration, 
data integration, resource integration, management integration, and other forms of integra-
tion affects the overall performance of infrastructure systems is critical. In some cities, there is 

Sustainable Cities - Authenticity, Ambition and Dream140

already a demonstration of integration of infrastructure systems through connecting material 
and energy flows of individual systems [33]. Connecting the waste management infrastructure 
with the transport system using fuels such as biogas produced from waste to power vehicles is 
one example. Or the use of waste-driven electricity to power transport systems could link the 
three infrastructure systems through material and energy flows. Advanced integration will 
be physical (e.g., surface) integration. The future which in many areas is already here holds 
promising technologies in terms of integrated infrastructure such as solar shingles and solar 
panel roads. The photovoltaic layered roads or pedestrian ways, for example, can increase 
the values of infrastructure by adding new functions or layering functions, which is the basis 
of life cycle assessment’s focus on functions of product systems. Envisioning new vehicle 
technologies that can charge while driving wireless/wire free from the roads and even from 
other autonomously driven vehicles is not wild. These kinds of developments will, of course, 
require all kinds of new fiscal, regulatory, and social transformation to work effectively.

3.3. Life cycle-based labeling and certification

As cities and nations increasingly set greenhouse gases-focused goals and broader sustain-
ability targets, there is a need for measuring, monitoring, and communicating performances 
and progresses made. Increased sustainability awareness of citizens and the demand for bet-
ter options offered by cities and parts of cities to prospective residents would encourage the 
development of sustainability rated or certified infrastructures, districts, neighborhoods, and 
cities in the future. Assessments that can potentially support such ratings and certifications 
come in different shapes and sizes depending on the purpose, scope, and object of assessment. 
Life cycle assessment is about evaluating the environmental impacts of product systems such 
as buildings and infrastructure systems over their life cycle. Environmental impacts covered 
in a comprehensive life cycle assessment include climate change, ozone layer depletion, smog, 
eutrophication, acidification, human toxicity, ecotoxicity, biotic resource depletion, abiotic 
resource depletion, and fossil fuel depletion. Life cycle sustainability builds on life cycle 
assessment to include life cycle costing and social life cycle assessment.

Metrics for monitoring and communicating supported by quantitative data are helpful. There 
is, however, a need for scrutinizing the quality of data, for example, by qualifying the assess-
ment results and conclusions. More and better data collection from primary sources will be 
useful in addressing the kind of uncertainty associated with, for example, urban greenhouse 
gases inventory [34].

Verifiable and independently reviewed sustainability labeling and certification of buildings, 
neighborhoods, infrastructure systems, subcities, and cities has the potential of sending the 
right signals to the market and thereby fostering the expansion of best practices and state-
of-the-art design, development, and management of the different levels of organization of 
our urban areas. The performance labeling of infrastructure systems and other elements of 
urban forms will benefit from the experience of working with the life cycle-based environ-
mental product declarations (EPDs) in the building sector. Rules that set the principles and 
requirements to be followed in developing EPDs are set in product category rules (PCRs) 
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established through deliberative and participatory processes involving different stakehold-
ers including relevant industrial associations. Both PCRs and EPDs as a basis for verification, 
comparison, and evidence-based monitoring are developed as living documents and are 
updated from time to time to capture new data and knowledge, new technology, and new 
requirements.

4. Toward life cycle sustainability of cities

Urban sustainability is both about how to make new developments sustainable while renew-
ing existing building and infrastructure stock to fit the sustainability requirements of future 
cities. Urban areas of the future will be dominated by self-driving vehicles, renewable powered 
homes, and artificial intelligence-enabled systems and service. They will be better defined by 
how much of their physical assets and material flows in cities are in line with the principles of 
circular economy. Cities are well positioned to catalyze the institutional and technical aspects 
of rolling out a well-thought strategy for realizing an urban circular economy that covers 
physical assets in the city, products and services that are produced and/or consumed or pass 
through it. Circular economy is about ensuring a full account of the design, production, dis-
tribution, use, reuse/repair, and recycling with few net inputs of raw materials. Many cities 
around the world are at the bottom of the pyramid of hierarchy of material efficiency broadly 
known as “reduce, reuse, recycle, recover, and dispose,” which is at the core of the circular 
economy as materials and consumables are still disposed in open dumps in many developing 
countries.

Three areas of interest will drive the path to the development of more sustainable cities: triple 
bottom line space of better sustainability conditions; life cycle data access and quality; and 
streamlined semiquantitative life cycle evaluations.

4.1. Triple bottom line space of better sustainability conditions

Decision-makers at different levels struggle on regular basis with multitude of trade-offs. 
They are better supported by tools and frameworks that show beyond impact assessment 
results. A decision-maker wants to know as to what makes a given alternative better or the 
best of the pool and what elements should be in place to make the selected alternative work. 
For new technologies, designs, and development proposal, the need for such appraisal is 
more critical.

The concept of triple bottom line space of better sustainability conditions is here introduced 
as a suit of social, economic, and environmental conditions that a development proposal or 
a redevelopment plan of an existing part of a city should meet to function based on life cycle 
sustainability principles. The concept refers to a performance space delimited by the bound-
aries and thresholds of environmental, economic, and social conditions that can potentially 
encourage implementation of new ideas, new technologies, and novel solutions in urban 
areas around the world. These boundaries can be set based on context-specific analysis that 
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leads to city-wide net sustainability. The premise is that urban development options and 
pathways with triple bottom line performance numbers within the boundary conditions have 
higher chance of broader management and public buy-ins than those that lie outside the space 
boundary conditions. Research is required on how to establish the lower and upper boundar-
ies of space in view of creating the triple bottom line feasibility considering policy, market 
forces, and consumer perspectives.

Under social conditions are the sustainability-relevant behaviors of residents and barriers 
associated with product-related and lifestyle and culture-oriented practices. These include 
behaviors that lead to decrease or increase in energy and water consumption, recycling and 
composting waste, and supporting wildlife in gardens; travel behavior and car ownership; 
social participation; and the use of local services, businesses, and facilities [9]. Under eco-
nomic conditions are city activities that lead to a per capita income level that allows a sustain-
able level of consumption and a rate of job creation that agrees with the rate of increase in 
labor force. The environmental conditions allude to a requirement that relevant per capita, 
per dollar, and per spatial area impact metrics are within a globally threshold that does not 
undermine the sustainability of human life. One relevant global threshold, for example, is 
an annual per capita greenhouse gases emissions limit calculated globally as the maximum 
threshold to avoid unprecedented disasters due to climate change.

Life cycle sustainability assessment can be used to conduct baseline analysis, for example, on 
the natural resource extraction, energy, and impact intensity of materials and energy use in 
the current best practice of construction, operation, and decommissioning of infrastructure 
systems and other physical elements that affect the urban form in different ways. It can also 
be used to appraise future changes focusing on the life cycle performance of technical and 
nontechnical changes that affect the amount and type of material and energy utilization at 
the different stages of the life cycle of the urban infrastructure system. The appraisal process 
should be informed by social and economic criteria embedded in screening and prioritization 
tools. Integrated life cycle sustainability assessment covering the social feasibility, economic 
feasibility, and environmental feasibility serves as a basis for ensuring better political feasibil-
ity in city councils around the world.

4.2. Life cycle data access and quality

The future of our cities can be better shaped by more data-driven and evidence-based par-
ticipatory decision-making. The three tools that make up the life cycle sustainability assess-
ment framework are data intensive. The critical challenges of conducting the assessment 
are, thus, related to access to quality data. This problem gets more serious when we account 
for different scenarios of future technical and nontechnical changes and try to model them. 
Fulfilling the data requirements involves data collection, database development, and inter-
facing with existing data sources. We are in an era where huge amount of data resides and 
continues to pile up in the public and corporate realm. Data mining, access to relevant 
data, and presenting the data in a digestible format are part of the challenge. In the con-
text of life cycle sustainability assessment, data sources include primary sources from cities 
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established through deliberative and participatory processes involving different stakehold-
ers including relevant industrial associations. Both PCRs and EPDs as a basis for verification, 
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a redevelopment plan of an existing part of a city should meet to function based on life cycle 
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an annual per capita greenhouse gases emissions limit calculated globally as the maximum 
threshold to avoid unprecedented disasters due to climate change.
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the natural resource extraction, energy, and impact intensity of materials and energy use in 
the current best practice of construction, operation, and decommissioning of infrastructure 
systems and other physical elements that affect the urban form in different ways. It can also 
be used to appraise future changes focusing on the life cycle performance of technical and 
nontechnical changes that affect the amount and type of material and energy utilization at 
the different stages of the life cycle of the urban infrastructure system. The appraisal process 
should be informed by social and economic criteria embedded in screening and prioritization 
tools. Integrated life cycle sustainability assessment covering the social feasibility, economic 
feasibility, and environmental feasibility serves as a basis for ensuring better political feasibil-
ity in city councils around the world.
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The future of our cities can be better shaped by more data-driven and evidence-based par-
ticipatory decision-making. The three tools that make up the life cycle sustainability assess-
ment framework are data intensive. The critical challenges of conducting the assessment 
are, thus, related to access to quality data. This problem gets more serious when we account 
for different scenarios of future technical and nontechnical changes and try to model them. 
Fulfilling the data requirements involves data collection, database development, and inter-
facing with existing data sources. We are in an era where huge amount of data resides and 
continues to pile up in the public and corporate realm. Data mining, access to relevant 
data, and presenting the data in a digestible format are part of the challenge. In the con-
text of life cycle sustainability assessment, data sources include primary sources from cities 
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and secondary data sources from literature such as peer-reviewed publications, reports, 
and generic life cycle databases. For environmental life cycle data, commercial databases 
are increasing available. For example, the Swiss Ecoinvent life cycle database [35] covers 
many product systems including energy systems in many parts of the world and other 
infrastructure-related datasets. Commercial databases can be purchased as part of commer-
cial life cycle assessment software tools or as standalone databases. Free public alternative 
sources of life cycle data are still under development. One such example is the US Life Cycle 
Inventory database [36]. For social life cycle data, Social Hotspots Database (SHDB) [37] and 
Product Social Impact Life Cycle Assessment (PSILCA) [38] are the two available currently. 
For life cycle costing, generic data on material, labor, and equipment can be found from the 
RSMeans database [39].

4.3. Streamlined semiquantitative life cycle evaluation

Not all cities interested in sustainability issues are necessarily capable of conducting quantita-
tive life cycle sustainability assessment. Nor is it necessary to resort to detailed quantitative 
assessment all the time in all contexts. There are many decision situations that only merit 
streamlined semiquantitative systems of accounting for all three dimensions from a life cycle 
perspective. The systems allow for quick assessments at a relatively low cost. They come with 
the capacity to capture aspects that are inherently nonquantitative. They also result in rela-
tively easy-to-understand outcomes digestible to nonexperts. Such score-based system can 
take a form of a matrix structure composed of areas of protection or concern that represent the 
social, environment, and economic aspects on one side and the different life cycle stages on 
the other. The score values can be assigned based on a mix of experience, expert knowledge, 
previous studies, relevant checklists, and guidelines. Decision analysts working for munici-
palities can use such matrices or equivalent graphic systems to structure assessment infor-
mation and results together with, for example, workshop-driven stakeholder perspectives in 
supporting decision-making.

Once relevant and critical aspects or physical assets of cities are identified using critical 
streamlined semiquantitative life cycle evaluation, the need for a demanding and detailed life 
cycle sustainability assessment that is based on quantitative environmental life cycle assess-
ment and life cycle costing and quantitative and qualitative social life cycle assessment can be 
explored depending on the utility of the potential results to the decision context and resource 
availability.

5. The way forward

In pulling our cities out of institutional and infrastructural lock-ins and suboptimized 
planning and operational setting, three areas of need are identified: need for best practice 
demonstrations; need for framework for global urban sustainability; and need for life cycle 
sustainability literacy.
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5.1. Best practice demonstrations

Measurable goals supported by multidimensional aspects and associated indicators are cru-
cial in informing the planning, development, and rehabilitation projects in urban areas. The 
adaptation of indicators used in existing rating systems such as LEED Neighborhood and 
BREAM Communities to city scale is recommended [23]. Moreover, planners and developers 
benefit from real-world demonstration of good practices of the process and products of (re)
development of districts and cities around the world.

Two city district-level cases that can be emulated by other cities customizing to local vari-
ables are Hammarby Sjöstad and Royal Seaport in Stockholm. Hammarby Sjöstad was 
designed in the early 1990s and developed on an old industrial area of 150 ha (200 ha with 
water) over the period of 12 years since 2004. Once completed, there will be 11, 000 apart-
ments and around 35,000 people in the district [40]. It all started with an ambitious goal of 
becoming “twice as good” compared to the state-of-art of construction sector of the time. 
The detail of this goal was part of an environmental program that was adopted by the City 
Council of Stockholm and handed to developers. It included specific quantitative goals such 
as total supplied energy per square meter not exceeding 60 kWh with electricity capped at 
20 kWh. It was also mentioned that the district will be built in line with the principles of 
natural cycles. To close the material and energy cycle locally, the Hammarby Model was 
later developed where solid waste and wastewater from the district are recovered in the 
form of electricity, transport fuel, heating, and cooking energy for use in the district [41]. 
The Hammarby Model captures how different systems in the district are integrated [41].

In a detailed evaluation of Hammarby Sjöstad, it was assessed as successful overall [42]. The 
closing of cycles has led to the reduction in metabolic flows though it is far from making the 
district energy wise self-sufficient [33]. The evaluation provided some recommendations for 
use in future (re)development projects. One such recommendation focuses on the need for 
integrating environmental goals early in the planning process. In Hammarby Sjöstad, the 
environmental program came 4 years after planning activities started. A second recommenda-
tion captured the importance of accounting for behavioral aspects of future district residents 
and technological limitation as part of the same holistic vision. There have recently been con-
cerns raised by the residents of the district regarding the significant increase in the number of 
young people in the area, which was more than what was accounted for in the planning and 
development process. One aspect of the concern is the absence of a natural meeting place for 
the young residents within the district limits. The need to incentivize residents to live more 
sustainably in addition to the technical operational improvements built as part of the physical 
elements of the district is stressed [42].

Building on experience of Hammarby Sjöstad, a second more ambitious project on another sit 
in the north-east of Stockholm is under development. The Norra Djurgårdsstaden or in English 
the Royal Seaport started in 2009 and is right now Europe’s most comprehensive urban devel-
opment project pursuing the goal of creating an environmentally friendly district with at least 
12,000 apartments and 35,000 residents [43]. It aims to become a fossil fuel-free district by 2030 
by deploying renewable energy. Its near-term goal is limiting its per capita emission of carbon 
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and secondary data sources from literature such as peer-reviewed publications, reports, 
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tive life cycle sustainability assessment. Nor is it necessary to resort to detailed quantitative 
assessment all the time in all contexts. There are many decision situations that only merit 
streamlined semiquantitative systems of accounting for all three dimensions from a life cycle 
perspective. The systems allow for quick assessments at a relatively low cost. They come with 
the capacity to capture aspects that are inherently nonquantitative. They also result in rela-
tively easy-to-understand outcomes digestible to nonexperts. Such score-based system can 
take a form of a matrix structure composed of areas of protection or concern that represent the 
social, environment, and economic aspects on one side and the different life cycle stages on 
the other. The score values can be assigned based on a mix of experience, expert knowledge, 
previous studies, relevant checklists, and guidelines. Decision analysts working for munici-
palities can use such matrices or equivalent graphic systems to structure assessment infor-
mation and results together with, for example, workshop-driven stakeholder perspectives in 
supporting decision-making.

Once relevant and critical aspects or physical assets of cities are identified using critical 
streamlined semiquantitative life cycle evaluation, the need for a demanding and detailed life 
cycle sustainability assessment that is based on quantitative environmental life cycle assess-
ment and life cycle costing and quantitative and qualitative social life cycle assessment can be 
explored depending on the utility of the potential results to the decision context and resource 
availability.

5. The way forward

In pulling our cities out of institutional and infrastructural lock-ins and suboptimized 
planning and operational setting, three areas of need are identified: need for best practice 
demonstrations; need for framework for global urban sustainability; and need for life cycle 
sustainability literacy.
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20 kWh. It was also mentioned that the district will be built in line with the principles of 
natural cycles. To close the material and energy cycle locally, the Hammarby Model was 
later developed where solid waste and wastewater from the district are recovered in the 
form of electricity, transport fuel, heating, and cooking energy for use in the district [41]. 
The Hammarby Model captures how different systems in the district are integrated [41].

In a detailed evaluation of Hammarby Sjöstad, it was assessed as successful overall [42]. The 
closing of cycles has led to the reduction in metabolic flows though it is far from making the 
district energy wise self-sufficient [33]. The evaluation provided some recommendations for 
use in future (re)development projects. One such recommendation focuses on the need for 
integrating environmental goals early in the planning process. In Hammarby Sjöstad, the 
environmental program came 4 years after planning activities started. A second recommenda-
tion captured the importance of accounting for behavioral aspects of future district residents 
and technological limitation as part of the same holistic vision. There have recently been con-
cerns raised by the residents of the district regarding the significant increase in the number of 
young people in the area, which was more than what was accounted for in the planning and 
development process. One aspect of the concern is the absence of a natural meeting place for 
the young residents within the district limits. The need to incentivize residents to live more 
sustainably in addition to the technical operational improvements built as part of the physical 
elements of the district is stressed [42].

Building on experience of Hammarby Sjöstad, a second more ambitious project on another sit 
in the north-east of Stockholm is under development. The Norra Djurgårdsstaden or in English 
the Royal Seaport started in 2009 and is right now Europe’s most comprehensive urban devel-
opment project pursuing the goal of creating an environmentally friendly district with at least 
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dioxide to 1.5 ton. A closed cycle model where linkages and synergies will be highlighted is 
also part of the plan. Developers of Royal Seaport project agreed to a legally binding building 
energy performance target of 55 kWh/m2 [43]. The literature is full of connecting the concepts 
of smart city and sustainable city in projects like the Royal Seaport [44–46]. The political sup-
port for the Hammarby Sjöstad by Stockholm City Council was repeated for Royal Seaport by 
approving the environmental and sustainability program for the project in October 2010 [47]. 
The environmental, social, and economic sustainability goals of the district are to be realized 
through eight focus areas targeting technical and behavioral aspects. These are environmentally 
adapted residential and commercial premises; sustainable energy systems; sustainable water 
and wastewater systems; sustainable transport; sustainable recovery systems; climate-adapted 
and green outdoor environment; sustainable lifestyles; and sustainable businesses [47].

Other discussions on examples from North America include the city of Portland’s Pearl 
District [48, 49] and Minnesota’s Winona [50].

5.2. Framework for global sustainability of cities

As no city can be truly sustainable in isolation, a set of targets and indicators (e.g., [51]) to 
be adopted by all cities around the world is necessary. Despite its limited ambition, the UN 
Sustainable Development Goals (SDGs) adopted in 2015 with 2030 targets for all countries 
offer such a global framework that covers cities across the world. Of the 17 SDGs, SDG 11 on 
Sustainable Cities and Communities has most direct connection to cities. However, other goals 
such as SDG 3 on Good Health and Well-being; SDG 5 on Gender Equality, SDG 6 on Clean Water 
and Sanitation; SDG 7 on Affordable and Clean Energy; SDG 8 on Decent Work and Economic 
Growth; SDG 9 on Industry, Innovation and Infrastructure, and SDG 10 on Reduced Inequality 
are all relevant to how we develop and manage our urban areas. The same with the SDG dedi-
cated for dealing with climate change. In a work on the network and integrated feature of SDGs, 
SDG 11 is presented as connected to six other SDGs [52]. Direct and indirect connections can also 
be made between the SDGs and the material, energy, and water flows to and from urban areas.

SDG 11 has 10 targets and 15 indicators that together recognize housing (sustainable resilient 
and resource-efficient buildings), basic services, waste management, transport, and public 
spaces as physical assets of cities. It considers natural and cultural heritage, global GDP, life 
and health of people as safeguard objects. A close examination of this SDG unravels implicit 
and explicit performance attributes of a sustainable city such as adaptation to climate change; 
adequacy; affordability; accessibility; convenience; free of physical and sexual harassment; 
holistic approach; inclusion; increase in land use efficiency (low land use rate to population 
growth rate ratio); integration; mitigation of climate change; participation; protection of poor 
and people in vulnerable situations; reduction in disaster risks; reduction in disaster-driven 
deaths; reduction in number of people affected by disasters; reduction in adverse per capita 
environmental impacts such as fine particulate matter; resource efficiency; resilience to disas-
ters; safety; substantial decrease of economic loss; and support for positive, economic, social, 
and environmental link within and to surrounding areas of urban centers. SDG 11 envisions 
a sustainable city that avoids disasters that damage critical infrastructure and disrupt basic 
services.
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Cities achieve these performance attributes through integrated policies and plans at urban, 
regional, and national levels; urban management; risk management; and local and national 
disaster risk reduction strategies. Environmental issues explicitly mentioned in SDG 11 are 
climate change, waste, air pollution, and particulate matter. This SDG mentions sustainable, 
resilient, and resource-efficient building and use of local building materials only and specifi-
cally in the context of least developed countries. It is not clear why the buildings of developed 
countries that were designed, constructed, and operated inefficiently and unsustainably are 
not included.

5.3. Life cycle sustainability literacy

Sustainable urban development’s accounting for circumstances of constrained resources 
under which they occur needs to be undertaken in ways that avoid or minimize lock-in and 
rebound effects. Informed decisions regarding different elements of the urban fabric should 
be made with the goal of creating cascading positive impacts. For example, accessible golf 
courts that are organically integrated within the network of built-up areas of cities serve envi-
ronmental functions on top of the social well-being, associated with recreation and active life 
as their accessibility and affordability, potentially lead to a reduction of long-distance leisure 
travels by local golfers and avoids or reduces impacts attributed to hotel and other related 
activities.

Life cycle sustainability consideration of all relevant aspects for creating new cities and 
redeveloping the existing comes with the complexity of working with “complementarities 
and contradictions within the dimensions of urban sustainability” [9]. To this end, life cycle 
sustainability literacy at technical and managerial level of cities is required on, for example, 
the material and energy ramifications of decisions passed by city council on upstream and 
downstream systems.

At the technical level, the capacity building task should cover on how to work with better data 
and state-of-the-art methodology.

At the managerial level, there is a need for understanding that life cycle sustainability assess-
ment offers systemic view that recognizes the indivisibility of systems and sustainability even 
when looking at the subsystems and the individual dimensions before bringing everything 
into one whole.

A platform that seeks to address inequality and climate change in cities called Future Cities 
Canada identified areas to work on such as evaluation and impact indicators, needs-driven 
data, and evidence-based decision-making [53]. All these areas can be mapped into environ-
mental and social bottom line of life cycle sustainability to be developed as part of a literacy 
kit for urban decision-makers.

Evidence-based decision-making at the decision-makers’ and city residents’ level has the 
potential to push cities on a sustainable development trajectory toward better sustainabil-
ity. Life cycle perspective of such evidence-driven intervention recognizes long-term and 
lasting impacts of current decisions requiring continued commitment. Our urban world 
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dioxide to 1.5 ton. A closed cycle model where linkages and synergies will be highlighted is 
also part of the plan. Developers of Royal Seaport project agreed to a legally binding building 
energy performance target of 55 kWh/m2 [43]. The literature is full of connecting the concepts 
of smart city and sustainable city in projects like the Royal Seaport [44–46]. The political sup-
port for the Hammarby Sjöstad by Stockholm City Council was repeated for Royal Seaport by 
approving the environmental and sustainability program for the project in October 2010 [47]. 
The environmental, social, and economic sustainability goals of the district are to be realized 
through eight focus areas targeting technical and behavioral aspects. These are environmentally 
adapted residential and commercial premises; sustainable energy systems; sustainable water 
and wastewater systems; sustainable transport; sustainable recovery systems; climate-adapted 
and green outdoor environment; sustainable lifestyles; and sustainable businesses [47].

Other discussions on examples from North America include the city of Portland’s Pearl 
District [48, 49] and Minnesota’s Winona [50].

5.2. Framework for global sustainability of cities

As no city can be truly sustainable in isolation, a set of targets and indicators (e.g., [51]) to 
be adopted by all cities around the world is necessary. Despite its limited ambition, the UN 
Sustainable Development Goals (SDGs) adopted in 2015 with 2030 targets for all countries 
offer such a global framework that covers cities across the world. Of the 17 SDGs, SDG 11 on 
Sustainable Cities and Communities has most direct connection to cities. However, other goals 
such as SDG 3 on Good Health and Well-being; SDG 5 on Gender Equality, SDG 6 on Clean Water 
and Sanitation; SDG 7 on Affordable and Clean Energy; SDG 8 on Decent Work and Economic 
Growth; SDG 9 on Industry, Innovation and Infrastructure, and SDG 10 on Reduced Inequality 
are all relevant to how we develop and manage our urban areas. The same with the SDG dedi-
cated for dealing with climate change. In a work on the network and integrated feature of SDGs, 
SDG 11 is presented as connected to six other SDGs [52]. Direct and indirect connections can also 
be made between the SDGs and the material, energy, and water flows to and from urban areas.

SDG 11 has 10 targets and 15 indicators that together recognize housing (sustainable resilient 
and resource-efficient buildings), basic services, waste management, transport, and public 
spaces as physical assets of cities. It considers natural and cultural heritage, global GDP, life 
and health of people as safeguard objects. A close examination of this SDG unravels implicit 
and explicit performance attributes of a sustainable city such as adaptation to climate change; 
adequacy; affordability; accessibility; convenience; free of physical and sexual harassment; 
holistic approach; inclusion; increase in land use efficiency (low land use rate to population 
growth rate ratio); integration; mitigation of climate change; participation; protection of poor 
and people in vulnerable situations; reduction in disaster risks; reduction in disaster-driven 
deaths; reduction in number of people affected by disasters; reduction in adverse per capita 
environmental impacts such as fine particulate matter; resource efficiency; resilience to disas-
ters; safety; substantial decrease of economic loss; and support for positive, economic, social, 
and environmental link within and to surrounding areas of urban centers. SDG 11 envisions 
a sustainable city that avoids disasters that damage critical infrastructure and disrupt basic 
services.
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resilient, and resource-efficient building and use of local building materials only and specifi-
cally in the context of least developed countries. It is not clear why the buildings of developed 
countries that were designed, constructed, and operated inefficiently and unsustainably are 
not included.
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Sustainable urban development’s accounting for circumstances of constrained resources 
under which they occur needs to be undertaken in ways that avoid or minimize lock-in and 
rebound effects. Informed decisions regarding different elements of the urban fabric should 
be made with the goal of creating cascading positive impacts. For example, accessible golf 
courts that are organically integrated within the network of built-up areas of cities serve envi-
ronmental functions on top of the social well-being, associated with recreation and active life 
as their accessibility and affordability, potentially lead to a reduction of long-distance leisure 
travels by local golfers and avoids or reduces impacts attributed to hotel and other related 
activities.

Life cycle sustainability consideration of all relevant aspects for creating new cities and 
redeveloping the existing comes with the complexity of working with “complementarities 
and contradictions within the dimensions of urban sustainability” [9]. To this end, life cycle 
sustainability literacy at technical and managerial level of cities is required on, for example, 
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downstream systems.

At the technical level, the capacity building task should cover on how to work with better data 
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into one whole.
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mental and social bottom line of life cycle sustainability to be developed as part of a literacy 
kit for urban decision-makers.

Evidence-based decision-making at the decision-makers’ and city residents’ level has the 
potential to push cities on a sustainable development trajectory toward better sustainabil-
ity. Life cycle perspective of such evidence-driven intervention recognizes long-term and 
lasting impacts of current decisions requiring continued commitment. Our urban world 
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and our planet at large benefits from a depoliticized use of the life cycle view as a golden 
thread of planning and development. It provides a platform for engaging stakeholders 
along the life cycle irrespective of ideological orientation. That will potentially drive mean-
ingful and long-lasting changes that leverage on a broader acceptance across the political 
spectrum.

Capacity building and awareness raising efforts will be effective if they start on streamlined 
semiquantitative life cycle sustainability assessment without resorting to detailed quantita-
tive assessment.

6. Conclusions

The material and energy flow perspective of diagnosing our cities and setting goals of trans-
forming them into more sustainable forms captures the essence of many of the global and 
local environmental challenges we face while it provides insights about the economic and 
social sustainability of what we do with the material and energy. The dominant and narrow 
notion of less-is-better falls short of optimal solutions as it cultivates different levels of burden 
shifting and suboptimization. Conventional analysis and the actions it derives only move 
the problem of one environmental medium into a problem of different medium. Cities have 
been pushing contemporary waste problems into future problems by, for example, landfilling 
divertible wastes. Plastic wastes from our cities and other parts of the economy have been 
shipped to China for so many years to the extent that it has assumed as a nonissue locally 
until this year when China banned the import of plastic waste from other countries includ-
ing Europe and North America. The practice has been shifting the problem geographically. 
When the world successfully phased of chemicals that depleted the ozone layer, some of 
the replacements were later found to be highly potent greenhouse gases. Solving the ozone 
layer depletion problem was followed by unwelcome development of negatively impacting 
another global problem.

The consequences of the suboptimal vicious circle of solving one problem by creating another 
problem or parking problems for tomorrow or pushing issues spatially can be avoided at best 
or reduced at least by having enough level of life cycle literacy that can inform the public-level 
and corporate-level decisions that seek to replace old systems with new alternatives. Moving 
toward a thorough and comprehensive consideration of the important parts of the life cycle of 
material and energy used in cities, all the environmental, social, and economic aspects associ-
ated with that use within a well-defined temporal and spatial system boundary are important. 
Retraining current cohorts of technical and managerial staff of our cities and educating new 
generation of decision-makers with the skill of crafting life cycle goals and communicating to 
relevant stakeholders will energize such full systems-level accounting.

It is not practical or necessary to have a detailed quantitative calculation for every part of the 
material and energy aspects of our urban areas. Continuing with a piecemeal approach that 
in the long run and from a broader perspective is not cost-effective, and a disservice to the 
people, the planet and broad-based profit is not an option.
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Abstract

The challenge for smart cities is to connect as many of its inhabitants to technology 
enabling solutions that improve their lives. Smart homes provide all users a means of 
interacting and impacting their environment. In developing economies this proves chal-
lenging and these challenges are daunting and overwhelming since system costs are 
always a foreboding factor. The chapter addresses these challenges by providing a low-
cost solution for a home energy saving measure. It introduces an overview of enabling 
technologies for a smart home by considering energy management, energy saving, load 
management and monitoring and control of living spaces. By leveraging the application 
of the Internet of Things (IoT) and load management strategies, the realisation of a smart 
home is made possible. This chapter presents a broad overview of the design and devel-
opment of a web-enabled smart home solution. Web development and control systems 
together form the backbone of automation for modern home automation technologies 
such as the Internet of Things and embedded systems. The developed web-enabled home 
automation incorporates elements of web developed software application and digital 
control systems. The web-enabled interface energy saving measure is a networked sys-
tem that uses web-enabled applications for enabling energy efficiency by incorporating 
load management, remote power consumption, monitoring and control.

Keywords: Internet of Things, smart home, energy management, energy saving, load 
management, energy efficiency
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1. Introduction

1.1. Smart homes in a sustainable city

As more people settle in cities, the increased urbanization requires cities to become sustain-
able. Sustainable cities provide access to a wide range of basic services such as affordable and 
clean energy. Globally electricity consumption rates are increasing year on year. One way in 
which sustainability can be achieved is by providing an affordable range of technologies that 
enable the management and reduction of electricity consumption. By decreasing the demand 
for more electricity cities can avoid the construction of more power plants. This can be realized 
by adopting standards for a wider range technologies that address the reduction in electricity 
demand. Investment in technology, infrastructure, innovation, sustainable development and 
scientific research is paramount if this goal is to be achieved. Advanced tools such as informa-
tion and communication technology (ICT) are able to assist the realization of sustainable cities 
by enabling urban dwellings to be transformed into smart homes and smart spaces. These 
technologies can contribute to the global efforts to provide urban citizens access to clean and 
affordable energy and also help the efforts to preserve the environment.

1.2. Elements of a smart home

As an assistive technology in smart cities, home automation is able to offer a high level of 
comfort, sophistication, data access, environmental controls, energy management and opera-
tional efficiency. Home automation provides an avenue for users to actively participate in 
accessing and controlling their environments. This is achieved by delivering to users tangible 
means of energy saving, perimeter security, data access and control of home appliances. As 
an energy management tool, home automation synchronizes the technology platform with 
practical benefits such as the ability to reduce home electric bills through control of home 

Figure 1. Home automation system elements.
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electrical loads. The capability is further enhanced by the provision of remote access and 
resource management. This is achievable if this user desirable features include access via a 
web application and mobile software application. Figure 1 indicates the typical elements of 
a home automation network. This represents the basic configuration encompassing sensors, 
actuators, controllable user loads, a main system controller and a remote user interface.

2. Literature review

2.1. Smart solutions

Modern assistive technologies should offer users smart and innovative solutions. These solu-
tions should rely on technology to make tasks easier to manage and complete [1–3]. The rapid 
improvement in electronic systems such as mobile phones and home appliances are not ben-
eficial to everyone, especially average consumers in developing countries. Energy consump-
tion can be determined through measuring energy usage. This is accomplished using energy 
meters employing electrical current sensors. In electrical terms, energy consumption is the 
measure of how much power is used by the load side of an electrical circuit. Consumers wish 
to enjoy the benefits offered by smart cities such as access to information, remote sensing and 
automation. Facilities such as home automation can offer users some of these benefits. Recent 
studies have found that when users have access to their home power usage statistics, they 
are more readily willing to act or intervene [4, 5]. The other problem that this intervention 
addresses is the integrated home automation systems with customized installation where the 

Figure 2. Mobile GSM-based home automation platform.
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end users cannot make modifications for their own joy and comfort; mostly these systems 
are expensive and out of reach for average consumers. Inexpensive solutions are desired to 
address customer needs.

2.2. Home automation platforms

Recently there has been much progress made in the areas of home automation with focus on 
the Internet of Things (IoT) [6–8].

There have been developments in solutions presented to address home automation. The 
embedded controller may be provided by a host of different families of microcontrollers such 
as affordable variants, which include the Atmel ATmega microcontrollers [9], the Arduino [10] 
or Raspberry Pi [11, 12]. The propriety-based microcontrollers offer a relatively more expen-
sive solution, which is not open-source, nor user code reconfigurable.

The communication channel has been one of the main foci. There have been solutions pro-
vided that incorporated the use of Bluetooth technology [13] as well as systems that used 
ZigBee communication [14]. Some of these include the use of Global System for Mobile com-
munication or GSM network as the communication technology [15]. Such an application is 
presented in Figure 2.

Another variation on the communication channel targets the use of an Ethernet based Internet 
solution [16]. Such a system is depicted in Figure 3.

Figure 3. An Internet-Ethernet-based home automation platform.
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3. System design and development

3.1. Home automation solution

The system designed for this low-cost implementation uses readily available off-the-shelf 
components. The control algorithm is housed in an Arduino microcontroller. It is based on 
an open-source electronic prototyping platform and designed for ease of use. Arduino pro-
vides both the hardware components through single-board microcontrollers and also offers 
a software interface through its Integrated Development Environment (IDE). It is a powerful 
and popular embedded control solution. This makes the platform affordable for the average 
home user.

The solution provided here is indicated in Figure 4. A range of home appliances is interfaced 
with Arduino through its input/output terminals (I/O pins). The control and sensing actions 
are controlled from the microcontroller. The Arduino host the control architecture which 
includes the appliance database and the website server. Via the web server, users are able to 
access the web application on an Android device. User authentication provides added level of 
security allowing only authenticated users access to the system.

3.2. System algorithm

The program flowchart shown in Figure 5 depicts the decision-making capability inherent 
in the system solution. The user is prompted after system initialization to authenticate them-
selves. If the user is not previously registered in the system database, they will not be able 
to proceed to the next step. If authentication passes, the user enters the home interface page. 

Figure 4. Implemented home automation system.
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From this page the user is able to make system requests for data access to enable the appli-
ance monitoring function or request appliance control status change. This allows connected 
devices such as user loads to be switched ON or OFF. The status change is indicated here in 
real-time.

3.3. The web interface design

A typical HTML document starts with a declaration defining the document type (see Figure 6), 
followed by the parent element of HTML document, the HTML tag. All HTML tags have an 
opening and a closing tag, tags are contained inside angle brackets <>. All visible contents of 
a web page are contained in the body tag between the opening <body> and closing </body> 
body tags. HTML documents are created using any text editing programs, mostly Notepad, 
Notepad++ and much more, and this document must be saved with a .htm or .html exten-
sions. HTML document can be opened in any web browser, but each web browser responds 
differently to some HTML tags.

Figure 5. Program flowchart.
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The example shown below is the HTML structure, the first line in the HTML document should 
be the document type declaration, <! Doctype html> defines the document type and this aids 
the browser to correctly display the web page.

The HTML <html> tag is the root element of any HTML document, and it is the second line in 
the HTML document after the document type declaration. The HTML tag is closed last at the 
end of an HTML document. The head section in an HTML document is contained between the 
head opening tag <head> and the head closing tag </head>, the content of the head section is 
the style, title, and java scripts if any are used.

The body section in an HTML document is contained between the body opening tag <body> 
and the body closing tag </tag>, the body section contains the visible or information that need 
be displayed in the web page.

3.4. HTML design

An HTML element is made up of an opening tag <tag_name>, content and a closing tag </
tag_name>. If an HTML element does not contain any contain between the starting and end 
tag, it is called an empty element. The content portion of an HTML element can be another 
HTML element; in this case, the elements are said to be nested. All HTML documents are 
made of nested HTML elements, as shown below the HTML is an HTML element with open-
ing tag <html> and closing tag </html>. The content of this element is another HTML element 
head which also has a starting <head> tag and a closing </head> tag. The head tag contains an 

Figure 6. HTML document structure.
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element, the title tag with <title> and </title> starting and closing tags respectively. The title 
element contains content, Home Automation Control Panel. The HTML element also contains 
another element that is the body element that in turn contains an image tag. Thus the figure 
below is good representation HTML elements and nested elements.

The style <style> tag is used to represent the information regarding the HTML document 
style. The specifications pertaining to how the web browser should display the HTML docu-
ment is contained in this tag. In one HTML document, it is possible to have more than one 
style element.

The style <style> element must be contained inside the head <head> section of the HTML 
document. If a “scope” attribute is specified in the style element, then that style setting will 
apply only to the parent and child elements that style [8].

HTML document style could also be defined in a style sheet external to the HTML document; 
in this case, a link tag should be used to reference the style sheet. In the example below, 
divBorder has defined a class with red style color. This means that any content contained 
within an element whose class is divBorder will have a red color.

3.5. Home automation controller elements

Figure 5 below shows a microcontroller based home automation system. The user mobile 
application interacts with the microcontroller via the web server using the Internet protocol. 
The microcontroller receives commands from the user interface and performs the required 
tasks based on a controlling algorithm governing the controller. The controller reads devices 
status and updates this data into the server for the user mobile application. Also, refer to 
Figure 4 in the literature review for a typical Internet-based home automation system.

The server handles the users and ensures secure communication between the user mobile 
application and the controlling unit. Once a user is identified, he will then be granted access 
to the controlling interface (web page).

The advantages of using a microcontroller have reduced the size of circuitry, affordability, and 
increased flexibility. A microcontroller can be used as a substitute for other integrated circuits 
(IC’s). It can also be easily reprogrammed to modify its functionality. The Microcontroller that 
was used for this project is the Arduino MEGA 2560 R3.

3.5.1. The wattmeter

The Wattmeter graphic as shown in Figure 7, was created using the HTML platform and Java 
Script. The meter was designed to measure up to 30 kW of power. The green color represents 
the power consumption as below 10 kW. The yellow color on the gauge represents power 
consumption in the range above 10–20 kW. It is an indication that the user should become 
aware of high power consumption. The red color represents the range above 20 kW of power 
consumption. Here users are acutely aware that extremely high power consumption could 
cause severe outage. Users should immediately switch off all non-essential appliances or high 
power loads.
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• When the “Read Power” button is clicked, a “PowerControl()” function is called. The 
PowerControl function generates a random together with an HTTP “GET” request. The 
request buffer is made up of a “GET” method, “Power” command and a random number.

• When the web server replies to the request, the “PowerControl ()” function reads the HTTP 
response and changes the reading the gauge with the one contained in the response from 
the server.

• The random number is generated and attached to the request buffer every time the function 
is called to avoid caching of commands on the web browser.

3.5.2. Appliance control

A range of home appliances can be controlled via this application. These appliances are inter-
faced to the application controller via relays. This functionality allows users full control over 
appliance ON/OFF status.

Appliance control as shown in Figure 8 below, this section of the user interface enables a 
person to turn ON/OFF appliances, in this case, a light bulb, a stove, a heater and a television. 
The system is designed in such a way that a picture representing the current state of the appli-
ance is updated on the user interface.

Figure 7. The wattmeter user interface.
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• When the Light “ON” button is clicked, the “BulbControlON()” function is called. This 
function generates a random number together with an HTTP “GET” request and sends it 
to the controller which is also the web server. The request buffer is made up of a “GET” 
method, “BulbON” command and a random number.

• When web server replies to the request, the “BulbControlON()” function reads the HTTP 
response and changes the state picture of the bulb with the one contained in the response 
from the server.

• When the Light “OFF” button is clicked, the “BulbControlOFF()” function is called. This 
function generates a random number together with an HTTP “GET” request. The request 
buffer is made up of a “GET” method, “BulbOFF” command and a random number.

• When web server replies to the request, the “BulbControlOFF()” function reads the HTTP 
response and changes the state picture of the bulb with the one contained in the response 
from the server.

• When the Stove “ON” button is clicked, the “StoveControlON()” function is called. This 
function generates a random number together with an HTTP “GET” request. The request 
buffer is made up of a “GET” method, “StoveON” command and a random number.

• When web server replies to the request, the “StoveControlON()” function reads the HTTP 
response and changes the state picture of the stove with the one contained in the response 
from the server.

• When the Stove “OFF” button is clicked, the “StoveControlOFF()” function is called. This 
function generates a random number together with an HTTP “GET” request. The request 
buffer is made up of a “GET” method, “StoveOFF” command and a random number.

• When web server replies to the request, the “StoveControlOFF()” function reads the HTTP 
response and changes the state picture of the stove with the one contained in the response 
from the server.

• When the Heater “ON” button is clicked, the “HeaterControlON()” function is called. This 
function generates a random number together with an HTTP “GET” request. The request 
buffer is made up of a “GET” method, “HeaterON” command and a random number.
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• When web server replies to the request, the “HeaterControlON()” function reads the HTTP 
response and changes the state picture of the heater with the one contained in the response 
from the server.

• When the Heater “OFF” button is clicked, the “HeaterControlOFF()” function is called. This 
function generates a random number together with an HTTP “GET” request. The request 
buffer is made up of a “GET” method, “HeaterOFF” command and a random number.

• When web server replies to the request, the “HeaterControlOFF()” function reads the 
HTTP response and changes the state picture of the heater with the one contained in the 
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• When web server replies to the request, the “TvControlOFF()” function reads the HTTP 
response and changes the state picture of the tv with the one contained in the response 
from the server.

3.5.3. Camera position and light brightness control

This section of the user interface as shown in Figure 9 presents the user with means to adjust 
the position of a camera as well as adjust the brightness of a light. The adjustment is accom-
plished through two position sliders.

The camera position slider ranges from 0 to 100 with 0 representing the leftmost position of 
the camera or 0° position and 100 representing the rightmost position of the camera or 100° 
position. These positions represent the wide range of movement possible for the camera view-
ing postion. A camera placed on a flat wall would have 180° viewing angle. Similarly a camera 

Figure 9. Security camera position and exterior light brightness control panel.

Smart Homes and Sustainable Cities: The Design of a Low-Cost Solution for Comprehensive…
http://dx.doi.org/10.5772/intechopen.78058

163



• When the Light “ON” button is clicked, the “BulbControlON()” function is called. This 
function generates a random number together with an HTTP “GET” request and sends it 
to the controller which is also the web server. The request buffer is made up of a “GET” 
method, “BulbON” command and a random number.

• When web server replies to the request, the “BulbControlON()” function reads the HTTP 
response and changes the state picture of the bulb with the one contained in the response 
from the server.

• When the Light “OFF” button is clicked, the “BulbControlOFF()” function is called. This 
function generates a random number together with an HTTP “GET” request. The request 
buffer is made up of a “GET” method, “BulbOFF” command and a random number.

• When web server replies to the request, the “BulbControlOFF()” function reads the HTTP 
response and changes the state picture of the bulb with the one contained in the response 
from the server.

• When the Stove “ON” button is clicked, the “StoveControlON()” function is called. This 
function generates a random number together with an HTTP “GET” request. The request 
buffer is made up of a “GET” method, “StoveON” command and a random number.

• When web server replies to the request, the “StoveControlON()” function reads the HTTP 
response and changes the state picture of the stove with the one contained in the response 
from the server.

• When the Stove “OFF” button is clicked, the “StoveControlOFF()” function is called. This 
function generates a random number together with an HTTP “GET” request. The request 
buffer is made up of a “GET” method, “StoveOFF” command and a random number.

• When web server replies to the request, the “StoveControlOFF()” function reads the HTTP 
response and changes the state picture of the stove with the one contained in the response 
from the server.

• When the Heater “ON” button is clicked, the “HeaterControlON()” function is called. This 
function generates a random number together with an HTTP “GET” request. The request 
buffer is made up of a “GET” method, “HeaterON” command and a random number.

Figure 8. Home appliance control panel.

Sustainable Cities - Authenticity, Ambition and Dream162

• When web server replies to the request, the “HeaterControlON()” function reads the HTTP 
response and changes the state picture of the heater with the one contained in the response 
from the server.

• When the Heater “OFF” button is clicked, the “HeaterControlOFF()” function is called. This 
function generates a random number together with an HTTP “GET” request. The request 
buffer is made up of a “GET” method, “HeaterOFF” command and a random number.

• When web server replies to the request, the “HeaterControlOFF()” function reads the 
HTTP response and changes the state picture of the heater with the one contained in the 
response from the server.

• When the TV “ON” button is clicked, the “TvControlON()” function is called. This function 
generates a random number together with an HTTP “GET” request. The request buffer is 
made up of a “GET” method, “TvON” command and a random number.

• When web server replies to the request, the “TvControlON()” function reads the HTTP 
response and changes the state picture of the tv with the one contained in the response 
from the server.

• When the TV “OFF” button is clicked, the “TvControlOFF()” function is called. This func-
tion generates a random number together with an HTTP “GET” request. The request buffer 
is made up of a “GET” method, “TvOFF” command and a random number.

• When web server replies to the request, the “TvControlOFF()” function reads the HTTP 
response and changes the state picture of the tv with the one contained in the response 
from the server.

3.5.3. Camera position and light brightness control

This section of the user interface as shown in Figure 9 presents the user with means to adjust 
the position of a camera as well as adjust the brightness of a light. The adjustment is accom-
plished through two position sliders.

The camera position slider ranges from 0 to 100 with 0 representing the leftmost position of 
the camera or 0° position and 100 representing the rightmost position of the camera or 100° 
position. These positions represent the wide range of movement possible for the camera view-
ing postion. A camera placed on a flat wall would have 180° viewing angle. Similarly a camera 

Figure 9. Security camera position and exterior light brightness control panel.

Smart Homes and Sustainable Cities: The Design of a Low-Cost Solution for Comprehensive…
http://dx.doi.org/10.5772/intechopen.78058

163



placed in a corner position would either have a 90 or 270° viewing angle. See Figure 10 for 
illustration of camera position and possible viewing angles.

The light brightness position slider ranges from 0 to 100% with 0% representing the light OFF 
and 100% representing the light ON or bright.

When the camera position or light brightness slider thumb is moved, the “PositionBright-
nessControl (DeviceName, Value)” function is called. This function generates a random num-
ber together with an HTTP “GET” request. The request buffer is made up of a “GET” method, 
“DeviceName” command, “Value” parameter containing the desired position or brightness 
depending on the DeviceName and finally a random number.

This section of the user interface does not receive any response from the web server, it updates 
the current slider’s value as it changes on the inner HTML document.

3.5.4. Intrusion detection

The intrusion detection section of the user interface as shown in Figure 11 consists of a 
“CheckEntrance” button, the entrance names and the entrance status fields.

When the “CheckEntrance” button is clicked, the “IntrusionDection()” function is called. This 
function generates a random number together with an HTTP “GET” request. The request 
buffer is made up of a “GET” method, “Intrusion” command and a random number.

When web server replies to the request, the “IntrusionDection()” function reads the HTTP 
response and changes every entrance status field with the current state of the entrance con-
tained in the response from the server.

Finally, the complete user interface is a web page that can be accessed via a web browser or 
using the android web-enabled mobile application created using App Inventor. The android 
app will be discussed in the next section.

Figure 11. Security camera position and exterior light brightness control panel.

Figure 10. Camera position and possible viewing angles.
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3.5.5. Android application design

To design the Android the web interface, the open-source Android application, APP Inventor, 
is used to create a simple android application that browses to a web user interface.

This App presents the user with an input field where the user can enter the IP address or 
domain of the web interface server of the home automation system controller. There is also a 
clickable button labeled “Click Here.” Once this button is clicked, the app requests the web 
interface from the server.

The app was designed using the layout components, that is the vertical components who’s 
width was set to fit the parent (fit the screen).

Text elements from the user interface were used as text input field to enter the desired web 
server IP address. The name describing the designer and the app itself were designed using 
the label component also from the user interface section.

The user clickable button component also found in the user interface section was used, its 
background color, size, and text were changed in the component editing section.

The web component responsible for loading the web page is found under activity starter sec-
tion and it is an invisible component, meaning it is not seen in the designer phase of the app.

Once satisfied with the design and user interface of the app as shown in Figure 12, it is now 
time to move to the block section where blocks representing component’s functionalities are 
grouped to create the desired function.

The user must enter the IP address assigned to the system to be controlled or its domain 
name, then the user must press the “CLICK HERE” button. As shown in Figure 7 below, in 
this case, once the “CLICK HERE” button is clicked, an activity starter blocks are called.

First the “set ActivityStarter1.DataUri to” block is called and to it is attached the “TextBox1.
Text.”

Secondly the “set ActivityStarter1.Action to” block is called and to it is attached the “Text.”

Finally the “call ActivityStarter1.StartActivity” block is called and the App will load the web 
page specified in the text field if it exists and the phone has Internet connectivity, else the app 
will return an error.

Figure 12. Designer blocks for Android app.
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3.5.6. Graphic user interface

The Android mobile user interface landing page for user authentication is shown in Figure 13. 
User authentication is applied to all users of the web app. The web server checks the cre-
dentials entered by the user and compares them with the information on its database, if the 
username and the associated password correspond to the ones in the database then access 
is granted to the user, else the user is requested to try again. When a user clicks a certain 
button, or requests that the status of a certain device is change, a corresponding function is 
called which generates a specific request buffer to send to the server. The server interprets 
the request buffer and controls the devices accordingly while updating the web client on the 
current state on the devices.

After successful user authentication, the user is directed to the home automation control inter-
face. The fully completed and integrated user web interface monitoring and control panel is 
depicted in Figure 14. This interface houses all the various elements that encompass the total 
controller capability.

Figure 13. Android application interface panel.
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4. Conclusion

Home automation represents a big shift in user data access and system control. As an assis-
tive technology for smart cities, it allows users the autonomy and flexibility to interact with 
their immediate environment. The solution presented, required the use of the ubiquitous and 

Figure 14. Complete user interface and control application.
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low cost Arduino microcontroller. This unit is a powerful and versatile embedded platform 
with which to structure an intervention as described here. The implementation provided here 
showcases a low-cost solution for home automation. It is an effective tool for all home inhabit-
ants to exercise control and influence over their monthly electric bills. With the application of 
this affordable and functional user interface, a home can easily be transformed into a smart 
home. It is also a solution to transform any liveable space into a smart space by offering access 
to measured data and allowing users regulation of the electrical loads. This comprehensive 
home automation solution further provides lighting dimming control and access to perimeter 
security through features such as security camera control and intruder detection alerts.
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