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Abstract
To solve the limited space due to rapid urban development as well as to provide a better living
environment, Hillcity has been considered as one possible solution, where space is maximize used by
building houses, offices etc. outside the hill, while parking lots and shopping centers etc. where
sunshine is not necessarily need are built inside the hill. Hillcity aims to provide a better living in an
economic and ecological way through better design and taking advantage of new technology.
However, when considering implementation, many problems are brought on the table and in this
project; we are trying to figure out the possible problems and the solutions to them when building
inside the hill, and the criteria when choosing a site for Hillcity. We evaluate Hillcity from the idea of
designing, sustainability to quality of life, most importantly, advantages and disadvantages for
building inside the hill. With many benefits from building inside the hill, how to provide a healthy
environment inside the hill is one limitation for better living. After comparing existing technology,
bipolar ionization is chose as the solution due to its high efficiency to various target contaminants as
well as its low energy consumption and cost. When choosing a possible site, several criteria have
been evaluated on the basis of information and data collected on Lausanne-Geneva area and the
actual need for Hillcity. As a result, soil properties, potential for green energy and natural resources
are considered important criteria, while criteria such as wind energy, possibility for expansion are the
last to be considered.
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1. Introduction
1.1

Urbanization

Two thousand years ago in ancient Greece, Aristotle once said: “The city exists not only for the sake
of living but rather primarily for the sake of living well.” Even if it is not intentionally, this picture of
the city has been suppressed over the years and the reason is simple. The growth rate for the world’s
population has actually declined since 1960’s, but the population will still keep growing with future
generations (Wolrdometers, 2014). This is the result from urbanization and it will, and is currently,
putting pressure on modern cities to expand in order to accommodate a growing population.
Urbanization in its purest shell is a process where people are being separated from the nature, an
invisible wall between urban areas and the surrounding nature. It is partly because of ignorance and
a distorted picture of reality that has lead today’s societies to betray the natural ecological laws:
overuse of non-renewable energy resources, excessive production of non-degradable waste and
exceeding the environments capacity of self-purification. On one hand, people are gathering
together in cities consuming natural resources more than ever, but on the other hand, nature's
renewable system is being jeopardized and destroyed more than ever. The existing city systems
today, due to its exhaustion and acyclic 1 mode, are unsustainable. (Tang, 2011) Nowadays,
urbanization is meeting more acute problems that have to be faced and solved before it is too late.
Over half of the world’s population is living in cities and this number is still rising, supposed to reach
70% by 2050. (Broere, 2012) Consequently, cities have more requirements to satisfy for the
increasing population: more space for living, higher demand of natural resources, more
infrastructures and facilities to support daily life, more waste and pollution. These are challenges on
their own, but besides satisfying these needs it also has to be accomplished through a sustainable
development in order to support future generations.
This will worsen the situation of existing urban problems, such as the shortage of resources, traffic
congestion as well as the lack in supply of housing, water and electricity, environmental pollutions
(thermal, light, visual and noise pollution), and beyond that, new problems are indentified
continuously. As a result, people living in cities often feel tension and anxiety in regarding to the risk
of exposure to radiation, polluted air and water as well as the threat of various diseases.
To be able to offer a life of high quality it is not only more space that is needed, it is a new approach
for urban development. The modern city must be able to hold a larger population and to still offer a
healthy environment; it must be a sustainable city. Below the most important identified problems
resulting from urbanization are listed:


Lack of space; housing, industry, agriculture and social services are all competing of the same
limited space, making them even more crowded. There is not enough space in cities to continue
the urban development and simultaneously conserve green areas, with more people finding their
ways into the cities and suburban areas for work the lack of space is an acute problem.

1

Acyclic mode refers to the fact that today’s societies are not a closed system, used resources are becoming
waste and is not, in a high enough degree, transferred back to the system
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Lack of resources; the increasing need for water, food and energy, preferable from green and local
sources to create sustainability, will limit the development of cities as well as lowering
environmental quality. It is important to remember than humans might not be physically
depended on nature itself, beside potentially for the mental health, but humans are and will
always be depending on the services provided from the natural ecosystems (Land Stewardship
Centre, 2014)



Traffic congestion and travel time; as the cities are expanding, traffic and public transport
becomes a challenge. As streets and roads are heavily used, especially during certain hours, the
travel time increases and there is also a link to the increasing pollution.



Pollution; as the public transport network grows with the need for traveling, the amount of
exhaust emissions increases and affects the air quality as well as the quality of other resources.
With a growing population the industries, factories, waste water, solid waste and other sources
for pollution are expanding, in many cases faster than the appropriately treatment facilities and
technologies are developed. This gives a very high risk for the health of the inhabitants.



Social life; A city where travel takes up more and more time, the environmental quality is
decreasing and the health is often affected, it all leads to a hectic society where social life has a
lower priority these days. In contrast to the time when people lived in the countryside, nowadays
there is a lack in communication between the citizens. (Broere, 2012)

All these drawbacks ruin the beautiful fantasy people used to have for cities. This has caused a
reflection on the traditional way of urbanization, which, as we can see now, is not leading us to the
Utopia or other ideal cities.

1.2

The concept of Hillcity

The idea of Hillcity was born as the result from ever expanding urban areas and the fact that modern
cities are reaching their limits. Hillcity explores the concept of building cities integrated with an
artificial hill where the purpose is to, through innovative design of the structure and high technology,
be a solution for urbanization. To offer a way of expanding cities, helping the development forwards
and at the same time creating an environment which lets people connect to nature again as well as
increase the quality of life in urban areas.

Figure 1. Simple drawing showing the keystone of Hillcity, the space offered by a flat surface versus space offereed
(inernal and external) from an half ellips
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The philosophy behind the concept bases on the idea of ‘living and working under the same roof’
where the key focus is put on more space, ecological living and a closer community. Through
constructing an artificial hill, not only will the surface area of the hill compared to a flat square be
larger (depending on the height of the hill), by incorporating a third dimension and the inside of the
hill the potential to save space becomes even more significant.
A society where constructions and facilities that can be isolated from the outside without
compromising on neither the health standards nor the functionality, could be located inside the hill
and actually minimize negative impacts associated to such infrastructure. Certain industries, recycling
and waste treatment facilities, parking space, train connection and other public transport systems
placed in the artificial underground space could minimize noise pollution and exhaust emission.
There are also infrastructures related to certain human activates that could, and are commonly
today, built either underground or in such way that a complete isolation from the outside is created.
Shopping malls, cinemas and similar infrastructures are the types that without compromising on
health or functionality can be placed underground. On the other hand there are the types of
infrastructures that are vital to be in connection with the outside, especially from a health
perspective. Housing, schools and, often, working places such as offices benefit from a connection to
the natural surrounding and will therefore be placed on the external of the hill. The possibility to
partly integrate even this type of infrastructure with the internal side can and is meant to be
explored as there are benefits to this.
To avoid typical problems and negative aspects that are related to the health in the context of
underground space, direct sunlight will through large mirrors and other innovative design ideas be
incorporated. Vegetation and high technology will help creating a good and friendly environment
even in the artificial underground spaces.

2. Method
What is wished to be achieved with this project is to, in a sense, answer the question: why should
human societies adopt the concept of Hillcity? In more detail, it is what Hillcity can offer, what the
benefits of the concepts are and how this could be adapt by human societies. Which are the
challenges with implementation and which the potential solutions are in order to make the vision of
Hillcity reality.

2.1

Objective

The overall objective for the project is to create a base for further research in order to make the
implementation of Hillcity possible, where some parts will only be briefly discussed and some parts in
a more technical manor. As a final result for our project, we wish to accomplish a theoretical
research paper that can allow for Hillcity to take one step closer towards finding suitable methods for
implementation.
It is also a hope that the final results can be away to open up discussion and creating an interest for
the concept of Hillcity as it does offer a rather individual and unique approach for urban planning.

5

Design project: Hillcity – future city

2.2

2014

Our focus

The focus of the report has been divided into four main parts that all emphasizes different sides and
aspects of the concept of Hillcity.
“Comparison” is a more general part where the concept of Hillcity will be put in perspective to
historical as well as modern suggestions for urban planning and solutions for urbanization. The
purpose is to bring out some strengths and unique features of the whole philosophy behind Hillcity.
“All aspects” is a part that will focus on creating an overall view of problems and benefits in relation
to the specific concept of Hillcity. The purpose is to identify challenges related to the implementation
stage from a critical view. On the other hand benefits and opportunity that comes with this concept
will also be included. This part will consider the social, ecological and economical aspects even if the
depth and technical details will be, mostly, left aside.
“Air and climate” is the part that will be on a more technical and detailed level as technologies for
creating humane air and climate quality inside the hill. In particularly, ionization is the technology
that will be investigated and critically reviewed in order to decide if it is an appropriate method for
Hillcity. A final recommendation if this method should be considered or not will be given based on a
health and ecological perspective.
“Potential location” is the last part where the focus will on the process of finding a potential location,
to identify a set of criteria from different perspectives that can allow for a faster and easier process.
The criteria will involve the type that are important for the optimizing and implementation of the
Hillcity as well as the type that includes local challenges and needs.

2.3

Our approach

The main part of the project has been to collect information and relevant data in order to understand
how a Hillcity differ from today’s societies and from other types of ecological cities (‘Comparison’),
which are the main features, strength and possible weakness of a Hillcity (‘All aspects’), how a good
quality of air and climate can be obtained inside the hill (‘Air and climate’) as well as which criteria
are important for an implementation (‘Potential location’).
Information has first and mainly been obtained through relevant studies, research report and
databases in the fields of urban planning, urbanization, sustainable development, life and
environmental quality in urban areas, underground space usage, ionization and some other relevant
fields.
In the context of ‘Air and climate’ and in specific the technology if Ionization, we have been in
contact with an expert, Christophe Berthoud, in this field and obtained detailed information and a
case study regarding this technology. For detailed information regarding the philosophy and concept
of Hillcity we have been in contact with the person from who the idea originated, Erich Chiavi, as well
as Tuula Tegelberg.

As now earlier research studies have been made in this exact field, a big part of the work has been to
make our own conclusion from obtain information and data, and to put in relation to our project and
Hillcity.
6
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For support regarding our project and report, Prof. Christian Ludwig from EPFL ENAC has been our
contact person.

3. Hillcity, modern & historical solutions
3.1

Historical development of ecological cities

In recent years, to solve the existing urban problems and to create a better living environment,
researchers have proposed a series of ideals and theories about future cities. The idea of ecological
cities were first brought up in the “Man and the Biosphere” Program of UNESCO in 1971, but the
origin of ecological cities can be dated back to Utopia. This was then too far ahead of the prevailing
development level at that time and made it not practical, nor did it offer a complete concept of the
ecological city. However to some extent, it set the foundation for the development of the idea.
Subsequently, the Roman architect Marcus Vitruvius Pollion summarized the construction experience
from ancient Greek and Roman cities in his book “De Architectura” and proposed that the
environmental factors should be considered before choosing and designing the location, shape and
layout of a city. This was adapted later on during the construction of ancient Egypt in the Nile Basin
and medieval Venice in Italy. These theories on ecological cities shows that people have been
pursuing the ideal city all the time and ecological city has always been a possible solution. (Zhu, et al.,
2009)
Modern development of ecological city originated in Howard’s Garden City. The book “Garden Cities
of Tomorrow”, written by British scientist Ebenezer Howard, described the way of reverse thinking.
Rather than pursuing the city’s ideal, people should start designing an ideal city. This means, instead
of solving urban problems after they occur they should be avoided before. This would offer more
advantages and flaws related to the design of the city could be avoided. (Tang, 2011) Garden Cities
were designed to avoid the downfalls of industrial cities of the time such as urban poverty,
overcrowding, carbon gases, infectious disease and lack of interaction with nature. Garden city
described a vision of towns free of slums and enjoying the benefits of both town (e.g. opportunities
and amusements) and country (e.g. beauty, fresh air and low rents). It proposed the creation of new
suburban towns of limited size, planned in advance, and surrounded by a permanent belt of
agricultural land. (Clark, 2003) Howard is believed by many to be one of the great guides to the town
planning movement, with many of his garden city principles being used in modern town planning.
In 1929, American architect Clarence Perry proposed the “Neighborhood Unit” theory, an early
diagrammatic planning model for residential development in metropolitan areas. (Banerjee, et al.,
1984) Neighborhood unit aims to set the living area away from the noise of trains, out sight of the
smoke and ugliness of industrial plants. The core principles of Perry's Neighborhood Unit were
organized around several physical design ideals: schools are located near the neighborhood within
half a mile so that children can walk to school without crossing a major street, major arterial streets
and local shopping areas are placed along the perimeter thus less traffic will go through the
neighborhood area, at least 10% of the neighborhood land area is dedicated to parks and open space
for playing and community interaction. (Perry, 1998) Neighborhood unit brings people together back
to the social environment by enhancing the feeling of identification, fostering social cohesion and
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avoiding social pathology as well as taking the form of alienation and civic indifference. Peopleoriented is the first value appeal of the ecological city.

3.2

Modern development of ecological cities

A modern example of an ecological city is the capital and largest city of the Brazilian state of Paraná,
Curitiba. The city was awarded the Global Sustainable City Award in 2010, given to cities and
municipalities that excel in sustainable urban development.
The most impressive achievement of Curitiba is the planned transportation system, which includes
lanes on major streets devoted to a bus rapid transit system. It not only promotes the combination
of land use, the overall planning centers the roads where city bus lines are and partitions all the land
use with volume rate. The further the block is from the local bus lines, the lower the volume rate it
has. Curitiba only encourages the high density development within two blocks from the city bus lines,
which brings centralized development around areas with convenient access to public transport. (Qi,
2010) In addition to convenience, the low price due to governmental support also promotes the use
of buses than cars. As a result, Curitiba, with a population of 1.7 million, only has 500 thousand cars
in the city. Two thirds of the citizens take the bus every day. The fuel consumption is 25% of other
cities of the same size, and fuel consumption per car is 30% less. (Huang, et al., 2001)
The success of Curitiba proves that through city planning, urban function areas can achieve
centralized development, which brings many benefits including reducing traffic flow, avoiding traffic
congestion, lowering relevant fuel consumption and exhaust emissions. In that, we have reasons to
believe that in a well-designed ecological city, where factors such as space, transport, energy and
waste are considered before implementation, a more livable, friendly and sustainable environment
will be created.

3.3

In relation to Hillcity

As mentioned in before (section 3.1) Howard with his Green garden has been considered one of the
great guides to urban planning. It is rather easy to understand why as his basic thinking is to avoid
problems from ever occurring, ‘reverse thinking’. Instead of trying to solve problems that exist, it
should simply be easier to completely avoid them. This thinking suits well into the concept of Hillcity
as the idea is to take one, or a couple, of steps back when planning. To not stay in a project by
project state of mind, but instead to plan a whole city that incorporates benefits within in itself on all
scales. This leaves an endless potential to change and avoid existing problems as well as the
problems that are likely to occur with time. Howard also talks about combining the opportunities and
amusements of the city with the fresh air and beauty of the country. This is another point that Hillcity
perfectly incorporates: the whole idea of living and working under the same roof is to bring all the
elements important for a healthy life together in one place.
Neighborhood Unit by Clarence Perry in some sense, depending on which problem you look at, is also
using the ‘reverse thinking’ of trying to prevent a problem from occurring. To create closeness
between work, school, activities and home within a safe environment where little pollution and
traffic is a priority. In a personal opinion, this approach might solve a problem but at the same time
create another one, moving traffic away from the city will increase travel time and it will likely
encourage class differences in the city.

8
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The transport system that is implemented in Curitiba is quite the opposite of Neighborhood Unit, not
only is this approach solving an existing problem but also it promotes the transport systems to be
central. Both of these ideas are trying to solve/avoid important problems for a safe city with high life
quality (short travel time), but their weak links are that they can only solve one of these problems at
the time. However, when Neighborhood Unit were invented in 1929, short travel time was most
likely not a criterion for high life quality, but this is the result form urbanization and today it is.
Hillcity manages through its innovative concept of an artificial hill to combine the benefits of
Neighborhood Unit and the idea implemented in Cruitiba. The green areas can be conserved, the
noise level low and the air quality high as well as a close and safe connection between work, school,
activities and home. At the same time by using the isolated underground space offered by the hill,
the transport system can be exist in close connection to the city lowering the travel time.

4. All aspects – perspective
4.1

Design and architecture of the hill

By incorporating innovative design and architecture with new technologies it is possible to reach new
levels of sustainability and ecological cities while simultaneously increasing life quality. There are
several scales where the innovative design and architecture can offer valuable benefits.
The shape of the hill and functional areas
There are a wide range of possibilities to take advantages of the natural energy and resources
offered by the climate and surrounding environment, which can be made available through the right
shape and form of the artificial hill. By considering aerodynamic features and streamline of the wind
against the hill it is possible to generate significant amount of energy. High and far more important,
new technology can allow for an integration of wind into the city as an energy source. At the same
time, with the right form, it is possible to avoid or reduce the strength of strong winds where this is
not wanted. By using the same kind of thinking it is possible to also maximize the potential of
integrated solar energy. By considering the orientation of the hill it is possible to obtain knowledge
on where solar panels should be place in order to receive direct sunlight for most of the day. From a
health perspective, it can also be beneficial to place housing on the side of the hills where the most
sunlight will be, while working places can be located on the sides with less direct sunlight.
The idea incorporating the functionality of the areas with the design and architecture, e.g. locating
housing areas close to each other and the same for working places/offices, can optimize the use on a
social and ecological level. It allows for a closer and more social community both on a private level
but also in the working environment. Where offices are located close together the communication
between offices can be faster.
It is endless the possibilities that can be created through the right design and architecture. In fact,
the basic idea of creating an artificial hill is based on these two parameters. Therefore, everything is
going to be related to them; the possibility to use renewable energy, the amount of space to be
saved, incorporation of waste energy from the internal area of the hill, green areas and simply the
quality of life.
The location of the infrastructures
9
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By building the external of the hill as steps where houses and other infrastructures can be built on
each step, partly inside and partly outside the hill, will result in more space for construction of
houses and each property can have its own garden, also the view of the scenery will not be disrupted
by neighboring houses (see Figure 2). It also allows for a optimizing of maintenance costs and
reparations. If the design on an infrastructure level and the shape of the hill is from the beginning
combined to create protection against extreme weather it will naturally lower the maintenances. The

Figure 2. 'Vision Hill': Model of a Hillcity where the step structure is shown (source: Erich Chiavi)

fact that most infrastructures can and will be built partly inside the hill also creates a protection
against extreme conditions as well as offers an environment where the temperature is more stable.
As inside the hill the temperature will naturally be more stable and higher it is possible to, as a side
effect, heat the infrastructures2. Another benefit of constructing a full society at once is that it is
possible to take benefit of waste energy and heat which are created in other parts of the society and
from the human activity. In the lowest levels of the hill where public transport systems and parking
spaces are planned, warm air streams could possibly be collected and help heat houses, etc.
The infrastructures interior
To further raise life quality and create more ecological as well as sustainable living the interior design
is just as important. It is after all from the everyday life of humans that most of the big problems are
created today: energy and water consumption and the waste stream. Through applying the newest
and most innovative technologies there are plenty of possibilities to lower the impacts from the
living of humans. As this topic on how interior design can make the use of resources more efficient
could be whole research all on its own, it will not be further mentioned in this report.
Through combining the design and architecture on all levels with a focus on the larger and total
perspective, endless variations of new ways to benefit the whole society can be found and the results
could be astonishing.

2

Heating infrastructures simply by having a part of it exposed to the inner climate that is more stable and often
with higher temperatures, will not be highly efficient but never the less it can decrease the maintenance costs.
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Artificial underground space

The use of underground spaces traces far back into the history of the human development. The
protection against extreme weather and attacks from wild animals as well as other groups are the
first reasons that made the underground attractive. Even if the first underground spaces where not
man-made but a result from natural processes, erosion from rain and rivers created the first craves
and grottos, it is in this type of space the first trace of human activity have been found. (Sterling, o.a.,
2000) As societies started to develop, the curiosity and the reasons to explore the underground
spaces came naturally and have developed together with the humans through centuries. (ITA-AITES,
2014)
Today the societies are facing the problem of urbanization and the demand for a new approach to
urban planning has never been more vital and once again the subsurface is seen as a part of the
solution. (Huanqing, 2013). Today the opinions are many and some would argue that the
underground is becoming our most valuable asset, as long as we approach it correctly. While others
would argue that we cannot afford to go underground without full knowledge about possible sideeffects since changes are permanent. This is the problematic part: how to incorporate urban
planning, maximal uses of the underground resources and at the same time protect these resources.
For solving the problems related to space limitations it is not actually the underground itself that is
the interesting part, it is the possibility to explore more space, which it offers. As new high
technologies are invited close to everyday, why satisfy with a solution for urbanization which clearly
will reach a limit one day in the future and if not handled correctly, likely to have devastating
impacts.
This is one of the main advantages with the concept of Hillcity, this solution has taken a step further
compared to other ones. Instead of exploitation the underground in order to access more space,
Hillcity purposes to create more space by building an artificial hill which not only offers more surface
space but also creates an artificial underground space meant for construction. Hillcity can offer a new
approach that fully protects the valuable underground resources and at the same time makes the
third dimension available for urban planning.
4.2.1 Protection of resources
The underground holds several non-renewable resources, some of them that are today the most
valuable resources for the human’s development, and it is likely to stay that way. Besides space the
natural resources found in the underground are geothermal energy, geomaterials and groundwater.
All of these four resources, in particularly groundwater, is the key for a working society and a healthy
development. It is needless to say that these are resources that should in first intention be protected
against exploitation and in the case of attempting to explore the underground all these resource
should be used to their full potential. If this is not possible it is clearly a waste of non-renewable and
valuable resources which cannot be afforded.
A Hillcity can offer the similar benefits as traditional underground construction without exploitation
the resources and even more interesting, Hillcity can offer a similar resource as underground space
where changes are reversible. Clearly, it is not possible to demolished a construction in the
subsurface in the same way as it is aboveground, even reconstruction in order to change the features
are highly limited in the subsurface. While constructing an artificial hill aboveground it is fully
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possible to change features, extend or even fully demolish construction without a loss in the natural
existing resources.
Today, satisfactory technology and knowledge of the interaction between groundwater chemistry
and underground construction do not exist. This is, yet another, problem where Hillcity can offer a
more sustainable solution. The fact that it bases on an artificial where changes are to much higher
degree reversible and exploitation without the right knowledge can be avoided while, still, creating
more space, that makes Hillcity a more appropriate solution for the present which we live in.
4.2.2 Economical benefits
The first limitations that highly complex and large constructions often meet is the cost aspect, there
is no exception when considering to build an artificial hill of a size that is possible to household a
whole society of varying sizes. For traditional underground construction studies has shown that it can
be up to five times more expensive than aboveground construction (Overney, 2013). The source to
the higher cost has been identified as the excavation and ground support (Huanqing, 2013) which is a
cost that is not fully necessary for an artificial hill aboveground. There are therefore reasons to
believe that this type of construction might be more cost efficient than underground construction,
especially considering the increasing land prices. Countries with more dense living have more rapid
increase in land prices and the aboveground construction cost can be expected to continue
increasing. Related to this there is another reason to explore the potential of an artificial hill, using a
certain surface area for constructing and artificial hill which will offer more space than what it uses
itself, leads to obvious benefits to consider.
Imitating underground construction can also lower the maintenance cost for infrastructures located
inside the hill. A more stable temperature and naturally protection against external factors are found
here, which can results in a decrease in the maintenance costs (Bobylev, 2009).
4.2.3 Risk exposure and social acceptance
At first sight infrastructures underground and infrastructures inside an artificial hill might seem to
have the same negative image and low social acceptance, this is not necessary true. For traditional
underground construction it is the physical constraint that imposes new risks that do not exist in
traditional constructions. However, since the hill is completely manmade it gives the opportunity to
avoid these risks and health aspects. An example regarding the evacuation in case of an emergency
will be used emphasize how a Hillcity can adapt after potential risks in a way that traditional
underground space cannot.
When the total construction mass is underground it constrains the possibility to use visual cues in
order for people to orientate themselves and locate possible exists. The lack of outside signals also
leads to a confined perception of the situation and potential threats are more difficult to detect.
Another critical factor is that when evacuation from underground, one has to travel upwards. This
has shown to be contrary to normal instincts, the physical effort and therefore the time require
increases compared to traveling downwards but more important, smoke naturally rises. Instead of
moving away from the threat people are forced to move towards it. (Carmody, o.a., 1994) All of
these limitations can be avoided with the appropriate design and architecture. First of all, the
construction mass is, in a sense, above ground, which allows for an easier orientation and also easier
for rescue teams to locate the source of danger. Outside queues are also indented to be
incorporated to the space within the hill, through large windows and mirror an interaction with the
12
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outside is possible, even if limited. With a design allowing for an interaction between the inside of
the hill and the outside it is not necessary for the evacuation to solely occur upwards, sideways as
well as downwards is possible since inside the hill one will always be located above the original
ground level. In total, such artificial hill has a greater opportunity to be considered safe than what an
ordinary underground parking space has today.
The social acceptance for underground living and working is not only related to the physical
limitations but also strongly related to the health aspects. From a survey that was answered by
workers located underground, 67% answered that they are often concerned about the isolation from
the outside. (Curtis, 2012) Where the first limitations are the lack in direct sunlight and poor
ventilation, but once again, this is a limitation that will not fully exist for a Hillcity as it can easily be
avoided with the right design and technology.
Underground resiliency
Underground space in many cases, especially regarding natural disasters offer a safe environment
that can protect against major forces which on the surface would be a lot more devastating. It is
mainly the isolating nature of underground space that provides an excellent resiliency against
physical forces like earthquakes, hurricanes, tornados as well as radiation and other terroristic
threats. Resiliency refers to the capacity to withstand forces but also the ability to in a efficient way
return or restore the city’s functional capacity after a catastrophic event. Underground spaces have
in many occasions shown to hold both of these capacities; the case with earthquakes has often
shown to paralyze the surface transport systems while the underground transport systems often
need, only, a minor check. However, for traditionally underground space a certain type of
catastrophes implies a higher risk, like internal fire or explosions and some cases of flooding.
(Sterling, 2012) For these cases, the artificial underground space that a Hillcity offers is much more
resilient. Similar reason as mentioned above regarding the evacuation in case of an emergency
implies here, because all levels inside the hill are still above ground level, there is no direct
differences of a internal fire inside the hill and a large shopping center today.

4.3

Sustainability

A sustainable city should allow for a healthy development of the society where the environmental
impacts shall be minimized and the life quality should be high for every inhabitant. It should consider
the future problems and challenges in order to be able to offer a safe environment. Most people
have similar ides of what a sustainable city should be like, but there still exist many different
interpretations. To set a common ground for the concepts of sustainable cities a few of the key
points according to The World Urban Campaign ‘Better City, Better Life’ by UN Habitat will be
introduced here and put in perspective to a Hillcity (World Urban Campaign, 2014).
A Resilient City
In a world where the number of natural disasters is increasing and a significant part of the world’s
population is living in natural hazard zones (UNFPA, 2007) a society’s possibility to develop and
sustain relies on its resilience. A society must be able to manage climate change and other future
challenges. (World Urban Campaign, 2014) A Hillcity holds great potential to be resilient, to manage
and adapt after challenges. Not only does it offer protection against natural disasters and extreme
weather (see section 4.2.3) but it also offers an opportunity to combine the newest technologies
13
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with innovative design and architecture, making it possible to adapt after current and future
challenges.
A safe and healthy city
Urban crime has become a highly prioritized cause when it comes to sustainable development. As
cities becomes larger and the living denser, the crime control in a city is vital. From a survey about
the citizen’s satisfaction with their city that was conducted in 79 European cities, 34% answered that
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Figure 3. The increase in percentage compared with the number of reported crime in 2002, beside for domestic
burglary which is the increase in comparison with 2009 (UNODC, 2014)

among the top three problems are safety (TNS Political & Social, 2013). This problem is relevant also
for Switzerland, for several years the crime has in general been constant but just over the last few
years the level of some certain type of crimes has reached new peaks (robbery and domestic
burglary), while others are starting to increase (Figure 3).
In a closer society where the stress levels of inhabitants can be decreased by less travel and the
quality of life as well as the satisfaction can be increased through a green and well structured city,
the feeling of safety will be higher and crime control easier to manage. A Hillcity can offer this, but
also, once again, the design comes to play an important role. It has been showed that crime
prevention through environmental design3 (CPTED) has a great potential to succeed and is to larger
extent being implemented.
A green city
A city that do not considered renewable energy, recycling, low emission and environmental friendly
living, could perhaps in a sense be sustainable right at this moments, but as soon as we move the
slightest into the future a city with negative impacts for the environments will never be sustainable.
Sustainable development includes this generation and future generations, therefore cities must
strive to reduced their impacts on local environments as well as global climate change. The ideal
Hillcity would be independent with its own local food production, waste treatment facilities and it
would be a closed system. Energy would come from natural renewable sources as well as from the
3

The purpose of CPTED is to influence the offender decisions through environmental design in built areas
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energy created by the human activity around the city, on a smaller scale, energy efficient
technologies would be implemented.
A planned city
In order to be able to achieve all these points in one single city, the urban planning is the far most
powerful tool that can be applied today. If there is a part of the city that is not well incorporate with
the rest and that is not adapt after these key concept, reaching sustainability will be impossible. A
requirement is close connection and an urban planning that considers the city as a whole and not
individual parts. In the concept of Hillcity ‘A planned city’ is one of the main points, emphasizes has
been put on planning a city through the larger perspective. To be able to combine sources and
possible benefits through the different scales, e.g. waste energy from public transport can be used to
heat individual buildings and the movements from individual people can help produce energy for the
whole society.

4.4

Quality of life

There are a number of different types of factors that influence the quality of life; physical,
intellectual, social, emotional and other types of factors. The differences between countries and
cultures are wide but in relation to urbanization some factors are more important than others,
among them the emotional factors of stress and worries, physical factor of safety, intellectual factor
of stimulation and the social factors of contact and communication. In a society where living and
working within the same area is possible, the travel time can be reduced and more time can be spent
with hobbies, families and other personal interests. The connection to nature such as green gardens,
direct sunlight and fresh air without pollutions not only contributes to a healthier life with natural
stimulation, it also increases the life quality. Hillcity is a place where inhabitants can have a close
connection and communication between each other which promotes the sense of security but it also
contributes to a lower crime rate.

4.5

Hillcity & ‘normal’ cities

The land scarcity being the largest threat for fast growing cities and developing societies makes the
physical space offered versus the land surface used for constructing a Hillcity the most significant
difference between an ordinary society and this concept. In an extreme way there are two ways to
avoid the problems related to urbanization; force cities to stop grow, if that means prohibit the
world’s population to grow or simply forbid expansions, the other way would be to let cities to
continue growing by creating new available space. It is rather obvious which one is the humane one,
the only problem that, so far, no real way to create space for cities has been widely acknowledged.
A Hillcity can also offer a higher life quality than what cities can today4 through a new ideal where
urban planning in respect to the larger picture is the key. Allowing for a close interaction between
the different scales in a city; green transport network and energy supply for the whole society, fast
connection between different functional areas (offices, houses, different types of centers and
systems located inside the hill) and also the individual scale concerning specific houses and
inhabitants. This will make it possible for a denser society where the space will not be a limited factor
and dense do no longer has to imply a loss in integrity, personal space and green areas. It also makes
4

General speaking, there is a sustainable thinking reaching many cities around the world where focus has been
to create better living and some cities have succeeded more than others
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the distance to travel between work and home shorter. Using the underground space also allows for
protection of green areas above surface. Further on the resiliency and protection against extreme
weather and catastrophic events not only can lower the maintenance required but also creates a safe
and prepared city.

5. Indoor air quality
The philosophy around Hillcity is that the quality of life is in direct relation with people’s connection
to the ground and nature. To allow for the inhabitants of Hillcity to get this connection and to live in
healthier conditions, the quality of air and climate is the number one priority.

5.1

Indoor air quality

Nowadays people spend 90% (Bentayeb, 2013) of their time indoors; inside their apartments, offices,
shopping centers etc., therefore how the inside environment is, especially indoor air quality (IAQ),
has a significant impact on human health. In the project of Hillcity, to maximize the use of space,
many buildings like parking spaces, shopping centers and similar constructions will be built inside the
hill where no direct contact the outside and fresh air are accessible. In that case, keeping a healthy
inside environment is the prior condition for healthy and better living.
Well-defined building-related illnesses caused by specific exposures in indoor environment includes
rhinitis, asthma and hypersensitivity pneumonitis, which may be caused by exposure to moulds,
spores or allergenic chemicals as well as infectious complications, such as sinusitis. (Redlich, 1997)
Besides, Sick Building Syndrome (SBS) is also an increasingly common problem with more than one
single causal factor. (Redlich, 1997) Usually an SBS occurs in a new or newly remodeled building and
also old buildings with dirty carpets or no effective air-conditioning system (HVAC). Volatile organic
compounds (VOCs) and similar contaminants come from materials and paints, insulation materials,
adhesives, etc. High humidity in carpets and ceilings offers a welcoming environment for molds and
bacteria. In addition, dust and fibers are secretly hidden in asbestos, dirt, construction and paper
dust. Living or working in such buildings for a long period may result in mucous-membrane irritation,
neurotoxic effects, respiratory symptoms and skin symptoms.
The factors affecting indoor environment mainly include temperature, humidity, air exchange rate,
air movement, ventilation and pollutants of particles, biological and gaseous. (Yu, et al., 2009) (G.S.,
et al., 2005)Air conditioning system (HVAC) has been considered to be applied in the Hillcity to
maintain the temperature and keep air exchange rate with outside environment, as well as reducing
the concentration of the indoor air contaminants. (Redlich, 1997) However, recent study shows that
people are 30% to 200% more likely to have SBS in buildings equipped with HVAC compared with
natural ventilation systems. (Seppanen, et al., 2002) In addition, if the outdoor air itself is heavily
polluted (e.g. near a factory) or air conditioning system (HVAC) has pollutants such as microbial,
more pollutants will spread indoors through HVAC while HVAC itself is not effective in treating indoor
air pollutants, the remaining and accumulated pollutants will have negative influence on human
health, which adds in the significance of getting rid of the contaminants and improves the IAQ.

5.2

Methods for control of IAQ

In order to provide a comfortable and healthy indoor environment, measures have been taken to
control the IAQ.
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5.2.1 Control of pollution sources
One efficient and significant method to control the pollution is to reduce the sources. In this case, to
reduce the pollution for indoor air, possible sources are outlined below:







Adding filtration system to the HVAC to prevent outdoor pollutants from entering
Isolating the rooms with higher concentration of pollutants such as copycat rooms, kitchen,
and toilet and strengthening the ventilation system in such area.
Using more pollution-free or low-pollution building and decorating materials.
Since bacteria and molds will easily spread in dust and liquid drops, it is necessary to termly
clean the rooms and furniture’s including components of the HVAC (e.g. filter, heat
exchanger and muffler) and replaces them in time to avoid the aggradations of
contaminants.
Occupants’ behaviors such as high strength activities and smoking are not encouraged in
order to reduce the origin of indoor pollutants.

Source control will not be enough in Hillcity since we need to apply this method to all the rooms
including offices near the factories where they have pollution source. It is not possible to simply
isolate the rooms with pollution source because that would not create a healthy environment in the
whole city. Indoor air purification, in that, is necessary in Hillcity.
5.2.2 Indoor air purification
Indoor air purification is very important to reduce the concentration of contaminants and keep a high
IAQ level when pollution sources are hard to control.


Filtration: Filter is an important part in HVACs and it can remove ozone at a steady rate by
ozone reaction with reactive organic compounds on the filter. (Hyttinen, et al., 2003) (Bekö,
et al., 2005) (Zhao, et al., 2007) However, the removal efficiency of air conditioner (AC) filters
decays with time from the initial efficiency of 35-50% to 5-10% after one hour. (Hyttinen, et
al., 2003) (Bekö, et al., 2005) The speed of reaction depends on the composition of deposited
particles (Zhao, et al., 2007), which may contribute to microbial growth and result in the
reduction of efficiency if AC filter. Such accumulation and dispersion of microorganisms can
be prevented by adding anti-microbial agents on the surfaces of filter such as is cis–1-(3chloroallyl)-3,5,7–triaza–1-azoniaadamantane chloride. The experimental results indicated
that the time of starting to release the microorganisms is extended from 27 days for
untreated filter to 67 days for treated filter. (Cecchini, et al., 2004) However, the antimicrobial treatments of filter are still at a research stage, anti-microbial agents need to be
selected with the production process of filter before applied practically.

Filter is not a good option because itself contributes to microbial growth, which leads to the decrease
of filter efficiency and IAQ.


Adsorption: Among all the adsorbents that can purify the indoor air, including activated
carbon zeolite, activated alumia, silicagel, molecular sieves etc, activated carbon is an
extensive one due to the large specific area and high adsorption capacity. But two main
reasons limit the widely use of activated carbon. Firstly, activated carbon fibers (ACF) has a
higher adsorption capacity and 2 to 20 times faster adsorption kinetics than granular
activated carbon (GAC), (Subrenat, et al., 2004) while on the other hand, the efficient one 17
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ACF is very expensive, about 5-100 times higher than the price of GAC. (Yu, et al., 2009)
Second, ACF acts more effective when the contaminant is at low concentration, (Song, et al.,
2005) and the efficiency is different for polar and non-polar chemicals neither. (Huang, et al.,
2002)
ACF is expensive and GAC is not efficient enough, more importantly, individual adsorbent cannot
adsorb all kinds of indoor air pollutants and only act effectively on some of them.



Photocatalytic oxidation (PCO): definition of PCO. The advantages of PCO is that it can be
operated under room temperature and the broad range of target contaminants will be degraded
in to final products such as CO2 and H2O. The reaction rate of PCO depends on the humidity,
light source, inlet pollutant concentration, characteristic of the photocatalyst and type of
reactor. Low humidity will retard the reaction rate while high humidity will decrease the
reaction rate as well because the active site of the reactants on the surface are occupied by
water molecular. (Zhang, et al., 2003) For light source, light with shorter wavelength has higher
energy, however, the efficiency still depends on the actual photocatalysts and target pollutants.
(Zhang, et al., 2003) Within a certain range of pollutant concentration, reaction rate increases
with higher concentration, on the other hand, when the concentration exceeds a certain value,
the reaction rate starts to decrease. (Zhao, et al., 2003)

PCO operates on room temperature and is able to degrade wide range of pollutants. However, for
different pollutants, the best light wavelength differs too. Considering the complication of indoor air
pollutants, PCO will not be efficient enough for all contaminants.


Negative air ions (NAIs): NAIs uses the electric conduction fiber or the corona thread as the
emitting electrode, increases the concentrations of negative air ions (NAIs) and cleans the
air. (Yu, et al., 2009) In the beginning, energy is imparted to a neutral oxygen molecule,
which is then ionized. Then this electron is captured by another O2 molecule and creates a
negative ion, these charged ions combined with other O2 molecules forming clusters. (Air,
2010) Superoxide (O2−) is the main component of NAIs, and is more stable than other primary
NAIs. NAIs purify indoor air by removing aerosol particles, airborne microbes, odors and
VOCs in indoor air. (Daniels, 2002) In the process of particle removal, first particle is charged
by emitted ions and electro-migration. Then the charged particles and the electric field
produced by the electrical discharge increase the velocity of particles moving towards the
indoor surfaces, and are finally deposited on indoor surfaces (Lee, et al., 2004) (Lee, et al.,
2004) (Mayya, et al., 2004). When working with an HVAC system, the airflow carries oxygen
molecules over the air ionization tube, which produces positive and negative oxygen ions.
Then the bi-polar ions are sent through the dust system into the occupied space where they
can function and clean the air. This improved HVAC system brings many advantages: (Air,
2010)
1. With activated oxygen ions, the particles in the air will be charged and start to stick
to each other, forming larger and heavier particles, which will easier fall down to the
ground or be captured by the air filter
2. The growth of mold and bacteria will be inhibited as a result of ions penetrating the
cell’s split zone
3. Chemicals like VOCs in the air will be broken down into CO2 and H2O
4. Balance static electricity
5. Neutralize the symptoms of SBS
18
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The degradation for VOCs are slow and complicated and the reaction rate depends on the relative
humidity in the room: higher humidity results in lower reaction rate rate because the O2−
concentration decreases as the humidity rises by forming O2− (H2O)n. (Wu, et al., 2004) One limiting
factor for NAIs is that the efficiency is low when the pollutant concentration is at low level. (Yu, et al.,
2009)
Target pollutants of NAI’s is various, however, the humidity and pollutant concentration still need to
be considered in order to increase the removal efficiency.


Non-thermal plasma (NTP): Comparing to atmosphere plasma discharge, NTP reduce the
concentration of byproduct O3. (Wang, et al., 2006) However, byproducts CO, O3, NOx and
aerosol particles still occurs in the process of indoor air purification. (Cooray, et al., 2005)
NTP reactor operates unsteadily at a low efficiency, with limited number of target pollutants,
byproducts formation and high energy consumption. (Yu, et al., 2009)

NTP is also able to remove various indoor air pollutants such as microbe, particles and VOCs. But the
high energy consumption results in low energy efficiency, which is not as we expected. In addition,
byproducts such as CO, O3, NOx are formed.

5.3

Control of IAQ in Hillcity - Bipolar air ionization (Daniels, 2002)

5.3.1 Bipolar air ionization
The inspiration idea comes from the lightening of nature where dust is rushed away in the rain,
bipolar ions are created and ozone produced during the lightening will oxidize the VOCs and other
pollutants in the air, bringing more fresh air after the rain. However, such self-purification process is
absent indoors with no energy provided by lightening nor effects such as sterilize and disinfection
from sunlight.
The basic principle for bipolar air ionization is, in the devices, clusters of negative and positive bipolar
ions are produced, which can electrically charge PMx to remove them (similar to NAI’s), as well as
chemically reacting and destroying VOC. This process forms non-thermal plasmas, which means the
electron and ion clusters are highly but uniformly energized while the surrounding gases remains at
ambient temperature, and the process can be operated without the need for solid catalysts as well.
5.3.2 Case study
Bipolar air ionization technology has been applied in hospitals, hotels, banks, casinos, airports etc.,
and has been proved to be very efficient in treating various indoor air pollutants. Following we will
introduce cases about the application of air ionization in airports.
Airport hospitality suites
Two cases at DTW (Detroit Metropolitan Wayne County) and MSP (Minneapolis – St Paul
International) shows that the main complaints about pollutants in the airport hospitality suites are
tobacco smoke from the smoking lounges and odors. For tobacco smoke, even with continuous
coming of new smokers, the overall IAQ was proved to be improves by ionization devices and the air
environment was also acceptable for non-smoking staff. The odors and fuel of planes and vehicles
from the outside air were reduced as well.
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Airport building facilities
Airports, especially international ones, are always equipped with supporting facilities such as VISA
center to provide billing services to passengers. The billing center near Zurich International Airport
was adversely influenced by the polluted air from the airport and the odors from a wastewater plant
nearby. After application of ionization devices, a reduction to 50% of VOCs, including benzene,
toluene and iso-octane, was reached, and the IAQ of this working environment was largely improved.
Airport control towers
Before installing ionization devices in the control tower of MBS (Saginaw, Michigan - Tri City) and FAC
(Faaite, French Polynesia - Faaite Airport), the air in the TRACON room was very stale, dry and full of
dust. However, after one week of ionization, according to people used to have allergies and rhinitis,
the IAQ was largely improved.
5.3.3 Evaluation for Hillcity
High efficiency and wide application
The bipolar ionization is a good choice to improve IAQ for Hillcity because the technology itself is well
developed. It increases the efficiency of pollutants removal and the variety of application.
How much ions needed is important to know for the ionization process, since high energy generated
will increase the amount of ozone produced, of which the concentration is also need to be control for
indoor air. As a result, the ionization devices are equipped with up to eight process variables of the
physical air handling system and the air quality demand. The control unit is programmed for fixed
situation design parameters including ion level, power capacity and airflow rate, and demand
parameters being monitored such as airflow, humidity, outside and returns air quality and ozone.
The monitored parameters will help the devices to work more effective. Knowing pollutants
concentration helps to control the energy generated to avoid too much energy will raise the
concentration of O3 as byproducts. As for humidity, the problem is that the high humidity in the
outside air pass through the gas-phase filters of the cooling coils of the air handling units (AHUs), it
will reduce the efficiency of removing VOCs. As s result, the ionization system is installed
downstream from the AHU and will monitor and adjust according to changes in humidity. In addition,
the reduction in the operation pressure of AHUs will lower the fatigue and failures for equipments
and sound power levels for the system.
Besides adding the monitors to improve efficiency of the ionization system, the system has been
modified to apply not only to central AHUs to treat the entire airflow, to existing ductwork which is
downstream of the central HVAC systems but also to individual room spaces for immediate demands
from internal sources.
Various target pollutants
First of all, compared to other methods to control the IAQ we talked before, bipolar air ionization has
the advantage of being effective to various pollutants, including smoke, PMx, odors (as we can see
from the cases in the airports) and especially for VOCs which usually require the system to be
designed for specific VOCs, in that the ionization can be applied to most building in Hillcity. In
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addition, the production of byproducts such as ozone has been limited so that adds an extra
advantage for creating a healthier environment.
Low energy consumption
For regular HVACs without ionization systems, the energy consumption depends on the quantity of
outdoor air needed and the temperature needed. For the quantity part, besides bringing in oxygen
and taking off CO2, much more outdoor air is brought indoors to dilute the indoor air pollutants.
More outdoor air needed, more energy is consumed to warm up or cool down the air brought in.
By adding bipolar air ionization systems, outdoor and indoor air will be purified so that there will be a
huge reduction in need of the quantity of outdoor air to dilute the contaminants and the energy
consumption will be much lower, which save much cost and natural resources, realizing both the
ecological and ecological goal for Hillcity.
Overall
Bipolar air ionization is preferred because it shows the features of people - oriented and science directed of Hillcity, applicable in most buildings, removes pollutants and saves the energy, improving
the IAQ with newly technology in an economic and environmental friendly way.

6. Site criteria
An optimal location for a city can be influenced by a wide variation of criteria. The problems resulting
from urbanization might be similar around the world: reduced air and environmental quality,
pollutions in form of noise, light and contamination, dense living where privacy and personal space
are lost as wells as a decreased quality of the drinking water, green areas, local food production and
other natural resources. However, the problems that are consider the most acute ones and the vision
of how a modern society should be can often vary significant between cities, countries and
continents. The size of the city is one obvious factors, for Hong Kong and Shanghai in China the
largest problem is the migrant rural workers (Chengfeng, 2013) while in Marseille in French it is the
safety (TNS Political & Social, 2013). As the size of a city matters so will the structure, the culture as
well as the natural forces in the surroundings, e.g. Japan faces problems with tsunamis while in
Mexico many natural disasters are related to earthquakes.
In this part criteria from two different perspectives regarding the optimal location and site for a
future implementation of Hillcity will be considered:
i.

Criteria relative for the specific region; It is important to consider the problems and needs of the
region, as it was mentioned earlier this can differ between cities and countries. It is possible to
combine the choice of location with the design and architecture of the hill in order to adapt the
solution and benefits after the present challenges.
ii. Criteria relative to optimization of Hillcity; In order to implement and construct a Hillcity in a
manner where the maximal benefits can be brought out, the site will need to live up to certain
criteria.
However, even if the second type of criteria are in more general purpose, even these criteria will to a
certain extend depend on local factors. As Hillcity is a concept which is rather adaptable and flexible
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in form and function, a different set of criteria and the importance of them can, and likely will, vary
from case to case.

6.1

The Lausanne-Geneva area

In order to focus this part and to be able to define site criteria that are more relevant this part will be
considering the French-speaking part of Switzerland (west Switzerland) and in specific the region
between Lausanne and Geneva. This decision is partly based on a comparison between the two
largest cities in Switzerland, Geneva in west and Zurich in north-east, showing that the overall
satisfaction of the inhabitants is lower in the West of Switzerland. (TNS Political & Social, 2013)
In order to identify some local problems for this specific area, the relevant results from a survey
asked to the inhabitants of Geneva will be introduced below.
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Figure 4. Identified problems in Geneva, sorted by highest unsatisfaction level to the highest satisfaction level, the results
are derived from a satisfaction survey (TNS Political & Social, 2013)

From these results in can be concluded that there is a strain on the housing situation in Geneva
which has up to 82% of complete unsatisfaction. Many of the problems presented in figure 4 are
often related and therefore it is highly likely that the satisfaction with the different factors have a
correlation. The possibility to find a job in Geneva has a low satisfaction, which likely leads to higher
number of inhabitants having to travel longer distances for their jobs. A natural result from this is a
higher strain on the public transport system and a high activity along main roads around the city,
resulting in high noise levels and decreased air quality. As the satisfactory of different aspect are all
likely to be related, an overall satisfaction of the inhabitants can be assumed rather lower and so also
affecting the quality of their lives.
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Figure 5. Inhabitants overall satisfaction in Geneva (West Switzerland) and Zurich (North-East Switzerland) (TNS Political
& Social, 2013)

The overall satisfaction for Geneva might seem quite high from Figure 5, but in relation to the 79
cities where this survey was conducted, Geneva was in the bottom half while Zurich was on third
place. Further on, what might be interesting to note from this survey is that Zurich was for all the
result presented in Figure 4 in the top half and often among the top 10 cities. Of course, it is not that
straight forward to decide which city has the most satisfied inhabitants as culture and other external
factors will play a role. Geneva being a part of the French speaking region and Zurich from the
German speaking region, this might come to affect the inhabitants attitude, still these result can be
assumed to show a good indication.
Identified problems for the region
For this specific region considered the problems identified as most acute are the housing situation,
the possibility to find a job, the environmental standard (noise pollution and air quality) as well as
the public transport and the safety.
Switzerland being a rather small country traveling is for many an important part, partly for job which
is meant to be removed as the concept is to ‘Living and working under the same roof’, but also for
friend and families. The connection to surrounding areas and the larger public transport systems will
be important as it is common in Switzerland to have family and friends across the country.
Local climate and impacts from climate change as well as the risk of natural hazards are another site
specific factor that needs to be considered. In Western Switzerland the precipitation, especially
during winter, has increased with 10-30% during the 20th century (Dr. Frei, 2007). It is also flooding
that has during the past 30 years caused the highest economic damages and has the highest deathnumber in Switzerland, but also extreme temperature and storms are commonly occurring and vital
events for Switzerland (EM-DAT, 2014).

6.2

Set of criteria

A number of criteria have been chosen and are presented below in table 1. They have been divided
into four categories depending on which aspect the criteria is important for and these categories
were deiced on to incorporate the identified problems for the specific region; Physical construction,
Sustainable development, Life quality and Safety. Further on, the criteria has been classified into
three different types of classes depending on their importance, high importance meaning that the
criteria is fundamental for the implementation, medium importance meaning that it is necessary for
certain benefits/functions but that it could still be implemented and low importance meaning that it
would offer extra benefits if fulfilled but it is not necessary or important.
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Table 1. Set of criteria for implementation of a Hillcity

Site criteria
Criteria

Requirements

Class

Comments

High

Risk for slide and settling would be devastating

Surface area

Low

The surface area will limit the size of the hill but it can still
vary a lot without compromising on the city’s functionality

 possibility
for expansion

Low

A Hillcity would benefit more from creating a network of
Hillcities rather than expanding on existing ones

None cultural
heritage nor
protected
biodiversity
High potential

High

If an area is in need of protection/conservation due to
special interest it will be almost impossible for a Hillcity to
respect that as the purpose is to create a new land-surface

High

For a sustainable development with low emission, green
and renewable energy must be possible

Sunny area with
few shadowing
factors
Right strength
and direction of
the wind
Accessible
groundwater,
geomaterial etc.
High nutrient
level and well
drained
Good for local
production
Feasible
distance for
utilization
Low air and
noise pollution,
etc.

Medium

Optimization of the energy generated by solar radiation
can be achieved through the design, but it cannot be
created, this needs to be offered by the site itself

Low

Wind energy will mainly be generated through the shape
and form of the hill, therefore there criteria for the specific
sites are of low importance

Medium
/high

Important from a sustainable point of view, but natural
resources is important for any city, e.g. groundwater is one
of the largest source for freshwater

Medium
/high

The ideal Hillcity would be independent with its own food
production surrounding the hill and an area with
productive soil is important. However, depending on goals
of each individual case. For a first implementation this
might be out of less importance.

Medium

If the site is already suffering from low quality, the work
will be more extended in order to restore/repair the
damage already made

Connection to
surrounding
cities

Good
connection

Medium

Important for the image of the city, if people feel isolated
there is a risk for lower life quality and a bad image. Also
important when creating new jobs, difficult to succeed if
isolated from other markets/businesses

Scenery

Beautiful

Low

Can increase life quality and give a feeling of a luxury life

Low risk for
floods, storm,
tornados, etc.

Low

As the resilience of a Hillcity is high, this criterion is out of
low importance. In fact zones with high risk could benefit
from this type of construction

Physical construction
Soil properties

Stable and well
draining

Sustainable development
Protected area

Potential for
green energy
Solar
potential
Wind
energy
Natural
resources
Productive soil

Climate
Connection to
existing
WWTP etc.
Environmental
quality

Medium
/high
Low
/high

Once again, the ideal Hillcity would have its own recycling
and treatment facilities in order to be create a closed
system. The importance depends on the individual goals

Quality of life

Safety
Natural
hazards
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Hillcity feasible for this region

It could be an excellent way to extend the cities of Geneva and Lausanne by implementing a Hillcity
in the region between these two cities. Not only would it allow for a good connection to two of the
larger cities making it possible to create a broad variation of job opportunities, it would also to help
with the demand for housing. ‘Living and working under the same roof’ could be a reality, solving the
two problems with the highest unsatisfaction degree in figure 4 and with lower need for traveling,
low noise levels and good air quality can be maintained. The results presented in figure 4 are likely
to have a correlation and makes it possible for Hillcity, which is built with the larger perspective in
mind, to avoid similar problems and to lower the strain on these factors that occurs in the
surrounding area.
Further on, these region present a good climate for food production and is to a wide extend used for
farming. During summer the hours with sun are long and give a good basis for sustainable
development with local food and green energy. Also wind energy can be incorporate easily as this
energy source does not require special criteria on the site, but the strength and the direction of the
wind can instead be emphasized and controlled by the design of the hill.
The natural hazards that are the most relevant for this region (see section 6.1) are the types that are
easily avoided and protected against thanks to the resilience of a Hillcity. Floods and storms can be
controlled by the design of the hill and rain would in a more natural manor get directed of the hill.
The artificial underground space that has a more stable and controlled climate can be a good
protection against extreme temperatures, also the possibility to control the wind can allow for a
more cooling climate. With the lake ‘Lac Léman’ following along these whole region and the French
Alps that are visible from far make the scenery extraordinary, giving an possibility for rising the life
quality.
Three of the categories (Sustainable development, Quality of life and Safety) in table 1 are rather
easy to fulfill for this region. The one left is Physical construction, as regarding to the size of the site
this is a very flexible factor and will depend on the specific case; how large population it is aimed to
household and other parameters. The only limitations would be that a too small area will cause high
cost for low benefits and a too large area would likely loss some of the benefits as it is based around
a close community. For the soil properties an extended geological survey would need to be
conducted, however this region is already quite built and it is likely to believe that big parts are
suitable for construction.
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7. Discussion
7.1

Advantages

7.2

Limitations

8. Conclusion
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