e

e
EKTHS

VETENSKAP
&9 OCH KONST 9%

bt

KTH Industrial Engineering
and Management

Examining the Ecocityp from definition
Implementation

Jakob Berthold
Max HSglund Wetterwik

to



Bachelor of Science Thesi€EGI2013

v

0%@%0 . . . . . .
fKTHQ‘%% Examining the Ecocity - from definition to

%ﬂ VETENSKAP n$ implementation
a‘%xéé’u

KTH Industrial Engineering
and Management

Jakob Berthold
Max HSglund Wetterwik

Approved Examiner Supervisor
Catharina Erlich David Stoltz
Commissioner Contact person
Abstract

This reports has analysed the Ecocity anthd real world applications of the concepin order to
create a clearer view of what the concept mean and how it has developédth historically and
geographically. Also, a modedf a fictive EcaDistrict housing 5 000 peoplein Stockholm has
been created in order to analyse what possible results in terms of COemissions can be
achievedif the five most common Ecocity improvements are implementéa the district.

Added to thecontent of this reportis a global survey of 180 Ecocity initiatives. The survey was
conducted through analysing documentation of each initiative in order to assess what aspects
and areas of the city development were improved. The model was created using collected data
from public statistics and surveys of the Stockholm area.

The survey provides insight into the development and characteitst of the Ecocity initiatives.
Conclusions drawn are that the Ecocity initiatives are very different, both from the original
concept and alsofrom each other. The term is adopted by many initiatives that seems to have
nothing to do with Ecocity aspirations.sAa result,the authors have made a new definition, which
separatesthe term Ecocity from the Ecocity initiatives. This motivated by theimpracticality of
defining the Ecocity too narrowly, while at the same time a definititimat is too broad could lead

to a dilution of the meaning of the Ecocity. Furthermore, in order to quickly assess and grade the
characteristics of an Ecocity initiatie, the authors have introduced a system of certificatiorThis
system enables initiatives toquickly be graded and compared, and is @mplementto existing,
more complex evaluation tools.

The results of the model provideinsight into the CQemissions of Stockholm, and how the five
most commonmeasures of improvement undertaken ircocity initiatives could decrease these
emissions These five improvements are identified in the surveY¥he results show that in the Eco
District, over 50 percent of the C®emitted came from private transports and more than one
third from heating, but only four percent from electricity consumption in apartment buildings.
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1. Introduction

In the wakeof an increasing population and urbanisatiorand in combination with the problems
of climate change, sustainable development has gained global momentuds a result, a term
that has been increasingly usedo denote sustainable developments &cocityd The Ecocity is a
ecologicalconcept coined by Richal Register, a Californidased city designer and architect, in
1987. The original meaningof the Ecocity is a city indtal harmony with its ecosystemThe city is
in itself consideredan ecosystem, and does ot affect the natural environment in any negave
way, nor any other system®r the global system as a wholéEcocity Builders 2010a)

As the Ecocity concept has developed, and as sustainability has become mainstream, the
number of different initiatives labelled as an Ecocity have increased. Everything from small
desert villages in the US to ambitious higtech city initiatives in the Midlle Eastare labelled as
Ecocities(Joss 2010). But as the concept has become more widespread, it has becondéficult

to distinguish what features constitute an Ecocity. Also, it is both complex and time consuming to
evaluate the efforts and improvements of a city, and it is therefore not easy to assess the
characteristics and results of an initiative, whethet is an Ecocity initiative or some other type of
initiative.

As mentioned, one of the problems forming the background to the Ecocity concept is climate
change. Climate change is strongly associated with human activities emitting greenhouse gases.
As climate change prove the peatest environmental threat today it becomes interesting to
analyse how common improvements in Ecocity initiatives affect the cityOs environmental impact.

It is the aim of this report to bring clarity to the characteristicef the Ecocity conceptand to
assess how common Ecocity improvement can affect the £€nissions of cities.

1.1 The sustainability aspectof the report

The subject of this report is chosen with regard to the contemporary discussions around climate
change, urbanisation and sustainability. The United Nations human settlements programme
concludes that the effects of climate change and urbanisation threaten to have unpeslented
negative impact upon quality of life, and economic and social stability. The consenangund the
subject of climate change and global warming makes the city a vital area for improvemeértie
city is, and will be increasingly important in mitigating the human impact on the environment and
creating a sustainable society. The Ecocity is a capt of city development tightly linked to the
ideas of sustainability.

This report conducts asurveyof such Ecocity initiatives in order and analyse the development of
the Ecocity concept. The increased number of Ecocity initiatives in the wasdélects the growing
interest in sustainable communities, and the interest in how to measure progress and evaluate
cities. The measuring of environmental impact of individual cities creates a source of comparison
between cities, making way for competition and codination between them.

Our model reflects the growing needbr insight into which areas of the city actions should be
taken in order to mitigate the climate impactof cities in form of CQ emissions. Increased
knowledge is necessary in order to decide @as of focus in the city.



2. Objective, goal and problem statement

Thesesections provide the objectives, goals and problems addressed in this report.

2.1 Objective

The objective of this report is to create a more clear definition of the Ecocity concept by analysing
the historic development and characteristics of the Ecocity initiatives around the world. Adding to
this, a discussion on the evaluation of Ecocities wile included, aiming at introducing evaluation
tools for the Ecocity. Also, this report will model how the most common Ecocity initiative
implementations and improvements could affect theCQ emissions of a fictive Ecéistrict in
Stockholm and compare thee improvements with each other.

2.2 Goals

The goals of the report are:

¥ From existing definitions of the Ecocity and a survey of the global Ecocity initiatives create
a more clear definition of the Ecocity than exists today.

¥ Create evaluation tools fothe Ecocity.

¥ Model the effects regarding Cemissions of the most common improvements in Ecocity
initiatives on a fictive neighbourhood in Stockholm.

2.3 Problem statement

The term Ecocity is very inexplicit and is in many cases used to describe susthility initiatives
that are very different from each other and from the original Ecocity concephe Ecocity concept
seems to be applied to initiatives without regards to the original ideas and concept more clear
definition is needed, and ways of ewumating Ecocity initiatives need to be introduced.
Furthermore, the actual effects regarding reduced climate impact of Ecocity initiatives require
further study, and the questions this study aims at answering are therefore:

¥ What characteristics constitutean Ecocity?

¥ How can evaluations of how an urban environment must perform in order to be labelled
an Ecocity be done?

¥ What are the potentialdecreases ofCQ emission possible from improvements irthe five
most common Ecocity improvementi a fictive E@-District in Stockholm?



3. Method

The aim of this report is threefoldThe first aim is to analyse the origin of the Ecocity concept and
the historic development of the global Ecocity initiatives, from the first use of the term in 1987
until today. The second aim of the report is to conduct a global survey of Ecocity initiatives in
order to identify global Ecocity characteristics and their historic development. The results of the
survey together with material from the literature study will for the basis of a new definition of
the Ecocity. Together with the definition, a discussion addressing the issue of how to evaluate the
Ecocity will be included. The third goal is to construct a model that will analyse how the most
common improvement of theglobal Ecocity initiatives could affect the G@missions of a fictive
EcoDistrict in the Stockholm area, and to compare these results with each other, identifying
which of these improvements would bring the greatest effect concerning the emission o£CO

The first aim of this report will bereached by conducting a two-part study. The first part is a
discourse of the history and research on the Ecocity phenomena will be conducted, aiming at
identifying the EcocityOs original goals, and how the conckeas developed into real, globally
spread initiatives. The discourse will be conducted on published articles and bookke second
part is an analysis of the historic development will be conducted through a survey of global
Ecocity initiatives and their cheacteristics. The selected Ecocity initiatives this report will study
will be selected from previous global surveys. After selection, a study of collected data on the
initiatives will be done. The data will be collected from published reports, both frone timitiatives
themselves and from outside observers. Based on the amount and reliability of the data found,
the initiatives will either be chosen for further analysis, or excluded. The reliability is determined
through an evaluation of the source and the umber of different sources of data that can be
found. Following the accessibility study, every Ecocity initiative selected for further study will be
analysed, aiming at identifying what aspects and areasf the Ecocity each of them are including

in their goals and action plans. This will result in an overview of the historic development and
characteristics of the Ecocity concept, both globally and regionally.

The secondaim of the report(of creating a definition of the Ecocityill be reached by combimnig
the results of the Ecocity survewith the literature studied. An effort to introduce new ways of
evaluating Ecocity initiatives will also be included.

The third aim of this report will be reached by creating by analysihgw measuresin the five
most common aspects and areas ofimprovements in Ecocity initiativesould affect the CQ
emissions from a fictive Ecistrict in the Stockholm areaThe results of the survey show that
the five most common aspects and areas improved in Ecocity initiatives are the transport
systems, waste and water treatment, the built environment and the energy systefil. of the four
first mentioned aspects and areasre interconnected with the energy system, as energy is either
used or generated in all of them. Energy consumption is tightly linked to the emission of
greenhouse gases, which in turn is the cause of global warming and climate change. It therefore
becomesinteresting to examine the effectsin the form of CQemissions, that these five aspects
and areas contribute with, and to compare them to each other to identify where the greatest
reduction of CQemissions are possibleThe district will consist of apetment buildings housing a
total of 5 000 people. The model will bebuilt in Microsoft Excel, and data will be collected from
public statistics and surveys.

1 The term Oareas and aspectsO will be used throughout the report to denote either an aspect of a city, such as the civic
mentally towards sustainability and its subsequent behaviowr an area of the city, e.g. the area of waste
management or the area ofransport. These areas and aspects are further described in chapter five.



4. Literature study

The literature study provides an introduction to the historical and cumetrends regarding the
Ecocity. Also, material for the modelling of Ed3istrict Stockholm is explored.

4.1 Aspectsbehind the Ecocitydevelopment

The United Nations human settlements programme concludes that the effects of climate change
and urbanisaton threaten to have unprecedented negative impact upon quality of life, and
economic and social stability(United Nations Human Settlements Programme 2012)The
evolution of the Ecocity concept and the growing consensus around the need for these cities are
a response to the dual challenges of urbanisation and climate chang&oss, Cowley & Tomozeiu
2013). In the following two sections a closer explanation dfi¢ driving forces behind the Ecocity

is presented.

4.1.1 Climate change

The world climate is defined as an average value of the earthOs condition over a measured period
(BjSrkstrSm & TjernstrSm 2013). Climate change is referred to the fact that the average
temperature of the world is rising. The impact has already been noted, the IPCC reports a 0.76
degrees increase in average global temperature and the sea level has risen 17 centimetres since
the nineteenth century (IPCC 2007) Scientists have concluded that this is caused by the
increase of greenhouse gases in the atmospheréThe World Bank 2010)and that they are
anthropogenic, that is, caued by human activityPowel 2012)

The four most important greenhouse gases (GHG) produced by humans are: carbon dioxide
(CQ), methane (CH), nitrous oxide (MO) and the halocarbons (CFCl, CFG12 and HFG23).
These do nothave the same impacton the climate change one kilo of carbon dioxide affects the
atmosphere and therefore the climate change less than one kilo of methane does. Hence, a
system to measure and compare the impact halseen created. The tool is called carbon dioxide
equivalents (C@e) and it compares the warmingeffect of a GHG with that of carbon dioxide
(United Nations Human Settlements Programme 2012)The warming effect also differs
depending on the studied time period, some GHGs stay in the@tmosphere longer than other.
Table | showthe warmingeffect of four GHGs over éime period of 100 years:

Table | Greenhouse gases and their warmingffect in comparison to C@(United Nations
Human Settlements Programme 2012)

Greenhouse gas Impact (CQe) with period 100 years
Carbondioxide (CQ) 1

Methane (CH,) 25

Nitrous Oxide(N,O) 298

Halocarbons(CFC-11, CFC-12 and HFC-23) 14 800

The immobility of cities makes them vulnerable to climate change. 15 out of the world®s 20
megacities are at risk from rising sea levels. Cities are also very vulnerabib disruptions of
supplies like food, water supply and waste removal. For example, the city of London imports more
than 80 percent of its food from outside the United KingdorfT he World Bank 2010)

2 City with a population of more than 10 million people.



4.1.2 Urbanisation

The phenomenon of more people living in cities is called urbanisation. The definition differs from
countries around the world but the United Nations has defined a city as an area where more than
20 000 people are living. In the nineteenth century, merelyhtee percent of the earthOs
population lived in cities. This number has risen to 50 percent in 200@vesen& ...berg 2013)
The urban population expected to rise from 3.6 billion in 2011 to 6.3 billion in 2050, an increase
of 72 percent (The World Bank 2010) This is an effect of both urbanisation and the increase in
population. The worldOs population will surpass 9 billion people in 2080nited Nations
Population Division/DESA 2009)

Urbanisation s usually seen as an economic and demographic phenomenon, but it also affects
the ecological processes and the functions of local and global ecosysterftduang, Yeh& Chang
2010). In fact, urbanisation is a key driver of both greenhouse gas emissions arebaurce
usage even if urban areas occupy only three percent of the EarthOs land sur{@emm2008).

In an increasingly urbanized world, cities present both the problems and solutions to the
challenges in major areas as land use, biochemical cycles, ntlite, hydro systems and
biodiversity (Grimm 2008). On the one hand, cities create heavy demand for timber
consumption, biomass for heating, settlements, recreations and touris(@efries 2010) and on
the other hand, cities are fonts of human ingenuity andequire fewer resources per capita than
rural areas and smaller towns(Grimm 2008). But there is no questions about that the rapid
process of urbanisation creates a need for urban planning strategies that tries to develop cities
in sustainable wayqKstter 2004).

4.1.3 Environmental impactof cities

For the last 100 years, economic growth has been tightly linked with urbanization and
greenhouse gas emissions. As urbanization is increasing, so are the worldOs amountsbain
areas (The World Bank 2010)Cities today are not sustainable, as they use large amount of fossil
fuels and they consume large amount of food, power, energy and materials. They are sources of
waste and greenhouse gas emsions through their associated activities, e.g. transports, energy
generation and industrial production. Also, water, food and goods are often produced outside the
city, and there is an environmental impact associated with the production of those goodsvasil.

In total, the worldOs cities are responsible for close to 80 percent of oarbon dioxide emissions
(WWFBooz & Co 2010). The top ten greenhouse gas emitting cities in the world alone contribute
roughly to the same amount of greenhouse gas as theéhole of Japan(The World Bank 2010)As
urbanization is increasing, it will be increasingly important to consider how cities affect the
environment.

From an environmental point of view, it is not bad that cities grow; it is how they grow that is
important. The way people use energy, how buildings are heated and cooled, and how people
transport themselves are aspects that determine the impact a city ham the environment. For

an example, cities with high levels of public transport system use less energy than cities that rely
heavily on private transportationgThe World Bank 2010)

Density proves to be an aspect of great iportance for the cityOs environmental impact, as dense
cities are very energy efficient cities. New York, one of the worldOs most dense cities, is the city
with the world®s highest greenhouse gas emissions. But statistics reveal that New York ranks
much lower than other cities when looking at the per capita emission rate. The same phenomena
can be found in other dense cities such as Hong Kong, Paris, Tokyo, Dhaka and London. Up to 35
percent less greenhouse gas is generated from households in dense metrofol areas
compared to suburban areagThe World Bank 2010)Figure 1show the relation between a cityOs
urban density and its greenhouse gas (GHG) emissions.
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Because of this, cities prove a great chance to reduce our climate impact. The measuring of
environmental impact of individual cities creates a soae of comparison between cities, making
way for competition and coordination between them. This might lead to increased learning and
knowledge sharing, and potential investment opportunities. Also, the measurement of a cityOs
impact is a step tofinding paential solutions (UN2011).

Despite great need for more sustainable solutions, cities have developed more spraaid
increased the dependence on cars for its citizens, and thereby increased its resource depletion
and ecologicalimpact (Blassingame 1998) Urban population is expected to double by 2030, but
during the same time the area used for urban developments is expected to grow threefitie
World Bank 2010) Furthermore, cities donOt function fully effectively. In the developing world,
organized waste and water management is often obsolete or neristent, and the use of
resources is often very inefficient. For an example, in India, one third of the popwatiiving in
urban areas consume 87 percent of the countryOs electricity. These deficient systems often lead
not only to a big environmental impact, but is also a hazard to the health of the inhabita(&DA
2010).

But sincethe cities have such a great impact, there is also great potential in them. Cities offer
improvement in all three areas of sustainability. From an environmental view, there are great
synergy effects to gain as a high concentration of people means greaspibilities of increasing
the efficiency of resource usage, and they also offer opportunities to cut greenhougas
emissions (Financial Time2010). The same apply for social and economic perspectives. The city
employs 45 percent of a countryOs populatidsut generates 70 percent of its GDP, and when the
cities grow, so does the economic performance. Every time a countryOs share of peoplg livin
cities is increased by 10 percentthe GDP grows with 30 percen{Storm 2011). This leverage
offers possibilties of a more environmentally friendly and equal society, and in the long run,
social and ecological factors are important for the economic grow¢8IDA 2010)

Furthermore, as city administrations are the level of governanofosest to the public they are
focused on providing dayo-day services for their citizens. This results in cities often being more
pragmatic than higher instances of government. City administrations will play a key role in

3 Sprawl denotes the expansion of lowensity, caroriented development. It is considered an inefficient
use of land and focing inhabitants to a cardependent lifestyle (Frumkin 2002).



tackling climate change, and tky will need to integrate the public in the climate debate and
actions against it, for example through supplies of information creating awareness and
discussion, which will lay the ground stone for real actions. Cities considered OgreenO today to a
large extent share a common trait of supportive community and a proactive local government.
Change will need to come. No reduction in greenhouse gas emissions will occur unless changes
in urban design, reduction of sprawl, better public transports, better buildjnpractises and
renewable energy sources are implemente@he World Bank 2010)

4.2 Sustainable city development

The ideas of sustainability are not solely a result of our modern environmental problems. Instead,
its roots goback further. One example are the Iroquois Indians of North America, who stipulated
rules for their chieftains, requiring them to always consider how their decisions would affect the
next seven generations to comé¢Heinberg 2010)An early European example of sustainability is
found in Silvicultura Oecononimicaublished by the forestry scientist Hanns Carl von Carlowitz in
1713. In it, von Carlowitz argues that the replanting of trees was necessary to avoid
deforestation, and thereby saving Europe from the economic and social disaster that would
follow, and to save Othe wonders of natur@@hkamSki 2005) Interestingly, already in 1713 von
Carlowitz spoke of sustainability from an economic, social diecological perspective. But what is
new about todayOs concept of sustainability is the industrial and information society context in
which we discuss if{Gaffron, Huismans& Skala 2008).

The modern use of the word sustainability is largely influenced by the definition of the concept
that was made by the World Commission of Environment and Development (WCED) in 1987 in
the Brundtland report. In the report, sustainable development is defineas a development that
meets todayOs needs without compromising future generationOs ability to meet their(W@ED
1999). The Brundtland report was a result of a study of over 10,000 pages of material gathered
from hundreds orassociations, organizations and individuals, and at its centre was the principles
concerning sustainable developmeniRoseland, Dimensions of the ecoity 1997).

In 1992, five years after the Brundtland report was publishedhé UN held theConference on
Environment and Development(also known asthe Rio Conference)where the discussion
surrounded sustainability and environmental questiongUnited Nation2002). A result of the
conference was theAgenda 21action plan, a plan for future sustainability development. Agenda
21 offers amongst many things ideas on how all levels of governance can take action to fight
pollution, conserve natural resources and how to develop in a sustainable wa)f€LEIUSA
2011).

Agenda 21 also included a chapter (chapter 28) with guidelines on how local governances could
develop their own sustainability plans and initiatives, called thieocal Agenda 21(LA21). The
LA21 incorporates sustainability into the responsibility of authiies on lower levels, for example
cities, and is an important addition to fulfilling the sustainability objectives. The fact that so many
of the problems (and solutions) addressed in Agenda 21 have their origin in local activities
makes the cooperation ad participation with local authorities crucial. Local authorities create
and operate the economic, social and environmental infrastructure, they oversee the planning
and they create regulations and policies on local level. Being the governmental authesiton the
lowest level, they have the biggest connection with citizens, and they therefore have a key role in
creating a dialogue with them and to uphold the education and promotion of sustainability and
sustainable development(United Nations 1992). The organisation that prepared chapter 28 of
Agenda 21 is called the Local Governments for Sustainability (ICLEI), aradférs support to local
governance and organisations to develop these sustainability initiativéKCLEIUSA 2011J). In
partnership with the United Nations ICLEI created tHeocal Agenda 21 Planning GuideThe
planning guide offers guidelines on how local authorities can engage with local organisations and
residents in creating and providing services to the communitie@nd at the same time protect the



local and regional ecosystems. It specifically introduces system thinking as a mean for successful
local sustainability(ICLEI 1996)

Since the Rio Conference and Agenda 21, sustainable deweinent has become a guiding
principle to many local governments worldwide, and is now considered mainstream. ICLEI has
more than 1200 members in over 70 countries, with a number of big regional associations such
as Energy Cities representing over a 1000 Eapean cities committed to sustainable
development(ICLEI 2012)

988 1982 996 2000 2004

Figure 2 The frequency of the term OLocal Agenda 210 used in English literature betw
1987 and 2008 (ICLEI 2012)

In recent years a trend of abandoning the term LA21 is becoming more common, as shown in
figure 2. But this is not a result of sustainable efforts being reduced and sustainability loosing its
momentum. Instead, it is an indication that LA21 is not the ontgerm or label used to describe a
commitment to sustainable development. Some countries are beginning to use other terms, as
Olocal sustainability strategyO or Ointegrated development programmeO. Many cities also perform
well in environmental, economic andocial aspects, but are not perusing the activities of the
original LA21 approach, especially in As{#CLEI 2012)

Not everywhere is the LA21 or the concept of Osustainable developmentO met with enthusiasm.
One reason for tlis is the scepticism of what the terms really mean. In the United States, some
associate the term Osustainable developmentO with an attempt to introduce a central control over
resources and limiting the freedom of the individual. But that does not mean thaustainable
development is not being pursued in the US. Since 2005, over a 1000 mayors have signed the
Mayors Climate Protection Agreement, promising to reduce carbon emissions below their 1990
levels. Similar efforts can be found all around the worldyif example the African Local Agenda 21
Network, the World Mayor Council on Climate Change and thedtigported Covenant of Mayors
(ICLEI 2012)

As a whole, sustainable development has gone from a theoretical concept to becorae
successfully localized effort worldwide. The term sustainability is today accounted for in everyday
decisions, and the local sustainability process is a common logic. Local sustainability is not only
an environmental term, but also a concept denoting impved living conditins and a healthy
economy (ICLE2012).



4.3 The Ecocity

Richard Register, an architecand author in ecological city desigfrom California, first coined the
term Ecocity in 1987. He defines an Ecocity aan urban environmental sytem in which input
and output are minimized(Register 2006) Elaborated, this means a city that is a subsystehof

the ecosystem of which it is part, both concerning nature, such as the bioregion and the
watershed, but also the economic system, and that it is sustainable, meaning it is not depleting
resources or affecting the ecosystem in any negative way. The aitytself is an ecosystem and it

is also part of the global ecosystem. But there is no definite model for an Ecocity because every
city has its own prerequisites and features. However, since an Ecocity is an ecosystem, there are
basic characteristics assoiated with the term that should be fulfilled to be able to label the as
city an EcocityEcocity Builders 2010a)

In his book ORebuilding cities in balance with naturéZD06) Register elaboraes his thoughts
around cities, nature and humanity, and an ecological way of analysing the city is consistent
throughout the book(Register 2006) Cities form our way of life by constituting the surroundings
in which we act and liveThe city is comparedo a living organism, with its own skeletal system
(architecture), muscular system (engines, generators, pumps), heart and veins (streets, gas,
sewage pipes) et cetera.

The reasors for the existence of cities, Registeargues are certain forces ofattraction, which
unite human beings in societiedfor both mutual and personal benefits Physical nourishment,
shelter, security, curiosity, affection, sex, personal and social fulfilment aat examples of such
forces. For all these forces there are distanc® both in time and space, which today fail to
function, and the community must therefore notbe scattered too thinly. Gasoline form a
substitute for these social forces that binds together human beings in societies when distance
get too large, but it doesnot function very well. Measured in social segregation caused by
distances, human alienation, pollution, habitat destruction, extinction of species and climate
change, sprawl and the twalimensional spread of human settlements have failed, and this
develogpment need to change in order to change our civilizatigRRegister 2006)

He concludes that depending on how to design our communities and citiéise way of life will be
determined. In the wake of an increasing human populatiothe world must think small. Modern
cities must be built for human beings instead of cars. In order to chant®e way of life to be able

to sustain the planet,the world must build smaller, taller citiesb Othree dimensional citiesO. Cities
must be designed according to their natural surroundings, and not the other way around. They
must move away from sprawl towards a pedestrian compact city, and design cities closer to
nature (Register 2006)

OCities need to be rebuilt from their roots in the soil, from their concrete and steell
foundations on up. They need to be reorganized and rebuilt upon ecological principles.O
(Register 2006)

Register is also the founder of Ecocity Builders, a n@nofit organization based in Berkley,
California. The Ecocity Builders are frequently part of projects and conversations about Ecocities
and the Ecocity concept all around the world. The organizati@nalso host for the International
Ecocity Conference, an international conference on sustainable city developmg(icocity
Builders 2010a). The organization made a more clarified definition of the Ecocity in 2010:

OAn Ecogitis a human settlement modelled on the seHustaining, resilient structures

and functions of natural ecosystems. It provides healthy abundance to its inhabitants
without consuming more (renewable) resources than it produces, without producing more
waste than it can assimilate, and without being toxic to itself or neighbouring ecosystems.

4 For explanation of subsystem, please see section 4.4.



Its inhabitantsO ecological impact reflect planetary supportive lifestyles; its social order
reflects fundamental principles of fairness, justice and reasonable equityExocity Builders
2010b).

Research has been contacted about the Ecocity and the development of the concept. In 1997 M.
Roseland, a professor at Simon Fraser University in British Columbia, published the article
®imensions of the ececity@where he discusses the origins of the Ecocity. Roseland argues that
the Ecocity concept is a compilation of different paradigms and movementshown in figure 3.
Although the Ecocity concept was not defined until 1987, Registdiscussed his ideas about
environmental principles before the Brundtland report introduced the modern use of the word
sustainability the same year, and the concept is not an offspring of sustainability as defined by
the UN as much as the movements and padigms presented in RoselandOs artic{&cocity
Builders 2010a).

Community
Economic
Development
Appropriate
GreenMovement Technology
Ecocity
Sustainable )
Development SocialEcology

Bioregionalism

Figure 3 The paradigms and movements on which Roseland argues the Ecocity oepic
is based (Roseland 1997

Roseland states that it was onlyaround the time of his publication (1997) that the interest for
the practical implementation of the ideas surrounding the Ecocity had started to grow, much
owing to the publications of Register and the Ecocity BuildérdHe goes further as to analysing
the new literature on the subject, identifying many different orientations and wosliews among
the authors, including architects, academics and activists. He categorises the literature into four
groups organized in a spectra based on orientations and ternology, presented in table Il. The
four categories are designers (architects, planners and consultants), practitioners (politicians,
local governments and citizens and community organizations), visionaries (agriculturists,
economists, architects and plannig theorists) and activists (writers, community activists,
bioregionalists, social ecologists and environmentalists).

Table |l Categories of authors on ideas surrounding the Ecocity concept and tt
subjects of their literature (Roseland 1997

Designers Practitioners Visionaries Activists
¥ Thecostof sprawl ¥ Sustainableurban development ¥ Sustainablecommunitiies ¥ Greencities
¥ Sustainabilityby design ¥ Sustainablecities ¥ Communityself-reliance ¥ Ecocities
¥ Localsustainabilityinitiatives ¥ Ecocommunities

5 For further insight into these paradigms and movements please s&mensions of the ececity.
6 Other important contributions includer owards anEcocityby D. Engwicht(1992), a book on modern city
development and how it is destroying effiency (Roseland 1997).
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Rosdand finishes his publication with stating that the Ecocity represents a vision or a direction
for urban development, and that in 1997 many authors would have agreed no sustainable
settlement existed, the only ones coming close would have been some lexsting aboriginal
settlements. Furthermore, he argues there exist no single definition of the Ecocity and that
maybe there shouldnOt. Rather, the sustainability aspects should be defined from a local
community perspective (Roseland997). However, he alsoargues that another approach to
defining Osustainable communitiesO is to stipulate necessary conditions for them, for example he
proposes that a sustainable community should include the efficient use of land, the reduction of
consumption, improved liveabity and have governance for sustainabilitfRoseland 1992)

A survey of secalled EcoNeighbourhoods published in the boolSustainable communities: the
potential for EcoNeighbourhoods(2000) by H. Barton shows a great diversity in the sustainable
community initiatives undertaken. The initiatives differed in scale, focus et cetera. Blso states
that despite widespread support not very much had happened concerning the sustainable city
development. He claims the realisation of sustainable communities was prevented by economic,
political and behavioural constraints. There was also room for doubt regarding the initiatives and
if they really matched the high ambitions or the standards of stainability (Barton2000).

Nine years later, an effort trying to shed light on the global development was conducted by Simon
Joss, a professor from Westminster, in his publicatioEdcities D a global survey 2009QJoss
maps global Ecocity initiativesnarrowing it down to 79 actual initiatives, and by analysing their
features tries to define an Ecocity. His findingshow not only that the interest in the Ecocity
concept had grown rapidly during those years between his survey and BartonOs and RoselandOs
publications, taking its form in globally spread initiatives, but also that there is a great diversity
between the different initiatives. There is new city developments, the expansion of cities and the
OretrdittingO (upgrading) of existing cities thatladre labelled as Ecocity initiatives. There are
also different focuses of the initiatives. Some focus on the implementation of new technology,
some on urban planning and some on civic empowerment. JossO own definition of the Ecocity
derives from the reasaing that it would be of no use to have a definition that is to narrow, but
that there is a necessity of defining general key criteria for the term. His definition states that an
Ecocity is a development of a substantial size, involving different sectorsthe urban system,

and that the settlement is supported by policies and governan¢doss 2010)

JosLmapping was followed by an updated mapping in 2011, ih@ing the same type of analysis
of a total of 174 Ecocity initiatives. However, he is quick taress that the sudden increase in the
number of mapped initiatives is not a result of a sudden increase in the global interest of the
Ecocity, but a result of better research and access to more dafdoss, Tomozeiu& Cowley
2011). It is on this list the sirvey of Ecocity initiatives in this study is based.

A study based on the list Joss produced in 2009 is presented in the articBefining the ecacity:

a discursive approachCpby Rapoport published in 2011. In it, Rapoport selects six Ecocity
initiatives from JossO list, examining them to identify and compare their characteristics. The
initiatives were selected based on the amount of reliable data available. The result shows that
the projects are all very similar when it comes to focusing on environmengaistainability (social
and economic sustainability is discussed far less in the initiatives analysed), and that it is the
design and planning of the city that is supposed to create sustainability. But the results also
show that the projects are very diffemt concerning what stakeholders it is who runs the
initiatives, and which technical implementations that are in focus. There are initiatives run by
governments, local activists and private entities. Some projects focus on the implementation of
new technobgy in the field of producing resources, and some in the field of consuming
resources. Worth noticing is that the role of the citizens and the governance of the city is virtually
never mentioned in any of the initiative¢$Rapoport& Vernay 2011)
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Rapoport makes no own definition of the Ecocity but instead accepts the one Joss is using.
However, the report further demonstrates that the diversity of the Ecocity initiatives is great, and
that inside the frames of the definition, there are many differd versions of the Ecocity
(Rapoport& Vernay 2011)

4.4 The system approach to a city

When analysing a complex problem, it is often beneficial to analyse it by applying system analysis
or system thinking. System thinking is a great tool when trying tmderstand how a complex
entity interact and affect other entities, and as will be shown, a city can be modelled as a system.
The system thinking approach is in this report used to categorize different improvements Ecocity
initiatives are undertaking in orér to conduct the survey presented in section 5.

4.4.1 System thinking

A system consists of three things: purpose, elements and interconnections. It is defined as an
Ointerconnected set of elements that is coherently organized in a way that achieves somethingO.
Systems can be embedded within other systems, for example a tiisea system and an animal is

a system, a forest is a larger system that encompasses the systems for animals and trees. These
are therefore called subsystems. In a way, all systems are subsystefifeeadows 2008)

One classic exaple illustrating the usefulness of system thinking is a group of blind men that
gets assigned to describe an elephant. As every man stands next to different parts of the
elephant, they all get a very different opinion about what an elephant is, as noneldm see the
whole picture. The lesson is that it is hard to define a system when not all elements are taken
into account(Meadows 2008)

According toChurchman, asystemthinking experts, here are five basic considerationshat need
to be considered when anbysing asystem:
¥ the total system objective and, more specifically, the performance measures of the whole
system;
the systemOs environment: the fixed constraints;
the resources of the system;
the components of the systemtheir activity, goals and measures of performance;
the management of the system.

KK K K

(Churchman 1968)

The systemOs enwinment brings up another aspegtthe boundary of the system. The boundary
is what separates elements that exist within the system and elements that belong to the system
environment(Meadows 2008) In the system for trees, all trees are elements that belong the
system and, for example, an animal or human being, belong to the environment.

4.4.2 A city as a systenb three examples

The following sections present three ways of modelling a city as a system, and how it is a useful
tool in understanding the inérconnections of the subsystems in a city. The first example is from
Hammarby SjSstad, the second example is a model of the Wuxi Smart City in China and the last
example is a generic model of subsystems in a hypothetical city called Symbiocity.
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4.4.2.a Hammarby Sj3stad

Hammarby SjSstad is an Ecocity initiative located in Stockholm, Sweden. The district is supposed
to be a Orole model® for similar projects in big citdammarby Sjsstad was planned and built
with a strict ecocycle view, aiming tobecome a resourceefficient and environmentally sound
district (HellstrSm 2005). The Hammarby model is a system model used to portray the
subsystems of waste, water and energy within the Ecocitfhe Hammarby model was an
important tool in order to link district heating, district cooling, wastewater and production of
biofuel together, and to analyse how the subsystems interact. It is also one of the reasons why
Hammarby SjSstad is so well known tarnationally (Pandis& Brandt 2009).

—————————————— Energy

Biofuel

Hégdalen’s combined o
heat and power plant Biosolids

Hammarby heat plant

Environmentally
friendly electricity

The sea

Sjostaden’s and Henriksdal’s
wastewater treatment plants

Lake Malaren/drinking water plant

Figure 4 The Hammarby mode(Glashusett 2007)

The model presented in figure 4 shows how the subsystems of energy, waste and water interacts
with each other. The model is very specific for the local environment in Hammarby SjSstad, which
is shown by the local entities, for example SaltsjSn and Hammarbgat plant.

One interesting aspect of the model is how water and waste is interconnected with energy.
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Organic waste and combustible waste both lead to district heating and electricity but through
different processes. Organic waste is used for anaerohiligestion in order to produce biofuel
that can be processed in the heat and power plant. Combustible waste is burnt directly in the
combined heat and power plant. The water system also interconnects with the energy system in
the form of sludge produced frm wastewater. The sludge is processed into biogas that can be
used for cars and public transport.

This model shows that it is hard to separate and implement one system at a time without
consider the impact of other systems. The three systems are veryeitependent and create
synergy effect when implemented together.

4.4.2.b Wuxi

The next example was created by graduate students from the Royal Institute of Technology (KTH)
in Stockholm, Sweden. It was created for the Chinese Ecocity Wuxi, located dets$hanghai.
The system boundary of the model is the same as the geographical boundary for the Ecocity.
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Figure 5 System picture of Ecocity WuxXDepartmert of Energy Technology KTH

The system model presented in figure 5 encompasses fiwibsystems within the city: water,
built environment, transport, energy and waste. The model is similar to the Hammarby model, but
subsystems of built environment and transport is added. From the waste system, organic waste
leads to biofuels used by the bsi fleet, and burnable waste is processed into electricity and heat
through the use of a CCHP (Combined Cooling, Heating and Power plant). A difference is the use
of energy storage and heat pumps in Wuxi. Outside the system picture, the graduate stugent
discussthe impact of user behaviour and system management. The conclusion is that both these
are vital in order to reach a high system potentiéDepartmert of Energy Technology, KTH
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4.4.2.c Symbiocity

The Symbiocity concept is a holistic Ecocity system in whigdwven subsystems are identified as
being especially important in order to achieve a sustainable urban environment. The subsystems
defined are: urban functions, energy, waste, water and sanitatiotraffic and transportation,
landscape planning and building design. Symbiocity do not only describe these systems, but also
discuss how they are interconnected and how synergy effects can be achie{(8tDA 2010)

Following $ a short introduction to the different subsystems:

¥ Sustainable energyis focused on minimising energy demand and promotes renewable
energy solutions. In regions with cold climates district heating is encouraged and in
densely populated regions district@oling is a good alternative.

¥ Sustainable waste managementis divided into four phases; minimize the waste
amounts, collect and transport waste, reuse and recycle waste and treatment and
disposal of residues.

¥ Sustainable water supplyand sanitation handés the supply of water for consumption,
hygiene and production, and later to sanitise the used water. Symbiocity recommends a
water-based sewage system for densely populated and medium income areas, and a dry
sanitation system for poor and arid countries.

¥ Sustainable traffic and transportationhandles all ways of transport, for example bicycles,
cars, busses and trains. At the moment, the shift to renewable fuels and future vehicle
technology is a prioritized question in many cities.

¥ The last three subsytems, sustainable landscape planningsustainable building design
and sustainable urban functionis more vaguely defined. The first include areas for
recreation and areas that contains bialiversity, the second relate to all aspects to be
considered when liilding buildings in the city, and the third encompasses vital urban
function normally defined as residential, commercial, educational and industrial
production.

(SIDA 2010)

4.5 Case dudies of Ecocity Initiatives

This sectin presents three examples of Ecocity initiatives and what types of efforts are made in
them.

4.5.1 Masdar City

Masdar city is a higitech enterprise located in the United Arab Emirates, aiming at becoming
one of the worldOs most sustainable urbamvironments. It is also trying to create platforms to
advance the clean energy industry and to become a benchmark for the worldOs urban sustainable
development(Masdar 2012). When finished, it will run completely on renewabknergy and will
have a capacity of housing 40,000 residents and businesses employing 50,008ader 2009).

Masdar City is created with seven aspects of the urban structure in mind: planning, power, water,
waste, transport, supy chain and integration of ICT infrastructure.

¥ The planning aspect includes the urban planning, architecture and construction. Gains
are made in the early stage of urban development through orientatioand performance
optimization bringing down fture energy demands.

¥ In the area of power, ambitions are to maximize the use of renewable energy sources, as
it would be the largest source of carbon savings. Several types of modules and
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technologies are to be implemented. These are photovoltaics, contexting solar power,
evacuated tube collectors, Owaste to enerddg@Pstems and the use of geothermal energy.

¥ Masdar city will be designed to use a minimum amount of water and to maximize the
reuse of water through different treatmentand production techngues.

¥ In the same way waste management is meant to minimize the use of landfill and to
maximize recycling and reusing. This is done through both increasing social awareness
and implementation of waste management systems.

¥ The cityOs transport system wfiicus on making the city a community for the pedestrian,
promoting walking and selpropelled transports. Also, a transport system of electric
buses will be implemented. Light rail and metro will pass through the city, providing links
to other areas such & Abu Dhabi.

¥ Carbon emissions will also be mitigated through the supply chain. Masdar carefully
considers what products and services to use. Materials are chosen through an evaluation
process looking at environmental, economic and social aspects. ExampteEsmaterials
used are lowcarbon cement, recycled steel and sustainably grown timber. Suppliers are
also informed and helped to understand what environmental impact their operations
have.

¥ To integrate and to manage these complex systems, and to serve idemts and
businesses, integration of information communication and technology (ICT) infrastructure
is necessary.

(Masdar City 2011)

4.5.2 Live Green Toronto

Toronto is a city in Canada with 2.5 million inhabitants. In the 20s, Toronto started to plan
sustainability programs with focus on greenhouse gas emissions. These plans are implemented
through the Live Green Toronto initiative launched in 2008. By the year of 2009, a reduction of
40 percent of greenhouse gas emissionfom the 1990 level had been achieved, and the plan is
to reduce it by 80 percent by 2050(Joss, Tomozeik 2011).

Toronto identified four approaches for change: new ways to meet the growing electricity demand,
new ways to reduce natural gas consumption, community energy planning and community power
projects, and lastly climate change adaption.

New ways of meeting eletricity demand will be done by conservation and demand management
(CDM) and by implementing renewable energy sources and smart grid technology. CDM will
reduce the demand for electricity through energy efficiency efforts such as retrofitting buildings
and to implement carsharing programs. Also, the city will be working with the inhabitants to
reduce consumption. CDM will also be applied to reduce natural gas consumption, as will the
increased usage of renewable thermal energy sources such as ggergy, ®lar thermal and bie
energy. District heating systems will also be implemented to meet heating, cooling and domestic
hot water need in both households and industry. Alongside the abawentioned efforts,
community energy planning and community power progscwill be applied. Community energy
planning provides research and analysis together with stakeholder engagement to create ideas
and support for sustainable options. It is an information campaign that educates the community
to understand how energy affeat costs, security and the communityOs environmental impact.
Community power projects are communiyin sustainability projects. Lastly, Toronto will adapt to
climate change, meaning it will take measures such as upgrading energy infrastructure to adapt
to more extreme weather patterns resulting from climate chandkive Green Toronto 2009)

Another idea Toronto has implemented is a grant of up to 25 000 dollars for projects that reduce
emissions, clean the air and help the cityo adapt to climate change. For larger infrastructure
and building projects, the grant can rise up to 250 000 dollars. The grant is a good example to
describe Live Green TorontoOs efforts of working together with the inhabitants. The city has
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created manyincentives for the community, households and businesses to make environmental
decisions. For example inhabitants can take a free city bike course and get a free tree planted on
the pavement outside your house, businesses can get free advice on how to make business
more energy efficient from the CityOs Energy Efficiency Oftfidee Green Toronto 2010Q)

4.5.3 Eko-Viikki

Eko-Viikki is a suburb outside of Helsinki, the capital of Finland. The plan for Bkiikki is to cover
residential and service areas. Completed in 2005, the number of inhabitants was planned to be
13 000 and include 6000 work places(EkoViikki 2005).

The goals of the project was to reduce consumption of natural resources in both building
construction and maintenance, reduce heating, electricity, and water consumption among
residents by a considerable percentage compared tde typical average residential use in
Helsinki, and to replace fossil fuels with renewables natural resourcé&Skanska 2008)

At an early stage, EkWiiki discovered that existing ecological planning tools did not fit the
environment in Finland, and therefore they developed their own ecologicaiteria, the socalled
PIMWAG criteria. The criteria consists of five factors that developments like &lki&i has to take
into account if they want to assess the level of ecology in @oject. The five factors were:
pollution, the availability of natural resources, health, the biodiversity of nature, and nutrition.
These are evaluated using three levelsninimum level, one point and twaopoints. For exanple,
for a project to receive twa@oints for nutrition, it has to give residents the opportunity to cultivate
their own yads, and for it to receive tw@oints for natural resources, it has to stay below certain
energy requirement for electricity and heatinfEkoViikki 2005). PIMWAG can also be used as an
evaluation tool, as the next section brings up.

Since EkoViiki has already been implemented, studies have been made regarding the success or
failure of the initiative. Though the project is viewed as a suess, criticism has occurred
regarding the density of the building, the ventilation systems and that the communitytaslarge
extent focused on families with young childrerstill, EkeViiki has developed a strong community
spirit, and according to offical documents,most inhabitantsare happy (EkoViikki 2005).

4.6 Existing evaluation tools

Different tools have emerged to evaluate cities from an environmental perspective. Most tools
are theoretical and to complicated to & used in practise(Butters 2004), others are developed by
private engineering companies and sold to clients as softwaf@rup 2013). All these models
describe what is evaluated, how it is measured, and how to visualize the resuliise evaluatian
tool diagrams are presented irappendixC.

Three of the existing evaluation tools are SPeAR, International Ecocity Frameworks and
Standards (IEFS) from Ecocity Builders and the Value Map by Norwegian Architects for
Sustainable Development (NABUAII three have fixed parameters.

SPeAR was developed by the engineering consultancy Arup in 2000. It is a softyaoeluct with
multiple uses, forexample it can evaluate the design stage, identify key risk areas and function
as an evaluation tools upon project completiofArup 2013). The model evaluates natural
resources, the environment and economic and social aspeat$ a project by breaking them down
into smaller pieces. For example, within the natural resources area, water use is evaluated from
the parameters; water efficiency, water monitoring, process/construction water source and
auxiliary water source. Water usis then measured through a sevestep scale from Oworst case®
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(red) to Ooptimum® (green). The model is visualised by a rose diagram, where the optimum lies in
the middle (Stanford 2007).

IEFS was developed in 2010 by the Ecibg Builders organisation. The model evaluates 15
different aspects of the city, categorised in four areas: urban design, ffjeophysical conditions,
ecological imperatives and socigultural features. From the results each areas receives a grade
rangingfrom OunhealthyO city to O@sialO city. The highest grade, OGaia0, describes a city that is
Oin harmony, both socially and biophysically with its surrounding region and globallyO. The Ecocity
term is also used in the tool to denote a state of the arsa There are three Ecocity grades in the
scale, Ecocity 1, 2 or 3. Receiving a Gaia status is considered even better than receiving an
Ecocity gradeg(Ecocity Builders 2011)

The Value Map by NABU is similar to two tools debed above. It evaluates 24 areas and each
area receives a grade ranging from very poor to fully sustainable. For example, buildings with an
energy consumption ranging between -B0 kWh/m2 receive a fully sustainable grade, while
consumption over 180 kWh/ntis considered being very poor. The model gives the three aspects
of sustainability (economic, social and environmental) equal importance. The Value Map uses a
rose diagram, with the important difference from the SpeAR diagram the highest grade is on the
edge of the rose(Butters 2004).

There are difficulties of using models like the ones described above to evaluate a city. First, it is
hard to know which dimensions to measure; second it is hard to know what the benchmark
should be used within that dimension. For example, the Environmehizefence Fund stated in a
report that the Boston metropolitan region had 83 days with Ogood air quality® and zero days with
Ounhealthy air quality® each year, yet cases afeddted cancer is 100 times greater for Boston

in relation to the national stamlard. It is hard to get the full picture by just looking at one
dimension (Kline 2010). Also, the highest value (e.g. Ofully sustainable®) in these dimensions does
not always correspond to the best standards available. As meamied before, The Value Map
grade a buildings whose energy consumption measures between50 kWh/m2 as Ofully
sustainable®, yet today it is technically possible to built zero energy build{Bygters 2004).

4.7 Material for the modelling of EceDistrict Stockholm

With inspiration from the Ecocity cases, the system charts (the Hammarby model, Symbiocity and
Wauxi) and the results of the global survey, this report has examined five aspects and areas in
Stockholm. These arethe transport system, the waste and water treatment, the built
environment and the energy system. &ording to the results of the globasurvey that this report
has conducted and which are presentedn chapter 5, these are the five subsystems most
commonl improved in Ecocity initiatives. These sections provide backgrounds and material for
the modelling of a fictive EcBDistrict in Stockholm presented in chapter 7

The model will analyse the CCemissions from energy consumption and generation in the five
aspects and areas, and therefore, a background to the role of energy in the climate debate is
provided.

4.7.1 Energy- background

During the last centuries, the worldOs energy consumption has increased dramatically. Energy
consumption and economic development has traditionally gone hand in hand, and as a
consequence energy consumption vary greatly between countries. China, who hamnsa strong
economic and social development during the last decades, has an enempnsumption per
capita rate three times higher than Kenya. Sweden on the other hand, has an energy
consumption per capita rate three times higher than China. The energy haistorically come
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from fossil fuels, but as climate change and environmental hazards spring for the emissions from
fossil fuels, the energy debate today discuss how an increase in renewable energy can be
accomplished to achieve a sustainable global energystem(Energimyndigheten 2012)

In the EU, targets have been set up regarding energy consumption and production, theated
02020200 targets. These state that by 2020, the European energy mix will consist of 20 percent
renewable energy, emissions of greenhouse gases has decreased by 20 percent and that the
consumption of energy has decreased by 20 perceriStockholm County Council 2010)As
countries (just as cities) have their own prerequisite€uropean countries have individual goals
for their share of renewable energy. The EU goal for Sweden is to have an energy mix consisting
of 49 percent renewable energy by 2020, but SwedenOs own goal is to increase the ratio to 50
percent. The EU also hagoals for individual areas of energy usage. Targets for the transport
sector is to have a 10 percent share of green vehiclégsvehicles run on renewable fuels. Again,
SwedenOs individual target is more ambitious. By 2030, the Swedish vehicle fleet will be
independent of fossil fuels(Energimyndigheten 2012)

SwedenOs share of renewable energy has increased steadily during the last decades. In 1990,
the share of renewable energy in the energy mix was 33 percent; by 2010 theufig was 48
percent. The biggest reason for this development is the increased usage of biofuels in the
forestry industry and in electricity and heat generation. More recently, heat pumps have been the
biggest contributors to a cleaner energy mix. Oil, whidgh 1970 constituted more than 70
percent of energy for households and around 50 percent for the industry sector, has decreased
to constitute only around 8 and 10 percenfEnergimyndigheten 2012)

Swedish energy mix 2012
Totally 614 TWh
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Figure 6 Percentage of total energy generated in Sweden distributed per source ar
year (Energimyndigheten 2012)

Globally, Sweden is performing well in environmental terms. Not only is the energy system
relatively clean, but thecountry has also been able to achieve economic development together
with reduced CQ@ emissions. Since 1991, the Swedish economy has grown with 48 percent,
while at the same time C® emissions have dropped with nine percen{Stockhom County
Council 2010). Figure 6 show the distribution of the yearly amount of generated energy in
Sweden amongst energy sources. Fossil fuels as oil products, natural gas, coal and coax amount
for 38 percent of the total energy. Most of the fossil s are used for transportation.

4.7.2 Energysystem

Stockholm County consumes around 14 percent of SwedenOs total energy and emits about 8,7
million tonnes of CQ@ equivalents per year. 80 percent of COemissions come from
transportation and the domestic sector. COemission per capita in Stockholm is however low
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compared to other regions. For example, Stockholm emits half as muchG@mpared with
Sweden as a whole. This low figure is due to the effintedistrict heating and public transport
system. Also adding to the fact is that a very small proportion of SwedenOs industry operations
are located in Stockholm County. Future challenges for Stockholm is to implement more
renewable energy, especially irhe domestic and transport sector, as it is these two areas that
emit a great majority of the C® 80 percent of StockholmOs district heating consists of renewable
sources. Targets that exist are that the use of coal is to be zero, and that fossil sharevabte is
decreased by 50 percent by 203qStockholm County Council 2010)

Electricity is an energy carrier generated from different energy sources. In Sweden the main part
of the electricity comes from hydropower and nuclearnergy. The total electricity production
2011 in Sweden was 146 TWh, of which 45 percent was produced by hydropower, 40 percent by
nuclear energy; four percent by wind power and the remaining eleven percent was produced by
biofuel or fossil fuel productionThe energy mix ipresented in figure 7.
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Figure 7 Production of electricity in Swedehby type 197092011
(Energimyndigheten 2012)

Swedish electricity generation is relatively clean, as low amounts of greenhouse gaaes
emitted in the production. 20 grams of Cg2 are emitted per generated kWh, while the same
figure is 100 for the Nordic region and 415 for Europe. The emissions from Sweden are much
lower than from the other regions, which is due to SwedenOs high prtpo of hydropower and
nuclear production.(Svensk Energi 2010)

4.7.3 Built environment

The built environment encompasses the built structures in the E&bstrict. For these structures,
energy is used for heating anelectricity. In this section, the structure of the built environment in
Stockholm and the associated energy consumption is presented.

On average in Stockholm, 1.93 inhabitants live in each apartme(8CB/Sweco 2011) In tablelll
the mix of different apartment sizes in apartment buildings in Stockholm is describethble Il
also present the average sizes of the apartments.

7 Hydropower and wind power were quoted jointly until 1996, after which wind power was quoted
separately.
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Table Il The mix of apartments in Stockholm and their sizes in square mete(SCB 2008)
(Stockholm Stad/Sweco 2013)

Type of apartment Average M Percentage of building
1 bedroom apartment 39 219%

2 bedroom apartment 59 31.9%

3 bedroom apartment 80 245 %

4 bedroom apartment 107 12.7%

5 bedroom apartment 133 5.8 %

6+ bedroom apartment 183 3.2%

4.7.3.a Electricity

In an apartment building there are different measurements for the consumption of electricity.
Two forms of electricity are used in apartment buildings: household electricity and property
electricity. Hbusehold electricity is the electricity used inside the apartments, for example for the
lightning, TV and kitchen equipment. Property electricity is the electricity used for common
features of the building, for example lightning in the stairwell, the liftentilation systems and
washing room(Svebyprogrammet 2012)

There are no good statistical basis for the use of electricity in apartment buildings, only smaller
studies done by property owners and EnergimyndighetdBrSms & WahlstrSm 2008). The
measured figures vary greatly depending on building standard and building year. Property
electricity fluctuates between 5 55 kWh/m2 (EnergirEdgivningen 2013Yhe main components

of the property electriity consumption are ventilation, lightning in staircases, laundry rooms and
lifts (Boverket 2006) The following table show some of the measures from studies made of
property electricity consumption in apartment buildings. TabllV present figures of annual
consumption of property electricity per square metre measured by different property owners and
properties in Sweden.

Table IVResults from five studies measuring the average property electricity consumptic
in apartment buldings (Henriksson& Kellner 2005) (Boverket 2006)

Property owner Property electricity (kWh/m?2 Source

Svenska bostader 2002 25 Boverket, 2006
Familjebostader, Stockholm 2002 27 Boverket, 2006
Stockholmshem, Stockholm 24 Boverket, 2006
Familjebostader, Gothenburg 2000 17 Boverket, 2006

23 apartment buildings, Stockholm 15 Henriksson & Kellner 2005

The figures in table I\give an average value of 22 kWh/m However, these figures vary, and a
new built house today would have at least 35 percent lower property electricity consumption.
Also, an apartment building without common areas and with an efficient heating system can
have property electricity consumptio close to zero(Boverket 2006).

Several studies have also been made regarding household electricity, and the trend is that

consumption of household electricity is rising. The reason for this is that, even though products
like the refrigerator is getting more energy efficient, households are adding more and more
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products to their homes. Therefore, historad studies of the consumption are not reliable. The
common figure for household electricity consumption in apartmeibuildings is 30 kWh/n? per
year. It seems that an apartmenhas a minimum consumption that increases by expanding living
space and by number of people living in the apartmen{Svebyprogrammet 2012) The
consumption also variesdepending on which season it is; in the winter the consumption can be
30 percent above average and in the summer consumption can be 30 percent below average
(Elmroth 2007).

Studies present two ways of measuring the averagetisehold electricity consumption per year.

The first is recommended by Boverket in their handbook OTermiska berSkningarO and presents a
fixed value of 2 200 kWh per apartment andan added value of 22 kWh persquare meter
(Boverket 203). The second recommends éixed value of 2 500 kWh per apartment, and adds

800 kWh per person living in the apartmen{Svebyprogrammet 2012) In later calculations, the
equations from Boverket are used.

Figure 8 shows the consumption divided into different household areas. The largest amount of
electricity is needed for the refrigerator and freezer wit24 percent, followed by lighihg with 21
percent.

Proportion of household electricity by area

13% Refrigerator and freezer

24% Lightning

9% = Cooking

® Dish Washer

2% = Washing machine
5%

/ = Stereo, radio
2% =TV

= Computer

13% = Other

Figure 8 Consumption of household electricitydivided into
different areas (Bennich 2007)

4.7.3.b Heat and water

The biggest producer of district heating in Stockholm is Fortum VSrme, a joint venture owned by
Fortum and Stockholms Stadln 2011, district heating from Fortum was produced from 84
percent renewable sources and 1ercent fossil fuels. In the same yearhe production of one
kwh of district heat emitted 78,9 grams of C£ This value has varied er time, depending on

the amount of fossil fuel used inthe production,as shown in table (Fortum VSrme 2011)It is

not clear why the emissions in the year of 2009 is higher than the emissions from the other
years.
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Table VCQ emissions from production of district heatingFortum VSrme 2011)

District heating 2008 2009 2010 2011
CQe emissions from district heating 88,4 101,8 88,9 78,9
(9/kWh)

In 2005, apartment buildings in Sweda used approximately 28 TWh for heating and hot water.
The usage of energy for heating and water in an apartment building depends on the building
standard. Apartment buildings built before 1980 consume between 170 to 195 kWh/nand
newer apartment buildings from the twentfirst century consume a lower amount of around 130
kwh/m2 (Brdms & WabhlstrSm 2008). When analysing the energy consumption by energy source,
results show that buildings using district heating have an averagersumption of 163 kWh/m2,
building that use heating oil has a value of 247 kWh/éhand building that use electricity has a
value of 132 kWh/mg (Boverket 2006). Average consumption and proportion of heat soced are
presented in &ble VI. Boverket doesot measure the average kWh/ra value from fosil fuel,
biofuel and combinations.

Table VIEnergy used for heat and hot water depending on energy sour&overket
2006)

Energy source Share (%) Average(kWh/m?)
District heating 78 163

Oil heating 3 247

Electrical heating 3 132

Fossil fuel, biofuel and combinations 16 -

In a study made of 140 apartment buildings in Sweden in 2006 an average annual energy
consumption of 168 kWh per square meter living space was maa®gd. The study also shows
that the ten percent of the buildings with the lowest value had a consumption of 119 kWhim
and the ten percent with the highest value had a consumption of 197 kWhMiBoverket 2006).

4.7 .3.c Passivehouses

The residents and the electronic products in a house or apartment generate a lot of heat, and in
order to lower heat consumption, s@alled passive houses are emerging. Passive houses are
built on the principle that this heat should be utilized bluilding houses that are better isolated,
and passive houses are for the most parts heated by the energy that already exists within the
house (Passivhuscentrum 2013) The guidelines set upon a building for it to be called a psige
house is intended to minimize the energy need for heating, and also to minimize the total energy
need. Targets for passive houses vary depending on climate zone of the area were the house is
built. In the south of Sweden, energy use in an apartmentitding excluding household electricity
should be below 45 kWh/m, and in the north of Sweden the number is 55 kWh/in(FEBY
2007).

An example of a Swedish implementation of passive housing is BrogErden. BrogErden is a
residential area in AlingsEs, a small town in Sweden. The area consists of 16 apartment buildings
and 300 apartments. The houses were built during 1970s as a part of OmiljonprogrammetO, a
governmental program with the goal to build one million new residential apaktnts in Sweden.

The houses were built cheap and fast, and as a result, these building are now in need of
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renovations and energy efficient measures. Total energy use decreased from 216 kWhim 76
kwh/m2 per year, a decline of 65 percenfAlings@Eshem 2013)The results from the renovation
are presented in table VII.

Table VIIEnergy use by type before and after renovation at BrogErdatings@Esherr

2011).

Type Before renovation kWh/m?2 After renovation kWh/m?2
Heating 115 19

Hot Water 42 18

Household Electricity 39 28

Property Electricity 20 11

Total energy use 216 76

Total energy use (excluding 177 48

household electricity)

4.7.4 Water treatment

Thewater system in Stockholm is operated by Stockholm Vatten, a municipally owned company,
who produces drinking water for over one million people in the city and neighbouring municipals.
Everyday, a total of 370,000 dof drinking water is produced from twavater treatment facilities

in Norsborg and Lovs. Water is collected from MSlaren, and is thereafter filtered in three steps;
one chemical, one mechanical and one biological filtration. The quality of the drinking water is
secured by constant testing. Evgr year over a thousand tests in different locations are
conducted to ensure that the water quality remains high. The water is then distributed through a
200 Swedish miles long system of pipes to a total of twelve municipals. Wastewater is collected
from eight municipals, amounting to nearly one million people, and is cleaned and treated before
released into the Baltic Sea. Everyday, 335,000 ©rof wastewater is treated, during which
organic sewage in the form of sludge is amassed, and more than 70,000 tonne§ sludge is
amassed in the filtration facilities every year. Historically, the sludge has been considered as an
unwanted byproduct. However, todayOs sustainability mentality has led to the search for usage of
the sludge. One way to make use of the sludgs to use it for biogas production. In 2012, a total

of 15,4 million m3 of biogas was produced in Stockholm from sludgé&tockholm Vatten 2012)
The sludge can then be used as agricultural fertilisation or as forest fertiligat, and to cover up
closed landfills (Svenskt Vatten 2013) When used for fertilisation, over a 100 tonnes of
phosphor is returned to arable soils from the Stockholm water system per year ald&ockhom
Vatten 2012). The sludge is also burnt to generate heat. In 2012, 1,1 GWh of heat was
generated from burning sludge.

4.7.5 Waste treatment

Waste is produced in many different areas. There are waste from industry such as scrap metal,
biomass from lumber works, and other byroducts of all sorts. Waste is also generated in
households. A total of 4,1 million tons of waste is generated from Swedish households per year
(NaturvErdsverket 2010)In Stockholm, the amount of wste per person is 349,2 kg per year.
70,4 kg of the waste is sorted, but the rest (208,4 kg) is thrown away as general waste
(Trafikkontoret 2012). Studies show that the content of this waste consists of 40,4 percent (or
112,6 kg) organic waste (Stockholm Stad 2011) Organic waste can, just as sludge from
wastewater, be used in aerobic digestion to produce methane gas, wahiin turn can be
upgraded to biogas. The upgrading process includes the removal of water, pollutants and CO
(Biogasportalen 2011)
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Most of the generated household waste in Stockholm is burnt to generate heat. As of 2011, only
seven per cent of the organic household waste was used for biogas product{&®tockholm Stad
2013). The amount of energy extractable from household wastes varies; when burnt, one tonne
of waste generates around two MWh of he&Bioenergiportalen 2013) In comparison, one tonne

of heating oil will produce between 10,® 12,7 MWh of heat. This figure varies depending on
what type of heating oil is usedPreem 2012)(Carbon Trust 2011)

Heat production through the burning of waste is considered environmentally friendly, as it is a
process in which the energy is extracted and used instead of discarded. Waste is constantly
produced and has to bereated, and by burning the waste energy is conserved at the same time
as the waste is removed. Also, using waste for heat production replaces other fuels such as
heating oil and natural gas. COemissions from heating oil and natural gas are much greater
than the emissions from the district heating system in Stockholm today. Between 02267 kg

of CQ is emitted per kwWh of heat from heating oil, and from natural gas the figure lies between
0,181-0,203 kg per kWh (EIA 2013) (NaturvErdsverket 2006)This can be compared with the
figure from district heating which in 2011 was 0,079 kg per kWh (see section 4.6.3).

The amount of C® from fuels depends on the amount of carbon stored in it. The amouof
energy produced from the fuel is in turn dependent on the amount of carbon and hydrogen in the
fuel. The reason that natural gas has a lower @@ energy content is because natural gas is
mainly made of methane, which has a high amount of energy cent, compared to other fuels
(EIA 2013)

Through anaerobic digestion, 125 fmof methane is extractable per tonne wastdLinnZ, o.a.
2008). According to Swedish standards of quality, biogas mustntain around 97 percent
methane, and when upgraded to biogas, the energy content is estimated to 9,67 kWh pe&x. m
This can be compared with natural gas, which has an energy content of 11 kWh pe; or
gasoline and diesel, with energy contents of 9,06 an@,8 kWh per litre (Biogasportalen 2011)

So from one tonne of organic waste around biogas containing 1,2 MWh of energy can be
produced.

Targets in Stockholm regarding waste treatment and energy production is to burn 80 perceht
the burnable waste by 2020, and to increase biogas production threefold: from 0,2 TWh today to
0,6 TWh per year by 2030. Challenges that arise are how to improve the sorting and recycling of
waste, by more effectively sorting combustible and organic sta (Stockholm City Council 2010)

4.7.6 Private transports

Private transportation in Stockholm is less used than in comparison with Sweden as a whole, but
still accounts for around 40 percent of the greenhouse gas emissions in the county (Stockholm
City Council, 2010). Both the number of cars per person and thestdince per person is lower in
Stockholm than in the whole country. Per 1 000 inhabitants in Stockholm there are 359 cars. In
the Stockholm county the figure is 390 and in the country 461SCB 2010a) The annual
distance coveredby each car is 13 040 kilometres, which means that every person drives 5 350
kilometres annually. The same figures are 12 740 and 5 630 for Stockholm County and 12 180
and 6 450 for Sweden(SCB 2011a) which means that each cain Stockholm travels further
than in the country as a whole, but the average distance per person is lower. Despite the density
and the efficient private transport system in Stockholm County, cars remain the main mean of
transport, regardless of the distace or purpose, as nearly half of all travels are by car
(Stockholm City Council, 2010).

Distribution of cars in the car fleet in Stockholm is 55,7 percent diesel cars, 32,8 percent

gasoline cars and 11,5 percent of the green vehicles, of which 7,45 perteas ethanol cars, 2,4
percent is gasfuelled cars, 1,6 percent is electric hybrid cars and 0,05 percent is electric cars
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(Trafikanalys 2012) Diesel is a bigger polluter of GQhan gasoline, but as the consumption of
dieselis lower than the gasoline consumption, diesel proves to be more environmentally friendly
than gasoline when measuring CGQemissions. Diesel cars in Stockholm emit on average 2,48 kg
of CQ per litre and gasoline cars on average 2,24 kg G@er litre (Konsumentverket 2011) The
consumption rate on average for diesel cars is 0,69 litres per ten kilometres and for gasoline
cars the rate is 0,85 litres per ten kilometregSCB 2011b) This means the C®emission per ten
kilometres for gasoline cars is 1,9 kilos, and for diesel 1,71 kilos.

The diesel and gasoline cars are the biggest polluters in the Stockholm car fleet. But green
vehicles emit C@as well, if not through the burning of fuels then thrah the consumption of
electricity. The emission rate of gas cars varies much depending on several variables. The weight
of the car, speed, manner of driving and traffic situation all contribute to the variation in fuel
consumption. Comparing different camodels gives the average fuel consumption. A survey of
32 gas car models reveals that the emission rate varies between 76 and 164 grams per
kilometre, with an average of 130 grams per kilometre. The reason that gas car emit relatively
much CO is because thy are not always run on biogas but rather a combination of natural gas
and biogas. A similar survey of 30 electric hybrid cars show that the emission rate lies between
79 to 116 grams per kilometre, with an average of value of 98MiljSfordon 2013). Ethanol cars
emit different amount of CQ depending on what proportion of ethanol is used. A car driving with
100 percent E85 emits 96grams per kilometre, if the proportion is 62 percent E85 and 38
percent gasoline; the emission idncreased to 139 grams per kilometre(Trafikverket 2012)
Electric cars run entirely on electricity, and the amount of €ftom the electric cars depend on
the CQ emission from production of electricity. If the emission ratef CQ per produced kWh, the
emission rate from electric cars are subsequently increased. Tablllshow the emissions of C©
from different car types.

Table VIIIAmounts of C@emissions for different cars
depending on fuels.

Cartype Emissions Unit

Diesel 1,71 kgCQe/kWh
Gasoline 1,90 kgCQe/kWh
Ethanol 0,96 kgCQe/kWh
Electric hybrid 0,95 kgCQe/kWh
Gas 1,3 kgCQe/kWh
Electric 0,04 kgCQe/kWh

Consumption rate in electric cars varies depending on the same variables as with other cars, and
the average consumption is also dependent of car model. Figures betweeBb2]5 kWh per ten
kilometres have been identified in different literatur§NEP 2010)(Dalakraft 2012). As the C@
emissions from Swedish electricity are low compared to our Nordic neighbours, and even lower
when compared to Euspean emissions (see section 4.2), electric cars in Swedn prove more
environmentally friendly than in the compared regions.

Targets for Stockholm County is to decrease £€@missions by 65 percent from the transport
sector by 2030, and at the same time reduce the energy consumption by 20 percent. To meet
these targets, both the travel habits of the inhabitants and the reliance on fossil fuels must
change. Public transportatin must be developed, and more efficient and clean vehicles must be
introduced (Stockholm City Counci010).
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5 Survey

This report hasconducted a survey of Ecocity initiativearound the world. The ainwas to identify
and document the historic and geographicdevelopment of current Eocity initiatives, and to
evaluate their characteristics The aspects and area®f improvement in the initiativeshave been
compiled into eleven parametergin this report also referred to as Oaspects andemsO)and the
result will show which prameters are the most commornn Ecocity initiatives. The results provide
material for the modelling of the fictive Ec®istrict in Stockholm and the definition of the Ecocity.

Threelimitations related to the study have beeridentified: the used search tools, search terms
and the reliability of documentation found.For the study, only online search tools have been
used. The tools used were Google, Google Schol8pringerLink and SciencedirectAlso, while
conducting the survey, only English search terms have been usadd subsequently, onlyEnglish
documents have been studiedThis might prove dimitation of the survey,as the survey may not
have captured information inother languagesthan Erglish and from other sources than the used
search tools This is especially noticeable in Asianitiatives, since many websiteshave been in
Chinese,Japaneseor other Asian languagesHowever, to conduct a more thorough survey by
analysing documentationsin other languages and using other, less accessible sources, would
prove too time consuming for this report to make.

Furthermore, when searching for information aboutEcocity initiatives no selectionwas made

regarding the publishing date of the mateial. Also, equalimportance has been attributed to
documents fran the planning phase of a new Ecdty initiative as from the evaluation of a
created Ecocity, and o difference betweenaspirations and actual implementation has leen

made. It may therefore beso that certain Ecccity initiatives have not fulfilled thenitially planned

scope or depth, something the survey might have disregardethis is however not a problem
with regards to the aim of the survey, as the aim is to provide insight into the amtniis of the

initiatives, and not to evaluate the exact implementations of each initiative.

5.1 Parameters
Based on the literature study, eleven parameters have been identified as common areas and
aspects of improvement in Ecocity initiatives. These eleven parameters are presented below, as
is an explanation of their criteria.
CQ target

I Does the initiativeset up targets for decreasing C£emissions?
Criterion: targets and measurg are taken to reduce C© emissions in the initiative. Certain
initiatives implemented energyefficient buildings and more public transpds, but did not state
clear CQ emissiontargets. In these cases, the initiative was considered not tmve fulfilled the
criteria, but criterions for transport and city planning was fulfilled.

Renewable energygoal

I Does the initiative implement or intend to implement renewable energy soescand do
they state a goal with themplementation?

Criterion: measures are taken to increase theamount of renevable energy in the energy mix. The
Ecocity initiative has a clearly stated goal with the implementation.
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Waste management

! Does theinitiative implement or intend to implement advanced waste technology?
Criterion: targets and measures are taken to reduce waste generation, improve waste treatment,
improve waste collection and/or implement new usages for waste such as biogas productan
heating.
Water management

! Does the initiative implement or intend to implement advanced water technology?
Criterion: targets and measures are taken to reduce water consumption, increase reuse of water,
improve storm watertreatment and/or use sludge for biogas production, heating, dntend other
new usage for byproducts of wastewater.

Transport

I Does the initiative implement or intend to implement new, more environmentally, ways of
transportation?

Criterion:; targets and measures are taken to improve public transports, implement better
technologies and to better plan the transportation system.

Land use

I Does the initiative create or intend to create more green areas and/or plan better land
usage?

Criterion: targets and measures are taken to increase the amount of green areas in the initiative,
and/or restore damaged or destroyed green areas.

Air Quality
I Does the initiative set targets for reduction of air pollution and/or better air quality?

Ciiterion: targets and measures are taken to improve the air quality and reduce air pollution,
either by implementing technology or reduce emissions.

Built environment

I Does the initiative aspire to build energy efficient buildings and/or implement smarter
city design?

Criterion: targets and measures are taken to improve the design of the city, to build energy
efficient buildings and/or use environmentally friendly building materialand/or increase the
density of the city.

Heating & cooling

I Does the initiative implement or intend to implement district heating and cooling?

Ciiterion: targets and measures are taken timplement or improve current district heating and
cooling systems.
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Civic empowerment
I Does the initiative work with or intendo work with citizen behavior?

Criterion: targets and measures are taken to change citizen behaviour through information
campaigns and/or education.

Smart gid
I Does the initiative implement or intend to implement smart grid technology?

Criterion:targets and measures are taken to implement smart grid technology.

5.2 Methodology
Following is a description of the course of action taken to perform the survey.

1. Selection of Ecocityinitiatives
The basis forthe study is a list of Ecoity initiatives collected from:

¥ EcoCitiesb A Global SurveyJoss, Tomozei& Cowley 2011)

¥ Finding Fractals: Identifying elements of the Ecocitipownton 2009)

¥ EcoCity Governance: A Case Study of Treasure mlaand Sonoma
Mountain Village (Joss 2011)

From thesearticles, 180 Ecocity initiatives were identified(see appendix Aland studied in the
survey.

2. First screening of Ecocities

During the second step an examination of the 180 Encity initiativeswere conducted to evaluate
the amount of sufficient information available, andthe reliability of the informationin order for
the initiative to be examined further Internet searches were conducted through Google,
SpringerLink,Google Scholar and Sciencedirectf there was not suficient amount of data found,
or the reliability of the data could be questioned, the initiative was excluded from further study.

3. Evaluate the Ecocitieshased on the 11 parameters
From the original 1® initiatives examineddata of enough quantity and reliability to be analysed
further were found for 67 initiatives. These initiatives werexamined to identify which of the

criteria of the eleven parameters they fulfilledFor a complete list of the documents studied,
please see Appendix B.
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6. Results from survey

In this chapter, the results of the survey are presented. A discussion will follow, as will the
definition of the Ecocity and the evaluation tools this report makes.

6.1 Global spread of the Ecocity

Number of Ecocity initiatives by continent

Africa 7
Asia 42
Australia 5
Europe 77
North America 21
South America 5

China 23

Figure 9 Number of Ecocity initiatives per continent

Figure 9shows how many of the 180 examined Ecocities are located in each continent. China is
categorized separately. This figure shows a global spread of the Ecocity, but it is not an even
spread. The Western World is clearly ahead of the poorer continents Afigcel South America.
The same phenomena can be found in Asia. A closer examination of the Asian Ecocities (see
Appendix A) reveals that out of the total 65 Asian (including China) Ecocity initiatives, only two
can be found outside the richer and faster deveping Asian countries of South East Asia and
India: one in United Arab Emirates and one in Jordan. The rest are located in China, Japan, South
Korea, Taiwan, India, Indonesia and one in the Philippines. Europe is at the top of the list with 77
Ecocity infiatives. Interesting to see is that in Africa there are seven initiatives, a higher number
than in South America.

6.2 Examining the global Ecocity characteristics
6.2.1 Globally

From the original 180 initiatives examined, data of enough quantity and reliability to be analysed
further were found for 67 initiatives (see Appendix B). Several conclusions can be drawn from the
analyses of the results of the examination. None of the Afan Ecocities provided enough data to
be studied further.

Figure 10 shows the amount of initiatives incorporating the eleven aspects and areas. The five
most common efforts amongst the studied Ecocity initiatives are waste and water management,
city planning, renewable energy and transport. Land use, heating and cooling and @@gets are
fairly common, with between 58 63 percent of the initiatives including these areas and aspects
in their action plans. Half of the initiatives work with civic empowaent, and only a little bit more
than one third has set up targets for air quality. Most uncommon is the smart grid technology, as
only 18 percent include implementation of smart grids.
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Percentage of initiatives including the different apects
100.0% 1
80.6% 77.6% 79.1%
71.6%
2.7% 64.2%
62.7% 61.2% 58.20
50.7%
34.3%
I 17.9%
0.0% - - - - - - - - - - - l
CO2 target Waste Water Transport Renewable Land use Air quality Built Heating and Civic Smart grid
management management energy goal environment  cooling empowerment

Figure 10 The number and percentage of Ecocity initiatives to ta&k measures in the
different subsystems and areas of the city.

As can be seena relatively low amount of initiatives are targeting decreased £€@missionsas a
consequence of the climate change. A higher number of initiatives actively working with
improving air quality would also not be surprising, as air pollution is a lhigalth problem in many
cities. But the data presented in figure 10is not sufficientto draw any such conclusions. For
example, a conclusion would be that air quality is not something many initiatives aspire to
improve because most Ecocities already have very good air quality.

Number of Ecocity areas and aspects included in
Ecocity initiatives

*+,-./'01"2324546.7"
1
1
|
1
1
1
1
|
1
1
1
1
1
1
1
1
1
1
1
1
1
1
|
1
1
1

T2
1
1
1
1
1
1
|

+ %
—
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

" #" $" %" & " " )" eif [E
Number of areas and aspects

Figure 11 The number of aspects and areas included in the
Ecocity initiatives

Figure 11 shows how many areas and aspects the 67 Ecocity initiatives include in their plans.
Most commonly, initiatives work with improving five areas and aspects, and around 80 pearcof

the initiatives include five aspects and areas or more. However, there are 14 initiagvthat
include only between one to fouaspect and areas. The figure shows how different the Ecocity
initiatives are concerning broadness and ambitioiThe Ecodyy initiatives only improving one or
two areas and aspects are hard to diversify from simple city improvements. There might not even
be an Ecocity aspiration behind those initiatives. While improving five areas and aspects is
better, it is also still far fom the type of initiative the Ecocity concept requireQuestions ariseas

to the dedication of these initiatives, and the reason fdabelling them Ecocities. Clearly, there is

a great gap between the original philosophies and ideas behind the Ecocity concept and many of
the real world initiatives.
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Aspects and areas included in average per

continent
11.0 9.3
5.3 6.2 55 6.5 6.5
0.0
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America Average

Figure 12 The number of aspects and areas included in the
Ecocity initiatives on average in each continent and the global
average.

Figure 12 presents the global average and the average of each continent of how many of the
eleven aspects and areas the Ecocityitiatives include. South America is excluded from further
study, as there was only one South American initiative examined which is not enough to draw any
conclusions about South American initiatives in general.

The figure shows thathere is a great diference between North American Ecocity initiatives and
the rest of the world North American Ecocity initiatives include 9,3 of the aspects, while Europe
(the second best) only include 6,5. The difference between the Asia, China, Australia and Europe
is minor. European initiatives include on average only 1,2 more aspects and areas of
improvement than Asian initiatives, which has the lowest amount with 5,3.

To analyse the geographic traits further, the following sections present deeper analysis of the
continental diversities and historic development of each aspect and area.

6.2.2 Asia

Asian Ecocity initiatives (excluding China)
Totally 12 Ecocities studied

100% 92%

58% 58%
50% 50% 4904

Figure 13 Percentageof Asian Ecocity initiatives to include
the different aspects and areas.
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Figure 13 presents the Asian Ecocities, where the main area of improvement is waste treatment.
Improving waste management seems to be very common in the Ecocities initiatives in general,
but in Asia it stands out as the single most common aspect Ecocity initiatives inclugi2.percent

of Asian Ecocities are improving their waste management systems. About every second initiative
are working on improving water management, transport systems, increasing green fields, and
two thirds are implementing better city planning throughidher density housing and more
efficient buildings. Air quality, heating and cooling, civic empowerment, renewable energy and
smart grid are the least common areas of improvement in Asian Ecocity initiatives.

6.2.3 China
Chinese Ecocity initiatives
Totally 6 Ecocities studied
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100% 7 679  67% 67% 67%
50%
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Figure 14 Percentageof Chinese Ecocity initiatives to
include the different aspects and areas.

Figure 14 presents the Chinese Ecocity initiatives, which are more ambitious than other Asian
Ecocity initiatives in most of the aspects and areas. All of the inifiads examined are improving
water management systems, and over 80 percent are improving city planning and implementing
renewable energy sources into their energy systems. Two thirds of the Chinese initiatives are also
working on improving waste managementeducing CQ emissions, improving transport systems
and integrating more green fields. Only in heating and cooling, civic empowerment and smart grid
implementation are the Chinese behind the other Asian initiatives. None of the initiatives in
China are inplementing smart grid technology. Also, working with the citizens in changing
behaviour and education seem to be very rare in Chinese initiatives, and that might not be so
surprising with regard to the Chinese political system.

6.2.4 Europe

Figure 15 presents the European Ecocity initiatives. Amongst the European initiatives there is no
area that is notably a more frequent area of improvement. This might be due to that many
European initiatives are EWased, and are therefore similar in character. City aining,
renewable energy, waste management, water management and heating and cooling
improvements are most common. Working with the public is interestingly not that common: only
42 percent of the initiatives are actively working on changing citizen behawioSmart grid is also
guite uncommon to be implemented, as is improving air quality. One explanation that the
frequency of air quality improvement is so low in Europe might be that air qualities are in general
pretty high in Europe.
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European Ecocity initiatives
Totally 32 Ecocities studied
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Figure 15 Percentageof European Ecocity initiatives to include
the different aspects and areas.

6.2.5 North America

Figure16 present the North American initiatives. They are by far the most ambitious initiatives as
they most frequently include the dierent aspects. They have the highest ratio of all the aspects
except water treatment implementations, where Australian initiatives rate higher. Also, around
four out of ten initiatives are working with implementing smart grid technology, a number much
higher than any other continents, revealing that North American initiatives are more high tech
than others.

North American Ecocity initiatives
Totally 12 Ecocities studied

100%

100%
100% - 2% 92% 83% 83% 83% 7504 83w 92%

42%

Figure 16 Percentageof North American Ecocity initiatives to
include the different aspects and areas.

6.2.6 Australia

Figure 17 present the Australian Ecocity initiatives, which are less witdanging compared to
Chinese, European and North American initiatives. All of the four initiatives examined are
implementing better water management systems, which might not be surprising as Aak# is a
continent with scarce water supplies. Although a warm continent, none of the initiatives are
improving cooling systems. Land use is only discussed in one initiative, as is air quality2 CO
emission targets only exist in two of the four initiatige and none are implementing smart grid
technology.
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Australian Ecocity initiatives
Totally 4 Ecocities studied

100%
100% 75% T75% 75% 75%
50% 50%
25% 25%

Figure 17 Percentageof Australian Ecocity initiatives to include
the different aspects and areas.

6.2.7 Comparison

Comparing the continents to each other, interesting conclusions can ldeawn. Most common
aspects in all initiatives on all continents are waste management, water management and city
planning. The amount of initiatives including these areas of improvement is not less than 67
percent in any continent except Asia, where 5%ercent of the initiatives include water
management. Renewable energy is also common on all continents, except Asia where only 42
percent of the initiatives implement renewable energy sources. But this trend is found concerning
most areas and aspects, for exaple transport, as Asian Ecocity initiatives are the least
ambitious.

Heating and cooling improvements vary greatly between continents. North American and
Europeanfrequently include these aspects, whe Asian, Chinese and Australian initiativesonQt
None of the studied Australian initiatives include these improvements, which is interesting as
Australia has such a warm climate. In Asia excluding China one third of Ecocity initiatives include
heating and cooling improvements, and in China only 14 percedues.

CQ targets are surprisingly rare across all continents. Only in North America is it frequent, as
more than 70 percent of the initiatives includes clearly stated GQargets. Chinese initiatives
include it more often than European ones, a fact thanight be surprising as climate change and
greenhouse gas emissions are regularly discussed in Europe, where EU has set up ambitious
targets about 20 percent reduction of Cg€emissions by 2020(Stockholm County Council 2010)

Air quality is notsurprisinglymore frequent in areas where air quality is a big problem such as in
China (Hao & Wang 2006) 50 percent of Chinese initiatives include goals for air quality
improvements, and in the rest of Asia only 17 percent of the iigtives does. Instead, North
America has a ratio of 92 percent and air quality is therefore clearly much more common in North
America than anywhere else. European and Australian initiatives only include measures and
targets in 25 percent of their Ecocitynitiatives.

Smart Grid technology is a recent invention and it might therefore not be so surprising why so few
initiatives implement it. Ecocity initiatives that were started before smart grid technology was
developed could of course not plan to impleménit, and that might be the most obvious
explanation for the low ratio of smart grid implementation in the Ecocity initiatives. North
America, with the highest ratio of initiatives implementing smatrt grid technology, has a ratio of 42
percent.
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Civic Empaverment is also quite uncommon in all initiatives except the North American ones,
where 92 percent of the initiatives are working with changing behaviour. Interestingly, only 44
percent of European initiatives have or are working with civic empowerment.isTimight be
explained by the fact that many initiatives in Europe are initiated on higher levels of government,
and therefore the role of the public is not concerned in the same way as if the initiative was city
based.

Figures 1217 provide insight into the general characteristics of the Ecocity initiatives by their
geographical area. It would however be wrong to suggest that all European or Asian Ecocity
initiatives are less ambitious than North American ones based on these figures. There could be
single initiatives that are not recognised in these figures, as less ambitious initiatives on the
same continent affect the statistics.

Table IXTop 20 ambitious Ecocity initiatives worldwide, including between nine an eleven
the total eleven aspects and areas of their initiative.

Top 20 Ambitious Ecocity initatives

Initative Country Continent Aspects and areas included

Malmo Sweden Europe 11
Stockholm Royal Seaport Sweden Europe 11
Alexandria USA North America 11
Toronto Canada North America 11
Treasure Island USA North America 11
Hammarby Sjostad Sweden Europe 10
Masdar UAE Asia 10
Bicycle City USA North America 10
EcoVillage Ithaca USA North America 10
Green City Blue Lake Initiative USA North America 10
PlaNYC USA North America 10
Sonoma Mountain Village USA North America 10
Vancouver Canda North America 10
Fujisawa Sustainable Smart Town Japan Asia 9
Kaohsiung Taiwan Asia 9
Songdo International Business District South Korea Asia 9
Tangshan Bay (Tangshan Caofeidian) China Asia 9
Glasgow UK Europe 9
Whitehill-Bordon UK Europe 9
Portland USA North America 9

Table IXshows the top 20 ambitious Ecocity initiative, including between nine and eleven of the
totally eleven aspects and areas in their initiative plans. Ten are located in North America. This
correlates with the fact that North American Ecocity initiatives are the mosnhitious in general.
But table IXalso reveals three of the top 12 Ecocity initiatives arecated in Sweden, an insight
the previous figures did not give. Also, four of the initiatives on the list are located in Asia, while
only two are located in Europe (excluding Sweden). None of the initiatives are located in
Australia, and only one is locad in China. This list shows that isinot possible to draw more
than generalconclusions about all Ecocity initiatives on the same continent from figuré2-17

and that the level of ambitionof the initiativesvaries within continents as well.
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6.3 Historical trend of Ecocities

This section presens the results of the historic analysis of the Ecocity initiatives.

6.3.1 Overall historical trend

Figure 18 show the historic development of the global Ecocity phenomena since it was first
conceptualizedin 1987. The exact year each initiative was commenced has been identifiable in a
total of 133 initiatives. The starting year of the rest of the initiatives were not found because the
documentation did not state an exact year or any reference to a certagtarting point, or
documentation did not exist at all. The columns show the commenced initiatives per year and
the graph the accumulated amount if initiatives over time.

Amount of new Ecocity initatives per year and accumulated amount
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Figure 18 Historic trend of the Ecocity. The figure shows the number of commexttEcocity
initiatives per year globally and the accumulated amount of Ecocity initiatives.

Figure 18 show that the Ecocity concept has experienced a boom since the early 20000s. The
amount of newly started initiatives is much greater during the 20000s than the decades before,
with the greatest amount of initiatives commenced in 2008 and 2009. From 1987 to 20D only

13 initiatives were commenced, and 12thave been commenced since. Whether the amount of

commenced initiatives will remain steady, or if the reduction in 2010 and 2011 is a continued
trend, remains so to be seen.

The sudden boom of initiatives araoad the year 2000 might be explained by the increased global
interest in the concept. It might be that the spread of the concept led to initiatives being started
more globally, which led to the sudden increase. The next section will examine the historic
development per continent to see if there is any truth to this theory.
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6.3.2 Historical trend by continent

Figures 19shows the historic trend by continent. Australian Ecocity initiatives are excluded since
the starting year of the four studied initiative could not be identified. South American initiatives
are again excluded as only one initiative was studied. The figure illustrates how the Ecocity
concept has grown quite evenly across the world. There is no continent that commenced a large
amount of Ecodty initiatives before any other continent, but sporadic initiatives were commenced
in Europe and North America during the 19900s. But as more European initiatives were
commenced, the trend in North America was different, with a few initiatives being commed in

the 19900s and none during the first part of the 20000s. In the late 20000s however this trend
changed and North American initiatives has been started every year since 2007. Only one Asian
Ecocity initiative was commenced before 2000, but a contimus amount of initiatives have been
started since 2001. The same trend is identified in China.
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Figure 19 Commenced Ecocity initiatives annually by continent.

The theory regarding the reasons for the boom in Ecocity initiatives during the 200pf@sented
shortly in the previous section is to certain extent correct, as the global interest in the Ecocity
concept spread to China and Asia during the early 20000s. However, another reason for the high
amount of Ecocity initiatives after the year of 20D is the sudden increase of initiatives on
individual continents. The great number of initiatives started in Europe and Asia in 2001, 2002,
2005, 2008 and 2009 are examples of such sudden continental booms, and they are most likely

a result of governmentsor other authorities initiating sustainability projects, for an example the
EUfunded ECOCITY projects of 2002 and 2005 and the Ecocity developments initiative by the
Japanesegovernment in 2009 (Joss 2009).

Figure 19 also shows that the North American Eacity initiatives are generally newer than on
other continents. 13 of the North Americarnnitiatives showed in figure 19are started 2007 or
later, which might be anexplanation as to why North American initiatives are more frequently
implementing smart gid technology than others.
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6.3.3 Historical trend of aspects and areas of improvement

Ambition over time
Number of aspects and areas included during different time periods
7.6
6,5 6,4

4.8

1992-1996 1997-2001 2002-2006 2007-2011
Period

Figure 20 Number of aspects and areas included on average in the
initiatives during different time periods

Figure 20 shows the average number of aspects and areas the initiatives have included during
four time periods of five years each. These statistics are based on a total of 49 initiatives. The
figure shows that ambitions were higher during the early 19900s, to deeliuring between 1997
and 2001. Since then, ambitions have increased. So while the number of initiatives has
increased from the year 2000 onwards, so have the ambition of the initiativedn average
initiative started between 19972001 is not as ambitious as one started after 2007, and the
performance of these two initiatives must therefore be different. This difference might be further
increased by the fact that technology and innovations of 1997 probably are obsolete in
comparison with technology and inovation of 2011.

6.3.4 Historic analysis of the areas and aspects

Figures 21-23 show findings about the historical trend of civic empowerment, smart grid
technology and air quality. These are discussed as their historic patterned differs from the othe
eight aspects and areas, which are equally frequent during the time period. To view the historic
figures of the areas and aspects not presented here pleasee Appendix EThe black columns
show the number of initiated Ecocity initiatives per year, buhly those initiatives this report were
able to identify both the starting year and information about areas and aspects of improvements.
The total amount is49 Ecocity initiatives. The graph below shows the amount of initiatives
working with civic empowermet per year.
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Figure 21 Historical overview of the frequency of Civic empowerment measures in the
Ecocity initiatives.

Figure 21 shows how the frequency of civic empowerment measures hasaried in Ecocity
initiatives. Civic empowerment measures was common in the early Ecocity initiatives from 1987
to 1995, but declined in occurrence during the second half of the 19900s. Since 2000, it has
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been included in more and more initiatives, and ding 2010 and 2011, only one out of six
initiatives disregarded civic empowerment in their plans.

One possible explanation as to why civic empowerment has a higher frequency in the initiatives
commenced in the late 19800s and early 19900s than between 82907 is that early Ecocity
initiatives were likely norgovernment run initiatives instead initiated by local authoritiesor
private entities such as local inhabitants or activistdt is likely that when the civic itself is the
force behind the initiatve, the civicempowermentis of great importance. This can be combined
with the discussion about civic empowerment in sections 6.3.7 and 6.4.2 about civic
empowerment being less frequent when higher levels of governance initiate the Ecocity
initiatives. Asthe initiatives in greater extentbecame governmentrun initiatives, so did the
behavioural aspect of the Ecocity decreased in frequency. For example, in 2002 and 2005 when
the EUfunded ECOCITFyrojects were initiated, almost none of them aspired to acowplish
greater environmental results by engaging inhabitants into changing behavioural patterns. But
during the later part of the 20000s, civic empowerment seem to have increased in frequency,
which might indicate that even higher levels of governance raguze the importance of the civic

to succeed.
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Figure 22 Historical overview of the frequency of air quality targets and measures in the
Ecocity initiatives.

Figure 22 shows how air quality targets have varied in frequency during the time period since
1987. In general, air quality has been quite uncommon in the initiatives. In the late 19800s and
early 19900s targets and measures to improve air qualities were part of theiatiteOs goals, to
then almost disappear until the last part of the 20000s. As discussed earlier in section 5.2.2, air
guality targets and measures does not appear more frequently in Ecocity initiatives located in
areas where one could imagine air qualitymprovements are very sought after, for example in
China. Instead, they appear frequently in North American Ecocity initiatives. This fact, combined
with the fact that the North American initiatives have to great extent been initiated during the last
part of the 20000s, might explain why air quality targets and measures have increased in
frequency during the last years.

Figure 23 shows how the implementation of smart grid technology varies over the time period
since 1987. The first Ecocity initiative aimig at an implementation of smart grid technology was
initiated in 2006, and since then the frequency has been regular. The figure illustrates how the
relatively new technology has still yet to be implemented in a greater proportion of the new
Ecocity initidives.
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Figure 23 Historical overview of the frequency of smart grid technology in the Ecocity
initiatives.

Figures 923 provide insight into the historic and geographical development of the Ecocity. One
important conclusion is that the Ecocity initiatives are different on different continents. Table 1
show that even though common traits of Ecocity initiatives by continezdan be found, there are
differences between individual initiatives on each continent, which makes it hard telling the
characteristics of an initiative without thorough examination.

Another conclusion is that the characteristics of the Ecocity initiativary with time. For example,
initiatives are more ambitious now lan before as shown in figure 20 Ambitions were lower
between 1997-2001 than it has been during for example the last ten years. The interest in
individual aspects and areas also vary with time. Today, civitnpowerment seemsto be an
aspect on the rise,as doessmart grid technology. New technologies are implemented, and new
views and paradigms of the role of the public arise. The most common areas of iny@ments
are waste and water management, transports, city planning and renewable energy, and these
areas have constantly been occurring in Ecocity initiatives.

Also, several possibleexplanations arise for certain aspects of the historic and geographic
development, for an example why air quality measures in Europe occur so seldom, or why civic
empowerment measures in Chinese Ecocity initiatives are even more rare. However, these
explanations are not more than speculations and cannot be confirmed by the udis of this
study.

6.4 Definition of the Ecocity

This section introduces a new definition of th&cocity, whichthis report has created First, the
issues related to defining the Ecocity and the definition that exists todaydscussed, then the
new definition is introduced and elaborated, and last motivation for the new definition is
discussed.

6.4.1 Background

From the literature study and the results of the global survey, it is clear that there is a great
difference between the original definitiorof the Ecocty and the general characteristics of the
real world Ecocityinitiatives. The term seems to be applied to initiatives without regards to the
original ideas and concept, and Ecocity initiatives come in many forms and shap€ke original
concept, defined by the Richard Register and the Ecocity Builders, is very ambitious if not
utopian, and creating a city that is totally sustainable and environmentally neutral in every aspect
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may seem faretched today. In comparison, the real initiativeare far from reaching that goal as
even the most ambitious initiativedail to fulfil the Ecocity criteria.

The initiatives are also very different from each other. Comparing continental traits reveal
differences in ambition and broadness of the initiatives. Ese differences are also found
between initiatives on the same continent. As the characteristics of the initiative are determined
by the cities or settlements® prerequisites and the goals of the individual initiatives, there are
differences between every a@ir of Ecocity initiatives chosen for comparison. Furthermore, the
characteristics of the Ecocity vary with time, as new technologies and paradigms arise.

A possible explanation for this phenomenon ihat the Ecocity concept has been equalized with
sustainability. As sustainability has gotten global momenturmayban sustainability developments
have become more frequent, and manynitiatives choose to adopt the term Ecocity as it is
increasingly used to denote sustainable urban initiativeBut although the ultimate goals of
sustainability and the Ecocity are similarthe conceps differ from each other. The Ecocityiew
the whole city system, denoting a city that is completely ecologically neutrakvery aspect while
sustainability can be applied to sigle aspects and areas of a cityThis is a fundamental
difference between the two conceptsThe increased adoption of the term Ecocity might in the
long run prove destructive for the Ecocity concept, as it could dilute the meaning of the term
further.

These conclusions form the foundation of the Ecocity definition this report makes. The report
agrees with research claiming it to be very complex and maybe unnecessary to define the Ecocity
too narrow. The Ecocity is about reaching a goal, but does not sayhat way the goal should be
reached. Therefore, the definition does not state in which way an urban settlement should reach
its goals more than in a general terms.

6.4.2 Defining the Ecocity

To solve the situation of a theoretic concept far from theharacteristics of the real applications

of it, this study introduces two definitions of the Ecocity. The first, simply called OThe EcocityO, is
based on the original concept and ideas presented by Richard Register and the Ecocity Builders.
The second onecalled OEcocity projectO is based on characteristics of the real world initiatives,
identified through the global survey. The definitions are presented further in the next two
sections, and motivations for the two definitions follow afterwards.

6.4.2.a The Ecocity

This report defines the Ecocity the same way Richard Register and the Ecocity Builders originally
defined it. An Ecocity according to this report is therefore an ecologically healthy urban
settlement, not affecting the ecosystemof which the settlement is part in any negative way, nor

any other ecosystem or the global ecosystem as a whole. This means the city should be
ecologicallyneutral (or positive) in every city subsystem. The city system should be in balance,

and no resourcesare depleted or extractedat a higherrate than nature can recreatethem.

This definition is as stated very ambitious, but this report sees no need to redefine the Ecocity
and make it a less utopian concept. By making a clear definition, there is no misconception
about the meaning of what an Ecocityis, and the ambitious meaningforces initiatives aspiring to
becomeEcocitiesto set ambitious targets.
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6.4.2.b The Ecocity project

As there exist no Ecocity fulfilling the criteria of the original ideas and concepis report makes
the definition of the existing Ecocity initiatives akcocity projects These are defined as urban
development initiatives with environmental targets and goals achieved through a broad range of
improvements in different aspects and areasf the urban system. What these Ecocity projects
have in common is their effort across many subsystems of the city, aiming at reaching an
environmentally friendly city model. The initiative should also have ambitious goals, putting effort
into reaching bdter results through the implementation of new technology. To summarize, an
Ecocity project should be a project that:

¥ Takes measures across several areas of the city systerio be labelled an
Ecocity project, the initiative should put effort into many défrent areas of the city. A
sustainability initiative focusing only on waste management or renewable energy should
therefore not be considered an Ecocity project.

¥ Implements modern technologyThe Ecocity initiatives are all using technology as a
way to each higher efficiency and a decrease in the environmental impact. But as
technology advances, so does the possibilities. The achievable improvements in
emissions and energy consumption today were not possible a decade ago. This means
that an Ecocity initative that implemented hightech waste or water management
systems ten or twenty years ago, are now obsolete compared to new Ecocities. As the
Ecocity should reach very ambitious goals, this report argues that an initiative aspirating
to be labelled an Ecaoity project should implement modern technology.

6.4.2.c Motivation

The reasons for making two separated definitions, one that is based to the original concept and
one that is based on the real initiatives, are manyirst, it would be of no use having a definition
that does not apply to any real settlement. At the same time, to not take inspiration from the
original ideas would mean abandoning the original concept. By introducing two separate
definitions, none of the elemats of the Ecocity concept and the initiatives are lost or
disregarded, and the confusion regarding the meaning of &EcocityO is resolved.

Second it diversifies the concept from sustainability anather environmental concepts. If the
concept looses its original meaning, it risks becoming useas a label to denote sustainability
and certify environmental thinking and actions; actions that might not really be in line with the
Ecocity concept. Agliscussed in section 6.4.1, characteristics of many initiativeday far from
those of the original Ecocityconcept Theseseparated definitions ensurethat initiatives labelled
as OEcocity projectsO are ambitious and true to the original concept.

Third, the new ddfinition removes the problem of cities having individual prerequisites affecting
the characteristic of the initiative. As long as the initiative is putting effort into improving several
aspects of the city, the initiative is labelled as eRcodty project.

Fourth, it presents a new way of certifying urban sustainability initiatives as Ecocities. This report
introduces a system for labelling and evaluating Ecocity initiatives. For this, see next section.
6.5 Evaluating the Ecocity

When presented with tle task of evaluating the Ecocity, it is a natural desire to measure it in

numbers. But measuring such a complex system as a city quantitatively, with all its subsystems
and the interconnection between these, becomes a very difficult task. But although buwd be
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very difficult, a quantitative study would is possible to conduct. The measurement of energy
consumption of a city can be done, but would take a lot of work. However, there are other factors
that are harder to measure. Social factors, such as wleing and happiness, are factors that
arenOt as easily quantifiable, and therefore, it proves very complex to measure all dimensions the
Ecocity in numbers.

Furthermore, as each Ecocity initiative has its own preconditions and its own goals, there is no
shared goal expressed in numbers or figures between the initiatives, such as reduction of
emissions, energy consumptions, making a numerical comparison between Ecocity initiatives
pointless.

Ways of quantitatively measure a cityOs environmental performamas been introduced in the
literature study, as are the difficulties of quantitative studies, and this report will not elaborate on
this further. Instead, this report focus on the problem of telling immediate traits of an Ecocity
initiative, and evaluatng what makes the initiative eligible to be labelled an Ecocity project. There
needs to be ways to quickly assess an Ecocity initiativeOs characteristics, even though cities and
initiatives are all different. Therefore report discusses the idea of a systashcertification for the
Ecocity initiative, presented in the next section.

6.5.1 System of certification

This report introduces a new way of certifying Ecocity initiatives. The background to this new
system is the different usage of the term Ecocity.e8eral initiatives worldwide are labelled as
Ecocities despite haltered improvements and low efforts. Others are more ambitious, but none of
the studied initiatives are real Ecocities. Furthermore, if any urban environmental initiative is
allowed to labelitself as an Ecocity, aspiration to improve further might be impeded. As this
report has shown, several Ecocity initiatives are not putting effort into more than a couple of the
eleven different aspects or areas of the city. Clearly, there should be somaywof telling an
ambitious initiative from one that has nothing to do with the Ecocity concept. To not seek
constant improvement to become an Ecocity, or to not improve in several subsystems of the city
should be recognised. The same way, initiatives thate ambitious and broad should be credited.
Today, there is no easy way to tell what Ecocity initiative actually is ambitious and successful, and
which are not.

The new certification system allows these traits to be recognised. Every Ecocity initiativeusd
be examined and judged considering the following criteria:

¥ Broad efforts across several city subsystems
How many aspects of the city is the initiative acknowledging in its plans?

¥ Modern technology and innovation
What technology and innovations ithe initiative implementing?

The first criterion assesseshe broadness of the ambition, diversifying initiatives improving only a
few of the areas and aspects of the urban development from those that improve all or many of
them. The second criterion asssses the modernity if the initiative. The implemented technology
in an Ecocity initiative commenced in the 19900s would be obsolete compared with the
technology implemented in a more recent Ecocity initiative, and this is recognised through the
second criterion. To not implement the latest technology, for example smart grid, today is also
recognised through criterion two.

From these two criterions every Ecocity initiative will receive a grade, certifying the ambition of

the initiative. The grade isscaled from one to five, and the higher the grade, the higher are the
ambitious of the initiative. To improve thegrade, an initiative must increase the broadness of the

44



improvements or modernise itself. An Ecocity initiative is not OdoneO until it has reached t
criteria of the Ecocity. Without improvement, this system of certification will indicate a stagnant
initiative and lower the grade of the initiative.

This type of quick assessment might seem simplistic, but it offers an easy way of assessing the
Ecocty initiative, and it is this reports opinion that it should be easy to quickly tell one initiative
from another. There are today no existing global organs or organisations that handle the
evaluation of Ecocity initiatives, which has led to an confusiongarding the meaning of the term.

As long as no such organisation exist, there has to be easy ways of categorising the existing
initiatives. Not having to examine each individual initiative in detail, a process that is both time
consuming and complex, thissystem of certifying initiatives offers an easy way of assessing
them. This system forces the Ecocity initiatives to constant improvement, which takes it form in
more regulations, modern technology and behavioural changes.

This system of certification isiot introduced to replace any existing evaluation tools for Ecocity
initiatives. Instead, it is meant to function as a compliment to other, more complex evaluation
tools, such as the ones presented in the literature study of this report. While the evaloatof the
city is complex and timeconsuming, the system of certification provides a quick assessment of
the characteristics of the initiative.
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7 Model

The following chapter present thestructure of the model of the EcaDistrict in Stockholm
limitations set, assumptiors made, parameters used andgcenariosmodelled.

Today, climate change poses a great threat to the environment atmimankind. To mitigate the
effects, emissions of C® and other greenhouse gases must decrease. A busineasusual
scenario will lead to catastrophic events, and actions need to be taken. In the literature study,
the role of the city in the mitigation of climate change is clearly stated. As urbanisationresses
and a great majority of people will live in cities in the future, the city has a key role in decreasing
the environmental impact of human activities. Therefore it becomes important igentify where
decreases of environmental impactan be found inthe city. Greenhouse gases aremitted from
electricity production, heating and transportation, and actions must be taken regarding all three
areas.

This model will analyse a fictive Ecocitproject in Stockholm. It will model improvements ithe
five most commorly improved areas and aspects ifEcocityinitiatives, in order to analyse what
possible decreases of Cfare possible These five areas and aspects are identified through the
survey presented in chapter five and six, and these are the waste andtarasystem, transports,
the built environment and renewable energylhe reason for only examining theCQ emissions
and no other aspect of the environmental impact of theEcoDistrict is because of its direct
relation to the human impact on climate changeAlso,while environmental damages are local,
the impacts of CQ are global. Several scenarios of improvements will be modelled and
comparison between the potential C£2 reductions from them will be made. This will lead to
insights intowhich of the five analysedareasthe greatest improvements carbe achieved.

The district will have5 000 inhabitants and consist only of apartment buildingThe total area of
the district according to statistics of persons per square metre is approximately 2,1 kK($CB
2012). Statistics of Stockholm will be used as the district is meant to replicate a real district of
Stockholm.

Thechoice of modelling a fictive area in Stockholm is based on two factors. First, Stockholm is a
natural choice as it is the capital and largest urban development in Sweden, and Ecocity
initiatives have and are being built in the city. Second, there are marindepth surveys
conducted and great access to statistics on the Stockholm area concerning the different aspects
the model will analyse.

7.1 Limitations
7.1.1 Geographic and district area structure

Analysingan EcoDistrict of only 5 000 inhabitantand with an area ofonly 2,1 kmz2 is in itself a
great limitation. A city is a much larger system, and by modelling the subsystems in such a small
part of the city brings many limitations as to the synergy effects that exists today and that could
be established in a bigger EcéDistrict. Only modelling five of the total eleven aspects and areas
of the city brings further limit to what synergy effects might be achieved. For an example,
implementing smart grids or working with changing citizen behaviour would ingy
interconnectionsbetween the chosen subsystems.

Also, only modelling a small area of the city brings limitation to what is possible to measure. For
example, the water treatment system in Stockholm is implemented not only in the city itself but is
also connected to neighbouring municipals, connecting several hundreds of thousands
households. The same applies for the waste system. Modelling potential improvements in these

46



systems is therefore not limited to the EcDistrict, and the purpose of the modelis lost.
Therefore, his model attempts to model only aspects of these two systems that are directly
linked to the activities inthe EcoDistrict.

Limits are set concerning the structure of the fictive Edoistrict. The district will only incorporate
apartment blocks, and only apartments allocated for households will be modelled. In reality,
there could be apartments used for offices and stores, but these are excluded from the model,
as offices or stores are different from household apartments concerningich factors as energy
consumptions and waste production.Also excluded are streetlights, as the electricity
consumption from them is relatively small compared to the consumption in apartment houses,
and included it would make the model too complex for thigport.

Furthermore, there are certain figures used in the model that are based on only the Stockholm
city area, and some on the Stockholm County. In reality, there are many differences between
these two levels of geographic scope. An example is theucture of apartment buildings in the
city compared with buildings in the whole county. Buildings inside the city tend to be older and
less energy efficiem than newer buildings: his report is limited to not take such differences into
account, and use ertain statistics that are based on the county as a whole. This is motivated by
the fact that all statistics needed to model an EcDistrict based only on the city of Stockholm
does not exist, and without making assumptions or using other statistics the d& would not be
possible to build.

7.1.2 Economic

This report does not take economic factors into account in the melling of the EcaDistrict, and
therefore no insights into the costs of improvenrgs are provided. This is motivatethe fact that

the Ecocity concept isprimarily concerned with the economic aspect of the city as much as the
environmental aspect. The Ecocity is an environmental concept, and the model will analyse how
a district in the Stockholm area would perform from that perspective.

7.1.3 Limitation of transports

In a real Eceity in Stockholm there would exist commute transportations. Metro and buses
would be a natural part of the transport system. This model does however exclude these types of
transports, and only includes the privately owned cars of the inhabitants. This is mated by the
fact that the commute transport systems are applied in a much larger scale than only in the £co
District, whose area is only 2,1 ki Also,the model does not include changes in the inhabitants®
behaviour that would lead to an increased usagef commute transport systems or the usage of
bicycles and walking. Therefore, only private transportation by cars is modelled.

7.1.4 Water system modelling

This report will not model the water system of Edaistrict. This is due to the size and complexity
of the water treatment system. As some municipals import water and some export wastewater,
the amount of produced water does not correlate with the amounf gollected wastewater. To
create figures on the sludge production per person is therefore not possible with the available
data. To measure other aspects of the water system, as the consumption of water per person
and what potential effects a reduction ofvater consumption would result in would be part of the
behavioural aspect of the Ecdistrict. Other possible aspects to examine, such as measuring the
environmental impact of the anaerobic digestion or the use of sludge as fertilisation, require
studies o individual treatment facilities, which are too complex for this model, and are therefore
excluded.
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7.2 Assumptions

7.2.1 Public statistics are applicable

The individual statistics of energy usage, waste production, car ownership and every other
parameter in the model are not the same for every household, and the statistics are by nature
not completely accurate. Every apartment building has its own energy data, its own number of
inhabitants et cetera. When looking at an isolatedistrict of 5 000 people the statistics are
therefore not completely accurate. Assumptions are therefore made that theOB0 people and

the structures of the EceDistrict follow the statistical data that are based on the Stockholm area
provided by official institutions. This ssumption is motivated by the fact that the official statistics
are reliable and that the purpose of the model is to give an idea of the general improvements
from the Ecocity implementation and not on a specific area or set of apartment buildings in
Stockholm.

7.2.2 Regional statistics are applicable

Some statistics does not exist for the Stockholm city region, but instead for the whole Stockholm
County or Sweden as a whole. Statistics concerning tleQ emission per generated kWh
electricity is for exanple not identified by region but by the Swedish country as a whole. This
report assumes these statistics are not more than marginally different from statistics concegy
only the city of Stockholm, and their impact is therefore negligible.

7.2.3 Heat production

Assumption is made that FortumVSrmeprovides the heat to the Ecdistrict, and parameters
concerning heat production is based exclusively on statistics from FortumMSrme This
assumption is motivated by the fact that Fortun¥Srmeis the largest supplier of district heat in
Stockholm.

7.2.4 Biogas for transports

To model the decrease of CQemissions that will come from an increased biogas production, an
assumption is made that the biogas is used as transport fuel in biogas cars. This makes it
possible to model the reduction of C£using figures ¢ emissions from existing biogas cars. The
same figures will be used in modelling the current emissions of transports in the transport
section.

7.2.5 Fuel consumption in cars

Fuel consumptionvaries dependingon many factors such ascar model, speed,the manner of
driving and traffic situations.But assumptions aremade that these variations can be ignored for
the purpose of this model. The only consumption parameter varied in the sensitivity analysis is
the electricity consumption of electric cars. The impact of the variance in this parameter Wwé
analysed further together with the impact of the amount of G@missions from theelectricity
generation.
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7.3 Model of calculation

The model of calculation consists of two parts. The first is the calculation of the present situation,
based on statistics and assumption of the setting today. The calculations will result in data of the
amount of CQ that the different systemsemit today. Their validity will be tested in the sensitivity
analysis.

The second part of the model of calculation is the situation that would follow improvements in
the different systems. These results will illustrate the potential benefits of the improvements, and
by creating different scenariosa comparison of the potential gain can be analysed to identify
which improvements would result in the greatest reduction of @@missions.

7.3.1 Transport

The current amount of CQ emissions from privatetransports in the EcoDistrict is calculated
through determining the amount of cars and types ofacs for in the EceDistrict. Types and
proportion of cars are taken from official statistics and include diesel and gasoline cars, gas
vehicles, ethanol cars, electric hyhdi cars and electric cars. Equations 1 and 2 give the €0
emissions from every type of car. Equation 3 gives the total £€missions per year in the Ece
District. The constant 5000 used In equation lis the 5 000 inhabitants of the EceDistrict.

P 111

(Equation 1)

! | [ 1"l ! C||”” (Equatlon 2)

Py ! 2! Lylx ! COpt * ! (Equation 3)
Where

U tot Total number of cars

I Number of cars per type

! Cars per persons

I (%9 Proportion of car typea

Pl (kglyear) Total CQ emissions

Py (kg/litre, kg/kWh) CQ emissions per cartypei

I (litre/mile, kWh/mile) Consumption per car typé

! (miles/year) Amount of miles per year per car

The total CQ emissions from the car fleet are the calculated as the sum of the €@missions
from each car type. This figure is theto be compared with the C®emissions from a car fleet
consisting only of electric hybrid cars and one consisting only of electric cars. These figures are
calculated through changing the consumption and G@missions to those of the electricity and
electric hybrid cars. Thiss calculated using equation 4.

COrpy ! Nege ! 1y #1001 (Equation 4)

The parameters concerning the transportations are based on statistics
presentedin both official institutions and other organisationsTable Xshow the figures used.
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Table XParameters used for the calculation of yearly distances per
car type in EcaDistrict.

Car distribution and distance per year

Unit Figure Quantity [Source Year
Cars per 1000 people number 359 SCB 2010a
Distance per car 10 km/year 1304 SCB 2011a
Distribution of cars Trafikanalys 2012
Gasoling|%, number 32.79% 589
Diesel|%, number 55.71% 1000
Ethanol|%, number 7.45% 134
Electric hybrid %, number 1.60% 29
Gas| %, number 2.40% 43
Electric{%, number 0.05% 1
Total amount of cars 1796

SCB = Statistiska Centralbyr@En

Table Xlpresent the parameters used to calculate the yearl@Q emissions from the cars in the
EcoDistrict. Figures on consumption of gasoline and diesel in Stockholm were gathered from
official institutions, while the other figures were collected from trade associations.

Table XIParameters used for the calculation of yearlQ
emissionsper car type in EceDistrict Stockholm

Fuel Consumption and carbon dioxide emissions

Unit Figure Source Year

Fuel Consumption
Gasolingl  litres/10km 0.85|SCB 2011b
Diesell litres/10km 0.69|SCB 2011b
Electricf  kWh/10km 1,5-2,5|NEP 2010

CQ emissions

Gasolingl  kgCQellitre 2.24 [Konsumentverket 2011
Diesell kgCQellitre 2.48|Konsumentverket 2011
Ethanol| kgCQe/10km 0.96 |Trafikverket 2012
Electric hybrid kgCQe/10km 0.95 [MiljSfordon 2013
Gas| kgCQe/10km 1.3|MiljSfordon 2013
Electricl kgCQe/kWh 0.02|Svensk Energi 2010

SCB = Statistiska Centralbyr@&n, NEP = Nordic Energy Perspective

7.3.2 Built environment

The amount of C® emissions from apartment buildings in the EcbDistrict Stockholm is
calculated through determining the total amount ofpartments, their total areaand the energy
consumption per square meter.

First, a calculation regarding the number of apartments imé¢ EcoDistrictis made. The total area
of the apartments is taken from the average sizes of apartments with one to six more

bedrooms and the proportion ofthese apartment sizes. From the area and number of
apartments, CQ emissionsfrom household electicity, property electricity and heat and water is
calculated. Lastly, to get the total COemissions, the emissions from the three areas are
summed up.
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Amount of inhabitants

Amount ofinhabitants per apartments
Amountof apartment

Proportionof apartmentsof sizei

Number of square meters per apartment size
Total number of square meters for apartmas
of sizei

Total number of square meters

Property dectricity per squaremeter
Household dectricity per square meter
Household dectricity per apartment

Heating forheat & water per square meter
Amount of C@per kWh electricity

Amount of C@per kWh district heating

CQ emissionsfrom property dectricity

CQ emissionsfrom household dectricity

CQ emissionsfrom heat & water

Total CQ emissions

The parameters are based on statistics provided by both official institutions and other
organisations. Table Xllpresents the parameters of emissions from electricity and district

heating.

Table XlIParameters used for the calculation of yearlQ
emissionsfrom apartment buildings in EceDistrict Stockholm

CQOe emissions from electricity and district heating

Area Unit Figure Source Year
Electricity
Sweden|CQ.e/kWh (kg) 0.020 [Svensk Energi 2010
Nordic|CGe/kWh (kg), 0.100 |Svensk Energi 2010
Europe|CO e/kWh (kg), 0.415 [Svensk Energi 2010
District heating
Stockholm|CG e/kWh (kg), 0.079 |Fortum VSrme| 2011
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Table Xlllshow the parameters used when calculating the total number of apartments and the
total number of square meters for the Ec®istrict.

Table XllIParameters used for the calculation of total number of
apartments and the total number of square meters ithe EcoDistrict.

Apartment buildings in Stockholm

Unit Figure Source Year

Density
Average inhabitants per apartmer] 1.93|SCB/Sweco 2011
Apartment sizes by category

One bedroonm| m? 39|SCB 2008

Two bedroon m? 59|SCB 2008

Three bedroon] m? 80|SCB 2008

Four bedroom m? 107 [SCB 2008

Five bedroon] m? 133[ScB 2008

Six bedrooms and abov| m? 183|SCB 2008

Proportions of different apartments
One bedroon %) 21.9 [Stockholms stad/Sweco 2013

Two bedroon %) 31.9 [Stockholms stad/Sweco 2013

Three bedroon| % 24.5 |Stockholms stad/Sweco 2013

Four bedroon| % 12.7 |Stockholms stad/Sweco 2013

Five bedroon| %) 5.8 |Stockholms stad/Sweco 2013

Six or more bedroom %) 3.2 |Stockholms stad/Sweco 2013

Table XI\presents the parameters used when calculating the yearly consumption of energy in the
apartment buildings.

Table XIVParameters used for the calculation of yearlgnergy
consumption from apartment buildings measured in kWh.

Consumption of electricity and district heating in apartment buildings

Unit Figure |Source Year
Today's buildings
Property electricity |kWh/m? 22|Broms & Wahlstrom| 2008
. kWh/m? 22[Boverket 2003
Household electricity KWh, apartment 5200
Heat and hot water |kWh/m? 168 (Boverket 2006
Buildings with passive
house standard
Heat, Hot Water, Property |kWh/m? 55|FEBY 2007
Retrofit: Brogarden
Heat and Hot Water |kWh/m? 37 |Alingsdshem 2011
Property Electricity [kWh/m? 11|Alingsashem 2011
Household electricity [kWh/m? 28|Alingsashem 2011

FEBY = Fortum for energieffektiva byggnader

7.3.3 Waste management

The purpose of the modelling of the waste system is to measure what improvements could be
possible if a higher proportion of the organic waste from théouseholds in EceDistrict
Stockholm would be sorted and collected foproduction of biogas. A comparison will be done
between the decreasedCQ emissions from biogas used in transports versus the possible
increase in CQ emissions from heat generation ashe organic waste is substituted by other heat
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sources. This is done using statistics of waste generation and energy generation from burning
waste and biogas.

To be able to increase the amount of organic waste used for biogas the waste sorting process
would have to be improved. Changing the inhabitants® behaviour could do thias the waste
sorting is done in the households. This is not defined as improving waste management, but
rather it lies within the area of civic empowerment. Therefore, the sortingould have to be
conducted in another stage of the waste management. How this could be solved this report will
not analysefurther, and instead focus orwhat effects would come from itThe constant 0,97 in
equation 12 is the proportion of methane requireih biogas (97 percent).

e, m
S TR (Equation 12)

I (Equaion 13)

!y (Equation 14)

(Equation 15

Where

! (m3) Amount of biogas

! (tonnes) Amount oforganic waste

I (m3/tonnes) Methane gas per ton organic waste
! (m3) Amount of gasoline

Ly (kWh) Amount of energy

I (KWh/m3) Amount if energy in biogas

I (KWh/m3) Amount of energy in gasoline

Py (tonnes/m 3) Amount of CQin gasoline

Ly (tonnes) Amount of total C@

Equation 12 gives the total amount of biogas (9ercent methane) that can be produced from
the total amount of unsorted organic wa&t generated inthe EcoDistrict during one year.

Equation 13 gives the total amount of energy the biogas contss. Equation 14 converts this

amount of energy to the amount of gasoline it would take to get theame amount of energy.
Equation 15 gives the total amount of C&contained in the gasoline, providing a figure of how
much CQ emissions are reduced when biogas replace gasoline in private transports.

To compare the amount of reduced G@missions from the usage of biogas in private transports,
the amount of CQ emissions from substitiing heat generation must be calculated. Three
scenarios are modelled, one where the organic waste is replaced by oil, one where it is replaced
by natural gas and one where it is replaced by the same heat mix as today. Each of these three
possible substitues offers different amount of C@emissions from them.

I (Equation 16

I T (Equation 17)
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(Equation 18)
(Equation 19

(Equation 20)

(Equation 21)

Where

! (tonnes) Amount of organic waste

Ly (kWh) Amount of energy

I (kWh/tonnes) Amount if energy in organic waste
when burnt

I (kWh/kg) Amount of energy in oil

L (KWh/m3) Amount of energy in natural gas

! (kg) Amount of oil

" (m3) Amount of natural gas

Py (kgeo/kg) Amount of CQin oll

Pl (kg/m3) Amount of CQin natural gas

Uy g ! (kg/kwh) Amount of CQfrom todays heat mix

11 LI NMH$% (kg) Amount of total C@

Table Z(VParameters used for the calculation of the Eco
DistrictOs wasteystem

Parameters for waste calculations

Unit Figure Source Year
Unsorted organic wast Stockholms Stad
per person| kg 112,6 Trafikkontoret) 2011 2012
Methane per tonng

organic wastqd m?®/tonnes 125 LinnZ et al 2008
*
Biogas (97% kwh/m?* 9,67 LinnZ et al 2008
Gasoline| kWh/litre 9,06 Biogasportalen 2011

Diesel kWh/litre 9,8 Biogasportalen 2011

CC emission

Gasoline| kgCQellitre 2,24 Konsumentverket 2011

Diesell kgCQellitre 2,48 Konsumentverket 2011

EIA 2013

Heating oil kgCQe/kWh| 0,2585* NaturvErdsverket 2006

EIA 2013

Natural gasl kgCQe/kWh 0,192* NaturvErdsverket 2006

* Average of values from sources, see table Il

Table XVpresent the parameters used in the modelling of the EddistrictOs waste system.
Parameters concerning the COenergy ratio of heating oil and natural gas vary depending on
source, and the figure used in an average value. A sensitivity analysis will bediected to
measure the impact of the parameters on the results.
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7.3.4 Renewable mergy

This part of the model will analyse how the different energy usages in the HBistrict correlate to
the total amount of CQ emissions. Summarising the total COemissions from the built
environment and transport creates the figure and the calculation is therefore simple.

Plhypg DX (Equaion 22)
Where

I (tonnes) Total CQ emissions per usage area

P02 ¢0t (tonnes) Total CQ emissions in the EceDistrict

7.4 Scenario modelling

The model will include scenarios fothe systems The scenarios will analyse how improvements
in each area affects the C&emissions. For transport different car fleets will be modellefhr the
built environment passive house standards will be modelled, for the waste management
increased amounts of organic waste used for biogas production will be modelled and for
renewable energy, possible reductions of energy demand or consumption wéllamalysed.

7.4.1 Transport

The modelling of the transport system will include two scenario$ possible improvementsone
where the car fleet consists of a 10Qoercent electric hybrid cars and one where it consists of a
100 percentelectric cars.Variations of the number of cars or the distance covered per car in the
Econeighbourhood are not conducted, as these measures would be altering the behaviour of the
inhabitants, a measure that would model changes of civic empowerment, which this mqdsice
again,is not intended to do.

7.4.2 Built environment

The modelling will include three scenarios that will be compared and analysed. First, a baseline
calculation of an average apartment building district in Stockholm, second a district where all
apartment buildings meets the guidelines of a passive house ardird, a scenario were houses
are retrofitted into energy efficient buildings based on the case Brog(Erden mentioned in the
literature study. The results will show what positive effects can be seen from an implementation
of passive houses or retrofitting partment buildings as in BrogErden.

7.4.3 Waste management

The model will analyse how different proportions of organic waste used for biogas production will
affect the total CQ emissionsfrom heat generation and transportAs more biogas igproduced,
more fossil fuels can be replaced in transportsThe reduction of C®in transport is calculated
based on figures of emissions from gasoline.

55



But as moreorganic waste is used forbiogas production,more heat has to begenerated from
other sources. Therefore,two scenarios will be modelled where the waste used for biogas is
either replaced byheating oil or natural gas

7.4.4 Renewable energy

For renewable energy, three scenarios are modelled where 5, 10 and fiBrcent of the energy
consumption inthe three areas transports, heating and electricity are reduces. The potential.CO
emission reductions from each area are then compared. The decreased consumption could be a
result of more renewable energy sources implemented into the energy system or meffcient
usage is achieved.
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8. Resultsand sensitivity of themodel

8.1 Results

The goal of the modelling of the fictive EeDistrict in Stockholm was to identify what potential
reductions of CQ emissions are possiblethrough improvements in thefive most common
aspects and areas that the Ecocity initiatives are operation withilowever as mentioned earlier,
the water system has been excluded because of the complexity of modelling such a large system
in such a small dstrict as the EcaDistrict Stockholm.In the followingsectionsthe results of the
modelling of thefour areas are presented transports, built environment, waste management and
renewable energy

8.1.1 Transport

CQ emissions from car usage
Eco-District Stockholm, 1796 cars

4500 a47
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Figure 24 Theyearly amountof CQ emissionsfrom different car fleet
distributions.

Figure 24 shows the yearly amount of CQ emissions from todays car fleet and from two
hypothetical car fleets, one with only electric hybrid cars and one with only electric cars. The
amount of CQ emissionsis the sum of theCQ emissions from the1796 existing cars in the
neighbourhood.Figure 24illustrates the potential reduction ofCQ emissions from car transports

in EcoDistrict Stockholm. A car fleet of only hybrid electric cars would decrease the.CO
emissions by approximately 46percent of todayOs emissions. A car fleet consisting solely of
electric cars would decrease the same figure by approximately @ércent As electric cars run on
electricity, demand for electricity increase as more electric cars are used. If every car in the-Eco
District would run solely on electricity, yearly demand would gp by 4,68 GWh, which in turn
would result with a total 0of94 tonnes of CQ emissionsif the electricity mix remains the same as
today, with emissions of 20 gam CQ per kWh. If the electricity mix would consist of a 100
percentrenewable energy, this figure would be zero annual £€€missions.

8.1.2 Built environment

Figure 25shows the proportion of C®emissions from the built environment in the EcDistrict.
2547 tonnes are emitted annually from heat generation, which amots for 90 percent of the
total emissions. 188 tonnes are emitted from household electricity and 84 tonnes are emitted
from the consumption of property electricity, which amounts for three percent of.
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Proportion of C@emissions from built environment
Totally 2819 tonnes per year

3% 79

Property electricity - 84 tonnes
* Household electricity - 188 tonnes

" Heat & water - 2547 tonnes

90%

Figure 25 The yearlyemission of CQ from todayOs apartment
buildings distributed by area of usage

Figure 26 shows the yearly amount of C®emissions from apartment buildings in EcDistrict
Stockholm. The left column show G@missions from todayOs apartment buildings, the middle
show emissions if all apartments followed passive houses standards and the right column is
based on figures from the case of Brog(Erden, a set of 16 apartment building renovated into

passive houses in AngsEs, Sweden (see literature study).

Yearly CO, emissions from apartment buildings
Eco-District Stockholm, 2591 apartments

3000

Today Passive house Case Brogarden
guidelines

Figure 26 The yearlyemission of CQ from todayOs apartment
buildings compared with passive house standards and case BrogErde

If the EcaoDistrict consisted of a mix of the apartmenbuildings already built in $ckholm, it
would release 2 819tonnes of CQ annually fom consumption of electricity and district heating.
If it instead consisted of passive houses built according to theuiding standard (under 55 kWh
per m2for heating, wvarm water and property electricity) it would releas®97 tonnes of CQ. This
is a decrease of 68percent But if they insteadwould have the same consumption as the
renovation of Omiljonprogrammettildings in BrogErden, it woulitlease 711 tones of CQ, a

decrease of 75percent
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8.1.3 Waste management

Figure27 shows the reducedCQ emissionstoday as 100 percent of the unsorted organic waste
from households is used for heat production, and the potential reduction G2 emissions in four
different scenarios where 25, 50, 75 or 100percent of the organic household waste is used for
biogas production. From the 00 households in EceDistrict Stockholm the total C@emissions
from the burning of organic waste today sums up 88 tons of CQ annually. Figure25 show that
as a higher proportion of organic waste is used fro biogas production, the gains in-G€
emissions increases.

Reduction of CO,
Reduction of CO, from different proportion of waste used for biogas production
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Organic waste to biogas

Reduction of CO2 from use of biogas in transports B Reduction of CO2 from burning of waste

Figure 27 The yearly amount of reduce€Q emissionsfrom different
amounts of organic waste used for biogas production.

The reduction of Cefrom the burning of waste, illustrated by the darker column, is based on the
assumption that the heat sources the waste replaces emits 0,087 grams of €@er kWh heat,
just as the district heating in Stockholm do today. In this case, figure 27show that it is
beneficial to use organic waste for biogas. However, this is only as long as the generation of heat
is not emitting more C®than reduced by the biogasisage in transports. Figure 26 analyse the
benefit of biogas when the waste is substituted by either natural gas (0,192 kgfe¢kWh) or

heating oil (0,2585 kgCQe/kWh).

Reduction of CQversus added CQfrom substitutes
Reduction of CQfrom waste-to-biogas compared with the G@missions from

substituting heat sources
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Figure 28 The yearly reduction o€Q emissions from biogas in
transport compared with increase of C&emissionsfrom different
substituting sources off heat generation.
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Figure 28 shows how the reduction of C@emissions from biogas compares with G@missions
from possible substituting heat sources. The figure show that depending on what substituting
source of heat generation is used, biogas production proves to vary in total B emission
benefit. If the removed heat from the burning of organic waste is substituted withe same heat
mix as exist in Stockholm today, the more biogas produced the less emissidas shown in
figure 25). However, if instead natural gas is used to produce the substituting heat, the net2CO
emissions areincreasedinstead of decreasedwhen 75 percent of the organic wastes for biogas
production and25 percent for heat generation. If oil is used for the substituting heat, the net €0
emissions are increased when around 3045 percent of organic waste is used for biogas
production.

Figure28 shows how the subsystems in a city affect each other, and how optimizing one system
might affect the greater system negatively. In the case of EDistrict Stockholm, using the
organic waste from the 5000 inhabitants for biogas production would probably begsitive, as
the number of inhabitants are so small and their reduced contribution of waste for burning would
probably not affect the heat mix is a notable way. However, figué shows that there are
scenarios where the burning of organic waste proves mongseful from a CQ@ emissions
perspective than biogas productions.

8.1.4 Renewable snergy

In the EcoDistrict, energy is used in three sectors: heat, fuels and electricity. The previous
sections provide figures on the C{emissions from the differentsubsystems where energy is
used. Comparing the C£emissions from each sector show how each of them contributes to the
total amount of annual C@emissions from the EceDistrict.

Proportion of CO2 emissions by energy usage

5% 1%3%

= Property electricity - 84 tonnes

= Household electricity - 188
tonnes

= Heat and water - 2547 tonnes

= Diesel and gasoline based
transport - 3796 tonnes

= Green transport - 351 tonnes

Figure 29 The yearly amount o£Q emissionsfrom different
energy usages

Figure 29 shows the division of annual C@emissions from different energy usage areas in E€o
District Stockholm. The total amount of C@emitted is 6966 tonnes annually.The area of usage
with the greatest amounts ofCQ emissions (54 percent) is fossil fuelled transportation.37
percent of the total CQ emissions come from heating water and living spaces. Compared with
these usage areas, the amount of G@missions from electricity usage is low. Only gercent of

all CQ emissions come from the use of electrity in the buildingsthree percent from household
electricity ard one percent from property electricity. The amounts of G@missions from green
transports (ethanol, hybrids, gas vehicles and electric cars) aregegter than from electricity
usage. This is most likely due to the low rate of €@missions from Swedish electricity
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production. Compared withfor example European levels, the Swedish €@missions from
electricity areas earlier statedlow.

Scenarios - reduction of energy demand
Reduction of annual C® emissions in tonnes if heat, electricity or fuel demand

is lowered
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Figure 30 The yearly reduction oCQ emissions in tonnes
from scenarios of different reductions of energy demand

Figure30 showsthe results of the scenario analysis. Three scenarios of demand reduction in the
different sectors of energy usage have been modelled: a reduction op&rcent, 10 percentand

15 percent As the figure show, the potential reduction of G@missions from decreased demand

of electricity makes almost no difference in larger perspective. Decreasing electricity demand by
15 percentreduces the annual amount of Cfemissions by39 tonnes, while the same reduction

in fuels for transports reducesthe annual amount by619 tonnes, a figure almost16 times
higher. The same applies to heating; a Hpercentage reduction in demand of heat leads to eight
times greater reduction than electricity.Clearly, it would be more beneficial from a GO
perspectiveto make improvements regarding transportation or heating rather than electricity in
the EcoDistrict. This conclusion can to certain extent be drawn for the whole of Stockholm, as
the model is based mostly on parameters from studies of the Stockholm aréizhe low figuresof
CQ emissions from electricity production in Sweden leads to low possible decreases of:CO
emissions compared to other areas of energy usages. To analyse this further, a sensitivity
analysis of the impact of increased consumption of hoekold and property electricity will be
conducted, in order to determine if the possible decreases remain low comparedhathe other
areas of emissions.

8.1.5 Overview of results

The results show that the greatest reductions of G@missions can be achéved by decreasing
private transports run on fossil fuel. These transports amount for 54 percent of the annualCO
emissions from the EceDistrict. Heating of apartments and buildings amount for 37 percent of
the emissions. Electricity only amounts for faypercent of the total C@emissions, a figure lower
than from green transports. Conclusions can be drawn that efforts of making electricity even
cleaner to reduce C@emissions in the EceDistrict in Stockholm isalmost uselesscompared to
making effort to improve the private transports or the heating system.

If the car fleet in the EceDistrict consisted of only electric hybrid cars, annual @@missions

would decrease by 1582 tonnes, or 22,5 percent. If instead only electraars were used, the
reduction would be 3702 tonnes or 53 percent.This would be the single most effective
improvement to make in the Ecédistrict.
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The possible reductions from implementing passive house standards in the apartment buildings
would decreaseyearly CQemissions by1922 tonnes oraround 27,5 percent of the total CQ
emissions from the EceDistrict, if not even greater results are achieved as in the case of

BrogErden.

Biogas proves usefulas well, although to less extent compared to transpooand heating. If
organic waste was sorted, 174 tonnes of G@missions from transports could be avoided each
year. However, this benefit only appliess long as C@emissions from substituting heat sources
are kept lower than the reductions achieved by usg the biogas in transports. If for example
natural gas or heating oil is used to replace the organic waste, the biogas production becomes
counterproductive at certain proportions.

8.2 Sensitivity analysis

Several of the parameters used are subjectsf uncertainty & parameters from sources varies,
assumptions are madeor data concerning Stockholm were sometimes nesxisting, leading to
the use of parameters for Stockholm County or Sweden as a whole. Selected parameters have
therefore been analysed frtther in sensitivity analyses to assess their impact on the results.

8.2.1 Transport

The results presented in section 6.7.1 show that by having a car fleet of only electric cars; CO
emissions car be reduced with more than 95 percent. But this is largely because of the relatively
clean electricity production in Sweden. Therefore, it becomes interesting to further examine CO
emissions associated with the electricity production and theonsumption of the electric cars,
and how this affects the total C&emissions from electric cars.

Yearly amount of CO, emissions
depending on KWh consumption in electric cars and CO, emission per

produced kWh
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Figure 31 The yearly amount oCQ emissionswhen varying kWh
consumption in electric cars andCQ emissions per produced kWh of

electricity
Figure 31 show the yearly amount ofCQ emissions from electric cars in Ec®istrict Stockholm
when varying the consumption of electricity per Swedish mile and the :C@missions per

produced kWh electricity. The figure shows that a cdeét is more sensitive to variation in the
consumption of electricity per distance in an area with higher €@missions per produced kWh
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electricity. The levels of 0,025, 0,1 and 0,415 kg COper kWh are the Swedish, Nordic and
European levels. The concluan is therefore that the sensitivity for variances in electricity
consumption in electric cars is greater in an area where the €@vels per produced kWh
electricity is higher, for example in an average European country, as the level of &@issions in
absolute numbers increases faster with each increase in consumed kWh per distance. If the level
of CQ emissions in the European electricity mix is used (0,415 kg &€&Wh), driving with electric
cars at a consumption rate of 2,5 kWh per Swedish mile provés produce more than 20 times
more CQ compared with the Swedish electricity mix. Comparison of the European mix and a
consumption rate of 2,5 kWh per Swedish mile and the Swedish mix with a consumption of 1,5
kKWh per Swedish mile results in 35 times mordons of CQ per year. Clearly, both the
consumption rate and the electricity mix have great impact on the amount of £énissions. As
the Swedish electricity is so clean, different level of electricity consumption in electric cars does
not affect the tota CQ emissions in any major way.

8.2.2 Built environment

As shown in the literature study, there are uncertainties concerning the energy consumption in
apartment buildings. Household electricity depends both on behaviour and season, and therefore
a variation of £ 30 percent from the average will be analysed, as this is a typical seasonal
variation. The property electricity depends on the characteristics and building standard of the
apartment building. The literature study mentions a variation of 5 & kWh/m2. These are the
used minimum and maximum value for the analysis. The last parameter is the district heating
used for heating and warm water. This parameter also depends on building standard. According
to the same study that identified the averagealue of 168 kWh/m2, the top 10 percent had a
value of 119 kWh/m? and the worst 10 percent had a value of 197 kWh/m and these are
examined in the sensitivity analysis. The results are presented in figlg2.

Sensitivity - CQemissions from apartment buildings
Emissions of C® from apartment buildings when household electricity, property electricity
and heat & water parameters are varied
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Figure 32 The yearly amount oCQ emissionswhen varying parameters of
energy consumption in apartment buildings

Figure 32 show the variation of C®emissions from energy used for household and property
electric and heating and water. The middle column shovike emissions in todayOs apartment
buildings. The left column shows the result as the minimum value found in the literature was
applied, and the left column shows the emissions when the maximum value was applied. As
shown, the uncertainty of energy consuption by heat and water results in a greater span of
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emissions. If consumption is as low as 119 kWh/f the total emissions drop by 26 percent, and
if consumption is as high as 197 kWh/ra, the total emissions increase by 16 percent, which
means the minimumdiffer from the maximum by 42 percent. The same figure for housddaand
property electricity is four and sipercent, a much lower difference.

8.2.3 Waste management

The quality of heating oil and natural gas vary, as energy content and carboontent are
different for different oils and gases. From the literature study, two values of £€duivalent per
kWh of each fuel have been identified, and from these an average value has been analysed.
Figure 33 illustrates how variations of carbon contentin the fuels affectthe breakpoint where
biogas production becomes counterproductive. The more carbon in the fuel the less beneficial

biogasbecomes

Sensitivity of oil quality Sensitivity of natural gas quality
Added CQ emissions from oil of different Added CQ emissions from natural gas of
quality different quality
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Reduction from biogas

Reduction from biogas

Figure 33 The effects on C@emissions from heating oil and natural gas if the carbon
contents in dtered.

As shown, the different values of emissions from natural gas have a greater effect on the
uncertainty of the results.When applying theminimum value of 0,181 kgC@e per kWh the
biogas production becomes count@roductive when around 60percent of the organic wast is
used for biogas production Applyingthe maximum value of 0,203 kgCe® per kWh increases
that figure to around 75 percent. Subsequently he variation of the identified carbon content in
natural gas leads to a fluctuation of 15 percent. The same variation in the identified carbon
content in heating oil leads to a lower fluctuation of around 5 %.
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8.2.4 Renewable energy

Figure 34 show the changed proportion of CQOemissions when the consumption of household
and property electricity has been doubled. The total proportion of £&missions coming from
these two usages has increased from four percent to seven percent. The figure shows how small
the impact of the electicity consumption is in the larger picture.

Sensitivity - C@emissions from electricity doubled

5% 2% gy

= Property electricity - 84 tonnes

= Household electricity - 188
tonnes

= Heat and water - 2547 tonnes

= Diesel and gasoline based
transport - 3796 tonnes

" Green transport - 351 tonnes

Figure 34 Theproportion of CQ emissionswhen doubling
the consumption of households and propertglectricity

8.2.5 Overview of sensitivity analysis

The sensitivity of the variation o€lectricity consumption in electric cars reveal that in Sweden,
where the electricity production is relatively clean, variations of the consumption have little effect
on the CQ emissions. The same conclusion cannot be drawn for other geographic areastsas

in Europe, where a less clean electricity production results in greater variation of:@issions.
This is however not relevant for the EeDistrict in Stockholm, where the results of the model are
considered reliable

The energy consumption in theapartment buildings is subject to greater variance. The €0
emissions from household and property electricity doot vary greatly, but the emission from
energy consumption for heating varies considerably¥his might have noticeable impact on the
results. However, the potential reductions of emissions from implementation of passive house
standards are not affected by this variation. Also, even though the share of the total.CO
emissions from heat presented in figure 29 might vary, the heating would still iee second
biggest contributor to C@emissions, and its significance in the EeDistrict is therefore intact.

The sensitiviy analysis of the fuel replacingvaste used for biogas show that thdreak point
when biogas production becomes contraroductive varies quite much. However, it is not likely
that large proportions of heating oil or natural gas would substitute the waste. As the HBistrict

is relatively small (only housing 5 000 people), the waste removed from the heating production
would prove sich a small portion of the total amount of waste used for heating in Stockholm that
the effect would probably not be noticeable. Therefore the sensitivity of the parameters has little
effect on the end results.

The last sensitivity analysis of a doubles consumption of electricity is notesult of variation in

the identified values from sourcesas much as a way of showing how little the electricity
contributes to the total CQ@ emissions of the EceDistrict. Thesensitivity analysis show that even
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though the consumption of household and property electricity is doubled, the total-Gfnissions
from the consumption is only increased from four to seven percent of the total emissions from
the EcaoDistrict.
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9. Conclusons

From the results of the survey and the model several interesting conclusions are drawn. As the
nature and goals of the survey and the model are different, the conclusions are treated
separately.

9.1 Survey, definition and system of certification

The surveyshowsthat there is a great diversity bhow the term Ecocity is usedecocity initiatives
come in many forms and shapesand the characteristics of Ecocity initiatives have varied with
time, as ambitions have fluctuated and new technologies (suchs smart grid) and new
paradigms 6éuch asa different view on the role of the publicarise. The Ecocity concepseems to
be applied to initiatives without regards to the original ideas and concepRossible explanation
for this is that the Ecocity concept has bee equalized with sustainability, and therefore, urban
sustainability developments choose t@adopt the term as it is increasingly used to denote any
sustainable urban initiative.Therefore, this report has introduceé new defintion of the Ecocity,
a definition that separates the initiatives from the concepfThis definition includestwo terms: the
Ecocityand the Ecocity project.

The first term denotes the original concept as defined by Richard Register and the Ecocity
Builders. An Ecocityaccordingto this report is therefore an ecologicallyhealthy urban settlement,

not affecting the ecosystemof which the settlement is part in any negative way, nor any other
ecosystemor the global ecosystemas a whole. Thismeansthe city should be ecologicallyneutral

(or positive)in everycity aspectand area. Thecity systemshould be in balance,and no resources

are depleted or extractedat a higherrate than nature can recreatethem.

Thesecondterm denotes the initiatives aspiring tdulfil the principles of the Ecocity concept.
These are initiatives putting efforts across avide range of areas and aspects of the city,
implementing modern technology and innovation in order to achieve better abeltter results.

But the problem of not being able to evaluate if an initiative fulfil the abowaentioned criteria
and the lack of tools for conducting individual comparison between initiatives remains
Several initiatives this report has studied are ptihg great effort into become more
environmentally friendly by working in a broad range of city aspects and areas, while other
initiatives are not putting effort into more than a couple of areas. To solve this, the report has
introduced a system of certifyng Ecocity initiatives. Based on the broadness of the efforts and
the level of modernity, each initiativereceives a grade The grade enables comparison
between initiatives, in order to assess their characteristicflthough simplistic, this system
enables quick evaluation of Ecocity initiatives.

9.2 Eco-District Stockholm

From the survey, the five most common aspects and areas of improvements in Ecocity initiatives
were identified as transports, waste and water management, the built environment and the
energy system. Improvements ifour of theseareas and aspects were modéed in a fictive Ece
District in Stockholm (the water management was excluded)The aim was toanalyse how
improvements in these five aspects and areas of the cigould affect the CQ emissions from a
fictive EcoDistrict in the Stockholm area.

The results show that theannual CQ emissions from the EceDistrict are 6966 tonnes. The
greatestamount comes fromprivate transports run on fossil fuel, as themmount for 54 percent
of the annual CQ emissions from the EceDistrict. Heating of apartments ad buildings amount
for 37 percent of the emissions.Electricity only amounts for four percent of the total CO
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emissions,interestinglya figure lower than from green transportswhich amount for five percent
of the emissions Conclusions drawrare that efforts of making electricity even cleaner to reduce
CQ emissions inthe EcaDistrict in Stockholmis not as effectivecompared to making effort to
improve the private transports or the heating system. Thieneralconclusion canto some exent

be drawn fa the whole of Stockholm, as thenodel is based on parameters from studies of the
Stockholm area. The sensitivity analysis show that even though electricity consumption is
doubled, the amount of total C®emissions from property and household electricitin the Eco
District does not constitute more than seven percent of the total @missions.

The most effective improvement modelled is to create a car fleet of only electric cars. This would
decrease CQ@emissions from fossil fuelled private transports b97 percent, or 53 percent of the
total CQ emissions. The second most effective improvement would be to retrofit the apartment
buildings into passive houses. According to passive house standards, this would reduce total CO
emissions by at least 27,5 perent.

Biogas production from organic waste is useful, but only as long as the substituting heat is
generated with CQ@ emissions lower than the decrease of GCemissions achieved by using
biogas instead of gasoline in transports. If the waste is replaced bgtural gas or heating oil, the
production of biogas becomes counterproductive at certain points. This clearly illustrates how
optimizing one system can affect the greater system negatively.

9.3 Plausibility of the model

The sensitivity of the model, @used by variationsin parameter valuesand made assumptions, is
evaluated low enough for theresults and conclusionsto be considered reliable No variation of
the parameters in the sensitivity analysis showed variations that altered the outcome of the
model. Limitations to the modelwere applied in order to make the modelling possible to conduct,
and are also considered not to interfere with the reliability of the results in any major way.

9.4 Suggestions for continued research

This report opens upseveral interesting areas for further researchOne interesting area for
further research is the scope of the surveyBroadening the scope byncluding more information
sources and sources in other languages than English would lead to deeper insight of the
characteristics of the Ecocity initiatives. For example, in this survey, none of the identified African
Ecocity initiatives were chosen for further study, as information was too scarce or unreliable.
Also, a suspicion is that informationon Ecodty initiatives to large extentis written in the local
language and therefore EuropeanAustralianand Americaninitiatives are favoured in regards of
information available.In addition, an applicationof the introduced evaluation toolto determine

its functionality would be an interesting subject fofurther research. This report has not tried the
evaluation tool in practise, and a first step would be assessing a number of initiatives and
evaluating the structure and usefulness of the evaluation tool. Verificatiarf the theory that the
Ecocity term has been equalized to sustainability developments also require further study. If the
theory is correct, this should be recognized.

Also, many possible explanations for certain historic and geographic traits are lefanawered in
this report. A suggestion for further examination is to assess the relationship between Ecocity
initiatives run by high level of governance and the occurrence of civic empowerment measures in
them.

Lastly, continuedresearch should be performed outside the area of GQemissions Mitigating
climate change is just one part of a sustainable future. Impact in areas like healthocial
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benefits and environmental pollution shouldalso be evaluated and compared to deepen the
understanding of the Ecocity concept in relation with sustainability.
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81 | Gujarat International Finance Tec-City |India 121 | Kaohsiung Taiwan
82 | Gwanggyo Ekonhill South Korea 122 | Kawasaki Japan

83 | Hacienda Ecocities Kenya 123 | Langfang Eco-Smart City China

84 | Hamburg-Harburg Germany 124 | Los Angeles EcoVillage USA

85 | Hamm Germany 125 | Living City DC 14th & U USA

86 | Hammarby Sjostad Sweden 126 | Living City Denver LoDo USA

87 | Hanham Hall UK 127 | Loja Ecuador
88 | Heidelberg Germany 128 | Magok South Korea
89 | Hanggiao Carbon Business Community |China 129 | Mahindra World City India

90 | Huaibei China 130 | Malmo Sweden
91 | Incheon Eco-city South Korea 131 | Manchester UK

92 | Songdo International Business District |South Korea 132 | Masdar UAE

93 | Kottayam India 133 | Mata de Sesimbra Portugal
94 | Puri India 134 | Meixi Lake China

95 | Thanjavur India 135 | Menlyn Maine South Africa
96 | Tirupati India 136 | Mentougou Eco Valley China

97 | Ujjain India 137 | Missouri Green Impact Zone USA

98 | Vrindavan India 138 | Nanhe Jingwu China

99 |Jakarta Indonesia 139 | Nanjing Eco High-Tech Island China
100 | Surabaya Indonesia 140 | Neapolis Smart EcoCity Cyprus
101 | Makassar Indonesia 141 | Nieuw Terbregge Holland
102 | Palembang Indonesia 142 | One Gallions UK

103 | Balikpapan Indonesia 143 | One Planet Middlesbrough UK

104 | Issaquah Highlands USA 144 | Oslo Norway
105 | Ivory Park EcoCity South Africa 145 | Panama Pacifico Panama
106 | Chiyoda Japan 146 | Pedra Branca Brazil

107 | lida Japan 147 | PlanIT Valley Portugal
108 | Kitakyushu Japan 148 | PlaNYC USA

109 | Kyoto Japan 149 | Portland USA

110 | Minamata Japan 150 | Puerto Princesa Philippines
111 | Miyakojima Japan 151 | Reykjavik Iceland
112 | Obihiro Japan 152 | Rizhao China

113 | Sakai Japan 153 | Royal Albert Basin UK

114 | Shimokawa Japan 154 | Seattle 2030 District USA

115 | Toyama Japan 155 | Segrate/Milano Santa Monica Italy

116 | Toyota Japan 156 | Sejong South Korea
117 | Yokohama Japan 157 | SolarCity Linz Pichling Austria
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Appendix Cb Evaluation tools

SPeARevaluation tool

Optimum Worst Case

SPeAR® ARUP

19 April 2011 | @ Arup 2011. SPeAR is a Registered Trademark of Arup Group Lid

(Arup 2013)
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IEFS evaluation tool

GREENER CITY 1 GREENER CITY 2 |GREENER CITY 3

plete +

|

Justice, peace
+ contentment

(Ecocity Builders 2012}
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NABU Value Map

identity  energy
security health

i t
SOCIETY aesthetics ransports

sociability

land use

complexity water
cycles
involvement g;actlzgal
accessibility bioclimatic
design

composition biodiversity
functionality l communication
financial
structures

activity

processes

flexibility
services costs

(NABU u.d.)
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Appendix ED Historical trend of aspects and areas

In this appendix the historic trends of the eight aspects anareas notpresented in section 6.3.2.
are displayed.
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CO, Targets
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