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The purpose of  this thesis is to study and compare sustainable urban development practices in 

Songdo IBD and in Hammarby Sjöstad and how they interrelate with the theories of  sustainable urban 

development. This thesis shows that it is possible and how it is possible to create more sustainable cities, no 

matter where on earth it is taking place. Thus, this thesis can be used for educational purposes and as an 

inspirational source for other urban development projects. The methodology is based on case studies 

with	systematic	literature	reviewing	as	the	main	data	collection	method,	supplemented	with	field	studies	

and interviews.

Songdo	IBD	and	Hammarby	Sjöstad	emphasize	sustainable	urban	development	within	the	fields	of 	the	

urban planning process and the urban subsystems. Songdo IBD and Hammarby Sjöstad have achieved 

synergies between the urban subsystems energy, waste and water systems; energy, waste and water and 

landscape	planning;	traffic	and	transportation	and	land	use	planning;	and	energy,	waste	and	water	and	

building and architecture, by implementing both well proven systems and new cutting-edge technology. 

Neither	case	is	strictly	sustainable	according	to	the	definition	of 	sustainable	development	but	both	cases	

are moving towards what theories refer to as sustainable urban development. 

The biggest smiliarities between Songdo IBD and Hammarby Sjöstad are the urban patterns and 

structures, they have integrated transit stations with main urban functions, practice TDM, use mainly 

district heating from waste incineration, apply cutting-edge solar technology in small scale, have installed 

pneumatic waste collection systems, use sludge from wastewater as an energy source, reduce energy and 

water	demands	through	installation	of 	energy	and	water	efficient	appliances	in	buildings,	and	have	had	a	

holistic and integrated approach in the urban planning process, although neither case has involved future 

residents. The biggest differences between Songdo IBD and Hammarby Sjöstad are the scale of  the 

districts, the context of  the districts, the current phases of  the districts, the scale of  the transportation 

systems, the water systems, and the method of  assessing the validation of  a project’s green features.

Recommendations on further studies are: to study alternative system solutions and the forces behind the 

selection of  the chosen systems in both cases, to evaluate and assess Songdo IBD on its sustainability 

achievements and the long term national effects, to carry out studies in both cases on incentives that 

could make people change their behavior towards a more sustainable lifestyle, to study other aspects of  

sustainability	in	both	cases,	to	study	other	cities	with	similar	profiles	in	order	to	learn	what	else	can	be	

done to enhance sustainable urban development.

Abstract





Syftet med examensarbetet är att studera och jämföra praktisering av hållbar stadsutveckling i 

Songdo IBD och i Hammarby Sjöstad samt hur de relaterar till teorier om hållbar stadsutveckling. 

Examensarbetet visar att det faktiskt är möjligt och hur det är möjligt att skapa mer hållbara städer, vart 

på jorden det än sker. Uppsatsen kan således användas i undervisande syfte och som inspirationskälla till 

andra stadsutvecklingsprojekt. Metoden är baserad på fallstudier med litteraturstudier som huvudsaklig 

datainsamlingsmetod, kompletterad av fältstudier och intervjuer.

Songdo IBD och Hammarby Sjöstad lyfter fram hållbar stadsutveckling inom stadsplaneringsprocessen 

samt de urbana subsystemen. Songdo IBD och Hammarby Sjöstad har åstadkommit synergieffekter 

mellan subsystemen energi- och avfallssystem; vatten- och energisystem; avfalls- och vattensystem; 

energi-,	 avfalls-	och	vattensystem	och	 landskapsplanering;	 trafik	och	 transport	och	markanvändning	

samt energi-, avfalls- och vattensystem och byggnad och arkitektur genom att implementera både väl 

beprövade	 system	och	 ny	 spjutspetsteknologi.	 Inget	 av	 fallen	 är	 helt	 hållbara	 enligt	 definitionen	 av	

hållbar utveckling men går i den riktning teorier refererar till som hållbar stadsutveckling.

De största likheterna mellan Songdo IBD och Hammarby Sjöstad är stadsmönstret och stadsstrukturen, 

att de har integrerat bytesstationer med centrala urbana funktioner, tillämpar TDM, använder 

huvudsakligen fjärrvärme från avfallsförbränning, applicerar teknologi baserad på solenergi i mindre 

skala, använder vakuumteknologi för att hantera hushållsavfall, använder slam från avloppsvatten som 

energikälla, minskar efterfrågan på energi- och vatten genom att installera energi- och vatteneffektiva 

installationer i byggnader samt har haft en holistisk och integrerad ansats till stadsplaneringsprocessen 

även om man i inget av fallen involverade framtida boende. De största skillnaderna mellan Songdo IBD 

och Hammarby Sjöstad är storleken och skalan på stadsdelarna, stadsdelarnas kontext, den fas i vilken 

stadsdelarna	befinner	sig	i,	skalan	på	transportsystemen,	vattensystemen	samt	den	metod	som	används	

för att utvärdera ett projekts gröna åtgärder. 

Vidare rekommenderas: att studera alternativa systemlösningar och krafterna bakom de valda systemen 

i båda fallen, att utvärdera och bedöma Songdo IBD på dess hållbarhetsåtgärder och de långsiktiga 

nationella effekterna, att utföra studier i båda fallen om incitament som kan få invånarna att ändra sitt 

beteende till en mer hållbar livsstil, att studera andra aspekter av hållbarhet i båda fallen samt att studera 

andra	städer	med	liknande	profiler	för	att	förstå	möjligheterna	till	hållbar	stadsutveckling.

Sammanfattning
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12 1. Introduction

This introduction describes the background to the problem, purpose of  this thesis and why this thesis 

is carried out, delimitations and the structure of  the thesis.
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1.1. Problem Background

For	the	first	time	in	history	is	the	majority	of 	the	world’s	human	population	(6.8	million)	living	in	cities,	

making humanity an urban species. The United Nations predict that the world urban population will 

increase by 84 percent by 2050, implying that more than two thirds of  the world’s human population 

is	expected	to	live	in	cities	(UN	2010).	Cities	attract	people	because	economic	opportunities	and	life	

chances are often better in cities. Cities offer economies of  scale for physical mechanisms such as public 

transport,	 recycling	water	and	materials	as	well	as	 for	using	energy	efficiently,	and	cities	offer	social	

mechanisms including market, government, community organizations, cultural activities, and social 

networking	(Lee	2007).	

However, cities are also places for unsustainable consumption of  resources and where environmental 

problems are caused. Social and economic inequality takes place in cities where the high consumption 

activities cut out their disadvantaged residents. Energy supply based on fossil fuels and high energy 

and water demands in buildings cause major environmental problems and contribute to climate change 

(Sida	2007).	According	to	WorldGBC	(2010),	buildings	and	communities	are	responsible	for	over	40	

percent of  greenhouse gas emissions into our atmosphere. Also, the Ecological Footprint has increased 

steadily	since	1961	and	has	more	than	doubled	over	the	past	45	years.	In	2005,	mankind	demanded	1.3	

planet Earths to support her activities, while the maximum biocapacity always remains on one planet 

Earth	(WWF	2008).	Therefore,	a	wide	range	of 	environmental	problems	that	counteract	sustainable	

development	must	be	dealt	with	in	cities,	such	as	traffic	congestions,	air	pollution,	lack	of 	biological	

diversity,	waste	problems	etc.	(Sida	2007).	A	city	moving	toward	sustainability	improves	public	health	

and well-being, lower environmental impacts, increasingly recycles its materials, and uses energy with 

growing	efficiency.	Note	the	word	toward:	it	is	unrealistic	for	a	human	economy	to	have	no	impacts	on	

the Earth, but it is necessary to share its resources more equally and in ways that enables our species to 

endure	on	a	finite	planet	(Lee	2007).	
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Purpose

Because of  the problems arising from urbanization, cities around the world are now taking actions 

towards sustainable urban development. Among them are Songdo IBD in South Korea and Hammarby 

Sjöstad	in	Sweden.	Both	projects	are	profiled	as	sustainable	urban	development	projects	and	one	might	

ask what sustainable urban development is, how sustainable urban development is applied in practice on 

the global market, and how we can move toward sustainability. There is a need to study and examplify 

cases where sustainable approaches have been used in order to spread knowledge and experiences on 

sustainable urban development, and to understand the market for urban systems and technologies. 

The purpose of  this thesis is to study and compare sustainable urban development practices in 

Songdo IBD and in Hammarby Sjöstad and how they interrelate with the theories of  sustainable urban 

development.

Comparing	cities	is	a	complex	and	difficult	task	because	cities	comprise	of 	a	complex	net	of 	functions,	

systems, economies, people, social mechanisms, cultural identities, etc. Comparisons of  cities are 

therefore seldom carried out because the scope is simply too large. However, by exchanging knowledge 

and experiences from cities around the world, cities can learn how to improve themselves to the better, 

and new technologies can be introduced on the local market. This comparison is carried out in order 

to	study	what	cities,	profiling	themselves	as	sustainable	urban	development	projects,	do	in	reality	that	

support	 their	profiles	and	to	study	what	 the	similarities	and	differences	are.	 If 	 there	are	similarities,	

what are they? Given that Songdo IBD and Hammarby Sjöstad are located in very different contexts 

and planned in different periods of  time, is it still possible that they have similarities? If  there are 

differences,	what	are	they?	If 	both	cities	are	profiled	as	sustainable	urban	development	projects,	how	

come there are differences at all? 

Because Hammarby Sjöstad is ahead of  Songdo IBD in time, it is also interesting to study what has 

happened on the global market since the Hammarby Sjöstad was initiated. Has Hammarby Sjöstad been 

able to stay up-to-date or is it now considered as old and worn out? What new technologies and ideas 

have developed since Hammarby Sjöstad was initiated, in terms of  sustainable urban development? 

1.2. Purpose and Problem Formulation



1. Introduction 15

Question Formulation

This thesis will answer the following questions:

What are the similarities between Songdo IBD and Hammarby Sjöstad?•	

What are the differences between Songdo IBD and Hammarby Sjöstad?•	

In what terms are they moving towards sustainable urban development?•	

Selection of Sites
Hammarby Sjöstad is a role model in sustainable urban planning that has gained international recognition 

and	that	is	exemplified	in	several	sustainable	urban	planning	cases.	As	an	urban	planner	active	in	the	

Stockholm region and with a strong dedication to sustainable urban planning and development, studying 

Hammarby Sjöstad in depth and learning its sustainability features is both natural and crucial for my 

own profession. Moreover, as a Swedish born Korean, studying a Korean city is derived from a personal 

curiosity and a desire to stand with one foot in Sweden and the other in Korea, both in this thesis and 

in	my	future	career.	Since	Songdo	IBD	is	the	biggest	and	perhaps	only	project	profiled	with	sustainable	

urban development currently taking place in Korea, the selection is nothing but obvious. 

Scope of Use
Through	the	compilation	of 	this	thesis,	my	hope	is	to	collectively	summarize	a	five-year	long	education	

that will form the basis for my future career and personal development. Throughout the education, 

sustainable urban development has been widely taught and discussed, and personally, I think it should 

be considered as a core in any urban development project. My ambition is to spread out this thesis to 

project organizations in upcoming projects and to urban planning practitioners that can use this as an 

inspirational source or reference for their own projects. This thesis can also be used for educational 

purposes	due	to	 its	comprehensive	description	of 	sustainable	urban	subsystems	and	exemplification	

of  successful practices of  sustainable urban development. My wish is that all urban development move 

towards sustainability and that this thesis shows that it is possible and how it is possible to create more 

sustainable cities, no matter where on earth it is taking place. 
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1.3. Delimitations

Sustainable development comprise of  several different aspects that are often collectively grouped into 

environmental, economical and social sustainability. The three aspects are equally important in terms 

of  sustainable development, and interlinked effects will be derived from improving or strengthening one 

aspect. However, this thesis focuses on the environmental aspect because it is what the cities Songdo 

IBD and Hammarby Sjöstad have focused on. The consideration of  social and economical aspects are 

limited to as being effects from improving environmental sustainability. The cities’ cultural, national, 

historical, geographical, etc. aspects are not focused on in this thesis but the consequences of  excluding 

such	are	discussed	in	chapter	6.	

Due	to	geographic	distances,	only	one	field	trip	will	be	carried	out	 to	Songdo	IBD	and	Hammarby	

Sjöstad. This will limit the amount of  information that can be gathered in situ but contact with project 

organizations will be maintained through e-mail correspondence and phone calls. 

Some data sources may be in Korean, and in such cases reservations are made to misinterpretations.

This thesis is based on the assumptions that:

both	projects	are	profiled	as	projects	moving	toward	sustainable	urban	development,	•	

the literature that has been used throughout the MSc Program in Arhictectural Engineering and •	

Luleå University of  Technology is both sophisticated and reliable,

the representative interviewees from Hammarby Sjöstad and Songdo IBD project organizations •	

provide sophisticated and reliable data,

any information source, including unpublished material, handed by the project organizations is •	

both correct and reliable because the project organizations have the greatest knowledge in their 

own projects,

the continuation of  the projects are aligned with the data handed by the project organizations •	

and the data given in the project documents, and

the project organization in Hammarby Sjöstad includes Hammarby Sjöstad, GlashusEtt, City of  •	

Stockholm, and cooperate partners of  all of  the above. The project organization in Songdo IBD 
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includes Incheon Free Economic Zone Authority, Gale International, Gale International Korea, 

Kohn, Pedersen Fox Associates PC, Pohang Iron and Steel Company and cooperate partners of  

all of  the above.

Republic of  Korea is referred to as South Korea or Korea.
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1.4. Structure of the Thesis

In chapter 2, the methodology that is used in this thesis is described in terms of  research design and data 

collection methods. The reliability of  the chosen methodology is discussed at the end of  the chapter.

In chapter 3, the theories on sustainable urban development are described. It starts with a general 

definition	 of 	 sustainable	 development	 and	 sustainable	 urban	 development	 and	 later,	 each	 urban	

subsystem is presented in theory.

In chapter 4, the two countries South Korea and Sweden are shortly introduced as well as how each 

nation has been working with sustainable development so far, and what actions that are currently 

taken towards sustainable development. Songdo IBD and Hammarby Sjöstad and their contexts are 

introduced in this chapter.

In chapter 5, each urban subsystem is studied for the two cases Songdo IBD and Hammarby Sjöstad. 

Every urban subsystem starts with a case study on Songdo IBD, followed by a case study on Hammarby 

Sjöstad, and ends with an analysis and comparison of  both cases. The analysis is based on the theoretical 

framework that is described in chapter 3.

In	 chapter	 6,	 the	 results	 from	 the	 case	 study	 analysis	 and	 comparison	 are	presented,	 followed	by	 a	

discussion and recommendations on further studies.
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The methodology chapter describes the research design and explains the data collection methods that are 

used in the thesis. The reliability of  the chosen methodology is discussed at the end of  the chapter.
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Approaching Theory and Empirical Study

There are mainly two approaches to reach conclusions from theory and empirical study, the inductive 

approach and the deductive approach	(Jacobsen	2002;	Thurén	2007;	Wallén	1996).	The	inductive	approach	is	

based on empirical data collection that in the end can generate a general and theoretical conclusion. The 

researcher	has	no	(or	often	just	a	few)	assumptions	before	the	empirical	data	is	collected.	Oppositely,	the	

deductive approach has its starting point in a general conclusion or theory that is assumed to describe a 

certain case of  interest. The researcher has a hypothesis that is empirically tested for validity.

Alvesson	and	Sköldberg	(2008)	and	Wallén	(1996)	emphasize	a	third	approach,	the	abductive approach. 

“Abduction is based on empirical data as for the inductive approach, but does not neglect the theoretical 

conceptualization	and	is	thereby	closer	to	the	deductive	approach”	(Alvesson	&	Sköldberg	2008	p.	56,	

own	translation).	

Thus, the abductive approach is a mixture of  the inductive approach and the deductive approach because 

it is based on both empirical data collection and a general theoretical framework. Through abduction, 

the researcher can make conclusions on causes to an observation. Abduction is a common method in 

case	study	research	(Alvesson	&	Sköldberg	2008;	Dubois	&	Gadde	2002).	The	abductive	will	be	used	

since	it	is	the	most	suitable	scientific	approach	for	this	thesis.

Primary and Secondary Data
Primary	data	 is	 such	data	 that	has	been	collected	by	 the	 researcher	 for	his	or	her	 specific	purpose.	

Interviews,	observations	and	experiments	are	typical	primary	data	(Bengtsson	&	Bengtsson	1995).	In	

this	thesis,	the	primary	data	is	interviews	and	field	studies.	Primary	data	is	used	to	support	the	secondary	

data in the case studies that are presented in chapter 5.

Research is seldom entirely based on primary data. Secondary data is such data that has been produced 

by others for their own purposes. Literature, papers, statistics, databases etc. are typical secondary data 

(Bengtsson	&	Bengtsson	1995).	In	this	thesis,	the	secondary	data,	which	is	the	literature	reviews,	is	also	

the main data. The background, theoretical framework and case studies that are presented in chapter 

3-5 are based on secondary data.

2.1. Research Design



22 2. Methodology

Qualitative and Quantitative Scientific Research

There	are	two	main	approaches	on	scientific	research,	a	qualitative	approach	and	a	quantitative	approach	

(Bengtsson	&	Bengtsson	1995;	Creswell	2003;	Forsberg	&	Wengström	2003;	Jacobsen	2002).	

The	qualitative	approach	is	based	on	understanding	through	experiences	and	interpretations	(Jacobsen	

2002).	Qualitative	research	is	focused	on	investigations	and	experiences	based	on	inductive	thinking,	and	

does	not	aim	to	quantify	and	usually	does	not	use	statistics	to	show	results	(Forsberg	&	Wengström	2003).	

Qualitative	 researchers	mainly	 use	 five	methods:	 observation,	 interviewing,	 ethnographic	 fieldwork,	

discourse	analysis	and	textual	analysis	(Travers	2001).	The	qualitative	approach	is	more	flexible	and	may	

be	adapted	to	the	reality	of 	the	studied	object	(Forsberg	&	Wengström	2003;	Jacobsen	2002).

According	 to	 Jacobsen	 (2002)	 the	quantitative	 approach	has	 its	 starting	point	 in	 the	belief 	 that	 the	

reality can be measured with methods and instruments that will provide information through numbers. 

Quantitative	research	is	focused	on	recognized	theories	and	principles	based	on	hypothetic	deductive	

thinking	 (Forsberg	&	Wengström	2003).	Further,	quantitative	approach	should	be	used	 to	 try	out	 a	

hypothesis	or	 to	study	a	predefined	phenomenon.	The	 researcher	 is	distanced	 to	 the	studied	object	

to	 limit	 bias	 that	 affects	 results.	 Jacobsen	 (2002)	 and	 Forsberg	 and	 Wengström	 (2003)	 emphasize	

questionnaires with answering alternatives as a typical quantitative measurement. Further common 

measures are standardized interviews and structured observations. The results are always measurable 

and	correlations	may	be	identified	(Forsberg	&	Wengström	2003).	

This thesis employs mainly a qualitative approach because it is based on understanding through experiences 

and	 interpretations	of 	 the	 two	cases.	Only	 the	 theoretical	 framework	will	 include	 some	quantitative	

features.	Systematic	literature	reviews,	observations	through	field	studies,	and	informal	conversational	

interviews are methods used in this thesis, which all derive from the qualitative approach. 

Case Study as Research Method
The case study method is used when an extensive and in-depth description is required to explain a 

certain phenomenon or case. The method contributes to our knowledge of  a certain phenomenon and 

to understanding of  the interaction between a phenomenon and its context.
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“... the essence of  a case study, the central tendency among all types of  case study, is that it tries to 

illuminate a decision or set of  decisions: why they were taken, how they were implemented, and with what 

result.”	(Schramm	1971	p.	6)

As a research method, case study is widely used to contribute to our knowledge of  a certain phenomenon. 

Case study has become a common method in widely ranging areas such as psychology, sociology, 

political science, anthropology, history, economics, business, education, public administration and urban 

planning	 (Yin	 2009).	Thereby,	 case	 study	 is	 a	 suitable	 research	method	 for	 this	 thesis	 because	 it	 is	

focused on giving an extensive and in-depth description of  two certain cases.
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Literature Reviews

According	to	Forsberg	and	Wengström	(2003),	there	are	three	approaches	to	literature	reviewing	as	a	

research instrument. All research starts with a literature overview that describes the current available data 

for a certain subject and that can motivate an empiric study. However, using literature overview as a 

scientific	method	 for	 research	 is	 seldom	 successful	 because	 included	 literature	 is	 not	 systematically	

identified,	assessed	for	quality,	and	synthesized	(Forsberg	&	Wengström	2003;	Glasziou	2001;	Mulrow	

1987).	Forsberg	and	Wengström	(2003),	Mulrow	(1994)	and	Glasziou	(2001)	suggest	systematic literature 

reviews. The purpose of  systematic literature reviews is to evaluate and interpret all available data that is 

relevant	for	the	studied	subject.	According	to	Cullum	(1999)	a	systematic	literature	review	is	based	on:	

attempts to identify relevant data, searching both published and unpublished material, systematic validity 

assessment of  each literature, and meta-analyses if  possible and suitable. Meta-analysis is described by 

Forsberg	and	Wengström	(2003)	as	a	systematic	literature	review	based	on	synthesized	scientific	data	

that has been strictly selected through systematic quality assessment. The third approach for literature 

reviews is concept analysis, which simply is analyzing a concept based on etymologic analysis, semantic 

analysis,	and	discriminant	analysis	(Forsberg	&	Wengström	2003).

Systematic literature reviewing is chosen as the main method of  this thesis because it is considered as 

suitable for the purpose of  this thesis. Because of  the immense amount of  literature available on the 

market, a selection is necessary. The selection of  literature for the theoretical framework is mainly based 

on the literature that has been presented throughout the Master of  Science Program in Architectural 

Engineering at Luleå University of  Technology because it is assumed to be both sophisticated and 

reliable. The selection of  literature for the case studies is based on the assumption that all published and 

unpublished material provided by the project organizations is valid as data source because it is provided 

by the project organizations themselves, who are assumed to have the greatest knowledge in their own 

projects. 

Field Studies
Field	studies	may	be	used	to	study	a	complex	case	in	detail	(Forsberg	&	Wengström	2003).	Field	studies	

are characterized by studying a few cases from many different aspects, and can have a clarifying and 

educational	purpose	in	studies	where	other	methods	dominate	(Eriksson	&	Wiedersheim-Paul	2001).	

2.2. Data Collection
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In	this	thesis,	field	studies	are	used	because	they	are	considered	as	suitable	for	the	purpose	to	study	

sustainable urban development practices in Songdo IBD and in Hammarby Sjöstad. The purpose of  

the	field	studies	will	be	to	clarify	the	sustainable	urban	development	practices	in	Songdo	IBD	and	in	

Hammarby Sjöstad, and will function as complements to the literature reviews.

Interviews
An	interview	may	be	defined	as	a	situation	where	a	person	asks	questions	to	another	person	(Eriksson	

&	Wiedersheim-Paul	2001).	Therefore,	in	this	thesis,	face-to-face	meetings	and	e-mail	correspondence	

will be referred to as interviews in footnotes. Extractions of  interviews that have been used in this thesis 

as data source are presented in appendix C instead of  in the reference list.

There are different instruments of  interviewing. Closed or standardized interviews have questions that are 

formulated with the aim to be understood homogeneously by the interviewees. The exact wording and 

sequence of  questions are determined in advance and do not change. General interview guide approach is 

when	subject	areas	and	themes	are	specified	in	advance	and	will	be	covered	during	the	interview,	but	

the structure of  the interview might vary. The wordings and the sequence of  questions are decided 

during the interview. Informal conversational interviews have no predetermined questions or themes. The 

questions emerge from the immediate context and the interview may be matched to individuals and 

circumstances.	 Informal	 conversational	 interviews	 are	 often	 part	 of 	 observation	 fieldwork	 (Patton	

2002).	The	 instruments	 are	 also	 known	 as	 structured interviews, semi-structured interviews and unstructured 

interviews	(Forsberg	&	Wengström	2003).

Interviews that are carried out in this thesis will have the characters of  informal conversational interviews 

because it is considered as suitable for the purpose of  this thesis. The purpose of  the interviews will 

be to gather complementary information for the case studies in chapter 5. The interviewees will be 

representatives from Hammarby Sjöstad and Songdo IBD project organizations. Recorders will be used 

if 	possible	and	suitable,	which	is	a	common	tool	for	interviews	(Forsberg	&	Wengström	2003).
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A qualitative approach is chosen for this thesis. Criticism can be aimed towards the chosen method for 

not	being	as	accurate	as	a	quantitative	approach.	However,	according	to	Jacobsen	(2002)	the	quantitative	

approach has its starting point in the belief  that the reality can be measured with methods and instruments 

that will provide information through numbers. This thesis requires a qualitative approach in its nature 

because sustainable urban development practices in Songdo IBD and in Hammarby Sjöstad and how 

they interrelate with the theories of  sustainable urban development cannot be measured with methods 

and instruments and cannot be explained through numbers. A qualitative approach is the only suitable 

method	to	fulfill	the	purpose	to	study.

In this thesis, relevant data for the systematic literature review will include literature from the Master of  

Science	Program	in	Architectural	Engineering	at	Luleå	University	of 	Technology,	scientific	data	available	

from the Swedish universities’ databases, journal articles, material handed by project organizations, 

governmental sources, technical sources, and references of  all of  the above. Both published and 

unpublished material is used. All relevant data sources are also considered as valid for this thesis. 

Criticism can be aimed towards the literature selection because the material may be both subjective and 

biased.	The	reliability	of 	the	literature	is	further	discussed	in	chapter	6.	Meta-analysis	is	not	possible	

and	suitable	for	this	thesis	because	it	is	not	strictly	based	on	scientific	data	that	has	been	strictly	selected	

through systematic quality assessment.

Interviews that are carried out in this thesis will have the characters of  informal conversational 

interviews. Criticism can be aimed towards the chosen interview instrument for being less systematic 

and less comprehensive if  certain questions do not arise during the interview. However, the purpose 

of  the interviews will be to gather complementary information for the case studies in chapter 5, and 

it will require certain explanations and will emerge questions during the interview. Therefore, informal 

conversational	interview	is	the	only	suitable	instrument	to	fulfill	the	purpose	of 	this	thesis.	Interviewees	

have been representatives from Songdo IBD and Hammarby Sjöstad project organizations and it is 

assumed that they provide sophisticated and reliable data. The interviewees have been well informed 

about the purpose of  the interview beforehand, which is crucial to achieve exhaustive and reliable 

information	(Gordon	1970).

2.3. Reliability of the Methodology



27

Theoretical Framework3. 



28 3. Theoretical Framework

This	chapter	describes	the	theories	on	sustainable	urban	development.	It	starts	with	a	general	definition	

of  sustainable development and sustainable urban development and later, each urban subsystem is 

presented in theory.
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In	 1987,	 the	 World	 Commission	 on	 Environment	 and	 Development	 (WCED),	 with	 Gro	 Harlem	

Brundtland	as	Chairman,	released	its	report	“Our	Common	Future”.	Sustainable	development,	which	

is	the	core	of 	the	report,	was	defined	as	meeting	“the needs of  the present without compromising the ability of  

future generations to meet their own needs”	(WCED	1987	p.	24).	However,	the	definition	of 	the	term	sustainable 

development has been widely criticized as ambiguous and open to a large span of  interpretations. Among 

them is the misconception of  sustainable development as environmental protection. From Brundtland’s 

report, it is, however, clear that the environmental aspect does not cover sustainable development 

alone, there are also economic and social aspects in it. Also, the term development implies improvement, 

not	necessarily	growth	as	widely	used	for	measures	of 	economic	performance	(Roseland	&	Connelly	

2005).

The Ecological Footprint
The	concept	of 	Ecological	Footprint	was	first	conceived	in	1990	by	Mathis	Wackernagel	and	William	

Rees	 (GFN	2009).	 It	measures	 the	humanity’s	demand	on	 the	planet	Earth	 in	 terms	of 	“the area of  

biologically productive land and sea required to provide the resources we use and to absorb our waste”	(WWF	2008	

p.	14).	The	Ecological	Footprint	can	be	measured	in	global	hectares	which	are	hectares	with	ability	to	

produce resources and absorb waste on world-average. In 2005, the global Ecological Footprint was 

2.7	global	hectares	per	person	while	the	biocapacity,	or	the	Earth’s	productive	area,	corresponded	to	

2.1 global hectares per person. This can also be described with number of  planet Earths required to 

meet our demands. In 2005, humanity demanded 1.3 planet Earths to support our activities, while the 

maximum biocapacity always remains on one planet Earth. The Ecological Footprint has increased 

steadily	since	1961	and	has	more	than	doubled	over	the	past	45	years	(WWF	2008).	

The average person in a developed country uses 9 times more fossil fuels and 20 times 

more aluminum, produces 4 times more household refuse, 11 times more carbon dioxide, 

26	times	more	chlorofluorocarbons,	and	75	times	more	hazardous	wastes	than	his	or	her	

counterpart	in	developing	countries	(ICPQL	1996).

3.1. Sustainable Development
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For	the	first	time	in	history	is	the	majority	of 	the	world’s	human	population	(6.8	million)	living	in	cities,	

making humanity an urban species. The United Nations predict that the world urban population will 

increase by 84 percent by 2050, implying that more than two thirds of  the world’s human population 

is	expected	to	live	in	cities	(UN	2010).	Cities	attract	people	because	economic	opportunities	and	life	

chances are often better in cities. Cities offer economies of  scale for physical mechanisms such as public 

transport,	 recycling	water	and	materials	as	well	as	 for	using	energy	efficiently,	and	cities	offer	social	

mechanisms including market, government, community organizations, cultural activities, and social 

networking	(Lee	2007).	

However, cities are also places for unsustainable consumption of  resources and where environmental 

problems are caused. Social and economic inequality takes place in cities where the high consumption 

activities cut out their disadvantaged residents. Energy supply based on fossil fuels and high energy 

and water demands in buildings cause major environmental problems and contribute to climate change 

(Sida	2007).	According	to	WorldGBC	(2010),	buildings	and	communities	are	responsible	for	over	40	

percent of  greenhouse gas emissions into our atmosphere. Also, the Ecological Footprint has increased 

steadily	since	1961	and	has	more	than	doubled	over	the	past	45	years.	In	2005,	mankind	demanded	1.3	

planet Earths to support her activities, while the maximum biocapacity always remains on one planet 

Earth	(WWF	2008).	Therefore,	a	wide	range	of 	environmental	problems	that	counteract	sustainable	

development	must	be	dealt	with	in	cities,	such	as	traffic	congestions,	air	pollution,	lack	of 	biological	

diversity,	waste	problems	etc.	(Sida	2007).	A	city	moving	toward	sustainability	improves	public	health	

and well-being, lower environmental impacts, increasingly recycles its materials, and uses energy with 

growing	efficiency.	Note	the	word	toward:	it	is	unrealistic	for	a	human	economy	to	have	no	impacts	on	

the Earth, but it is necessary to share its resources more equally and in ways that enables our species to 

endure	on	a	finite	planet	(Lee	2007).	

Sustainable Cities: Subsystems 
Sida	 (2007)	 has	 developed	 a	 conceptual	 model	 for	 a	 systematic	 and	 integrated	 approach	 to	 urban	

environment,	see	figure	3.2.1.	The	model	emphasizes	health,	comfort,	safety	and	life	quality	by	focusing	

on the environmental factors. Along with the environmental factors are the urban subsystems and 

institutional factors that can support sustainable urban development. Substantial improvements must 

3.2. Sustainable Urban Development
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FIGURE 5. Conceptual model showing a more detailed picture of environmental factors, subsystems and institutional factors
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Figure 3.2.1.	Conceptual	model	(Sida	2007)

be seen in the subsystems to create sustainable cities and institutional factors have to be taken into 

consideration if  long term change is to be possible. The planning process or work procedure can be 

thought	of 	 as	 a	 further	dimension	 that	 should	be	 considered	 to	find	 solutions	 appropriate	 to	 local	

conditions. 

The	seven	subsystems	are	urban	functions	(urban	patterns),	landscape	planning,	traffic	and	transportation,	

energy, waste, water, and building and architecture, and will be described in the following chapters 

(starting	at	chapter	3.4)	together	with	the	concept	of 	sustainable	planning	process.

Sustainable Communities: Capitals
Sustainable development is often described in terms of  three interlinked aspects: economic, social and 

environmental	sustainability	(WCED	1987;	Strange	et	al.	2008).	In	understanding	sustainable	community	

development, communities may be regarded as assets or capitals that are created in all transformation 

or	transaction	activities	(Ostrom	1993	referred	to	in	Roseland	&	Connelly	2005).	Further,	strengthening	

these community capitals is the foundation for sustainable communities.	Roseland	and	Connelly	 (2005)	

suggest that a community may consist of  six capitals; natural, physical, economic, human, social and 

cultural capital, described as follows:
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Natural capital•	 	refers	to	the	natural	assets	that	are	sources	to	flow	of 	floods	and	services	that	

are	potentially	sustainable,	i.e.	a	forest,	a	fish	stock,	or	an	aquifer.	Our	consumption	of 	natural	

capital will reduce if  we for example, live within the ecological limits, manage our resources, and 

minimize	waste	(Roseland	&	Connelly	2005).

Physical capital•	 	refers	to	material	resources	that	can	be	used	to	produce	a	flow	of 	income.	Efficient	

transportation, land use planning, water and sanitation management, and focusing on other 

community	assets	are	all	examples	of 	means	to	improve	physical	capital	(Roseland	&	Connelly	

2005).

Economic capital•	  comprise all the decisions on how our resources will be used. Strengthening 

economic capital focuses, inter alia, on making more with less, circulating money, and making 

things	ourselves	(Roseland	&	Connelly	2005).

Human capital•	  is the intelligent individuals who ensure the creation of  their personal, social and 

economic security (Healy	et	al.	2001).	Peace	and	safety,	food,	shelter,	education,	income	and	

employment	and	other	basic	determinants	are	focus	areas	for	increased	human	capital	(Hancock	

2001).

Social capital •	 may be referred to the social structures and relations people independently build 

up	themselves	(Roseland	&	Connelly	2005).	It	is	the	relationships	and	networks	we	create	

that	may	facilitate	collective	action	(Healy	et	al.	2001).	Increasing	social	capital	focuses,	inter	

alia, on community cohesion, connectedness, reciprocity, tolerance, patience, fellowship, and 

norms or other commonly accepted rules and ethics. High levels of  violence and mistrust are 

consequences	of 	shortages	in	social	capital	(Goodland	2002).

Cultural capital•	  refers to traditions, customs, values, heritage, identity, and history, from which the 

product	of 	shared	experiences	enhances	(Roseland	&	Connelly	2005).	Increasing	cultural	capital	

implies	attention	to	traditions	and	ceremonies,	historical	and	cultural	patterns,	fine	arts,	heritage	

and	place	(Berg	2002).
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New Urbanism

New Urbanism is an urban design movement promoting walkable neighborhoods and a diverse mix of  

housing	and	job	types.	The	Congress	for	the	New	Urbanism	(2001)	has	set	principles	for	public	policy,	

development practice, urban planning, and design. The principles are divided into three levels of  scale:

the region: metropolis, city and town;•	

the neighborhood: district and corridor and,•	

the block: street and building•	

CNU	(2001)	stress	that	the	regional	context	must	be	understood	because	the	city	must	eventually	adapt	

to its region in terms of  inhabitants, jobs, housings, landscapes etc. Towns and cities should have clear 

boundaries that contribute to a sense of  place and boundaries such as open space, wilderness and 

farmland should be preserved. 

The	walkable	neighborhood	is	a	key	feature	of 	New	Urbanism.	A	five-minute	walk	or	about	400	meters	

from	the	center	to	edge	is	an	optimal	size	for	a	neighborhood	(Clarke	2003).	The	short	distances	allow	

people to walk to their daily activities and allow independence to those who do not drive. Neighborhoods 

must	also	be	compact	with	appropriate	densities	to	serve	the	public	transportation	system.	Within	a	five-

minute walk, people are also more likely to walk to the transit stop. Further, mixed use and diversity are 

other key principles of  New Urbanism. A wide range of  housing types is considered as important for a 

diverse mix of  people with different ages, ethnics and incomes, and remote single-use complexes should 

be replaced by embedded civic, institutional, and commercial activities in the neighborhood or district. 

Also,	 infill	development	projects	on	vacant	land	are	promoted	because	they	conserve	environmental	

resources, have economic advantages, and they preserve the social fabric. Such projects also reclaim 

abandoned	areas	within	the	city	(CNU	2001).	

Green Building Councils
Green	Building	Councils	(GBCs)	are	rapidly	being	formed	around	the	world	as	a	response	to	the	global	

awareness	of 	the	urgent	need	to	reduce	environmental	degradation.	GBCs	are	non-profit	organizations	

that integrate sector-representatives and work closely with its nation’s governmental agencies. They 
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have a strong belief  that buildings and communities can develop towards sustainable development by 

bringing	together	leaders	in	the	industry	(WorldGBC	2010).	Members	of 	a	GBC	are	businesses	from	

across the industry, non-governmental organizations, academic institutions and government agencies. 

Architects, engineers, investors, developers, contractors, consultants or anyone involved in the process 

of  planning, designing, constructing, maintaining and operating a GBC building are brought together 

(UK-GBC	2010).	

There are currently 59 GBCs around the world, among which are Korea Sustainable Building Council 

and Sweden Green Building Council. 8 GBCs have developed their own rating systems that meet the 

local needs and regulations for their country. Two of  them are U.S. Green Building Council’s LEED 

Green Building Rating System and U.K. Green Building Council’s BREEAM	(WorldGBC	2010).	

Leadership in Energy and Environmental Design, LEED®

In 2000, the U.S. Green Building Council established the internationally recognized Leadership in 

Energy	and	Environmental	Design	 (LEED)	Green	Building	Rating	System.	LEED	provides	a	 third	

party	validation	of 	a	project’s	green	features	in	terms	of 	energy	savings,	water	efficiency,	carbon	dioxide	

emission reduction, improved quality of  indoor environment, and administration of  resources and 

their impacts. The projects are awarded credits for a number of  green building features and are entitled 

a	Certified	<	Silver	<	Gold	<	or	Platinum	certification	depending	on	the	number	of 	awarded	credits	

(USGBC	2010).

The projects are categorized into different rating systems. For example, LEED for New Construction 

(LEED-NC)	focuses	on	office	buildings	but	also	covers	commercial,	institutional	and	high-rise	residential	

projects.	LEED	for	Core	&	Shell	(LEED-CS)	covers	basic	construction	elements	in	buildings,	such	as	

the	structure,	the	envelope,	building-levels,	and	central	HVAC	(USGBC	2010).	Common	for	LEED-

NC v2.2 and LEED-CS v2.0 Rating Systems are, inter alia, prerequisites such as Construction Activity 

Pollution	Prevention,	Fundamental	Commissioning	of 	 the	Building	Energy	Systems,	 and	Storage	&	

Collection	of 	Recyclables	(USGBC	2005;	USGBC	2006).	

LEED	 for	 Neighborhood	 Development	 (LEED-ND)	 is	 a	 new	 green	 neighborhood	 certification	

program developed by the U.S. Green Building Council. LEED-ND integrates green buildings with the 
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principles of  New Urbanism and smart growth into a program for neighborhood design, promoting 

walkable	communities,	public	transit,	and	efficient	energy	and	water	use	(USGBC	2010).	To	be	LEED-

ND	certified,	prerequisites	such	as	Wetland	and	Water	Body	Conservation,	Walkable	Streets,	Compact	

Development,	and	Certified	Green	Building	must	be	met.	However,	 in	 the	pilot	version	of 	LEED-

ND,	 the	 rating	system	 is	a	 little	different,	 for	example	 is	Certified	Green	Building	optional	and	not	

a	prerequisite	(compare	CNU	et	al.	2009	and	CNU	et	al.	2007).	Other	rating	systems	are	LEED	for	

Existing	Buildings,	Schools,	Healthcare,	Retail,	Homes,	and	Commercial	Interiors	(USGBC	2010).

BRE Environmental Assessment Method, BREEAM

BREEAM is an environmental assessment method for buildings founded by the U.K Green Building 

Council in 1990. Any type of  building, both new and existing, can be assessed on its environmental 

performance.	The	projects	are	categorized	into	different	assessment	schemes	such	as	Offices,	Retail,	

Education, Healthcare, Multi-residential, Ecohomes, International etc. Credits are given within the 

areas Management, Health and Wellbeing, Energy, Transport, Water, Material and Waste, Landuse and 

Ecology,	 and	Pollution.	The	 buildings	 are	 then	 rated	 on	 a	 scale	 of 	 Pass	<	Good	<	Very	Good	<	

Excellent	<	or	Outstanding	(BREEAM	2010).

BREEAM Communities was developed as a new approach to the sustainability assessment of  the 

built environment. The assessment scheme is used by planners and developers at the planning stage to 

improve and measure the sustainability and to independently certify the development proposals. The 

assessed categories are Climate change and energy, Community, Place making, Buildings, Transport 

and movement, Ecology, Resources, and Business. BREEAM Communities focuses on principles that 

correspond	to	the	concept	of 	New	Urbanism	such	as	efficient	use	of 	land,	walkable	neighborhoods,	

and	public	transportation	(BREEAM	2010).	
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In	urban	planning,	symbiosis	means	finding	synergies	between	urban	technology	systems	that	are	more	

efficient	by	 saving	natural	 resources	and	costing	 less.	Synergies	between	different	urban	 subsystems	

are	key	components	in	the	SymbioCity	concept,	see	chapter	4.4.	(SymbioCity	2008).	Here	is	presented	

examples of  synergies between different urban subsystems according to the SymbioCity concept.

Synergies between Energy, Waste and Water Systems
Energy, waste, and water systems have great potential to be integrated to obtain numerous environmental, 

economic	and	social	benefits.	Through	waste	incineration,	the	significant	amount	of 	energy	in	waste	can	

be	recovered	and	used	as	a	source	for	the	district	heating	system	(Thomas	2003b).	Also,	organic	waste	

from households and restaurants, toilet waste and sludge from wastewater treatment plants etc. that can 

be utilized for the production of  biogas. Biogas contains methane which makes it a good candidate for 

heating, cooking, and electricity production or even as fuel for vehicles. In turn, the residue from the 

process has good potential to be used as fertilizer in agriculture. That is both the end and the beginning 

of  the eco cycle for food and is a great example of  how the infrastructure system can co-work in the 

eco	cycle	if 	the	subsystems	are	combined	(Sida	2007).

Nonetheless is integrated landscape planning essential to reach the sustainability goals. With conscious 

landscape planning, treatment facilities for stormwater can be integrated in the landscape and wastewater 

can	be	reused	for	irrigation	and	other	landscaping	purposes	(Sida	2007).	

Integrated Traffic and Transportation and Land Use Planning
Integrated planning of  the transportation system and the land use for different urban functions can 

reduce	travel	demands,	both	private	and	public.	In	fact,	for	an	efficient	public	transportation	system	the	

integration	is	a	prerequisite	because	higher	density	at	(transportation)	nodes	and	along	transportation	

corridors	 will	 provide	 a	 sufficient	 catchment	 area	 to	 the	 public	 transportation	 system	 (Sida	 2007).	

Thus, public transportation can be, and should be, promoted in the built structure to enhance a more 

sustainable	travel	behavior	(SWECO	2008).	

Pedestrians and bicycles should be prioritized as transportation modes and in the integrated planning of  

traffic	and	transport	land	use	(SWECO	2008).	Among	many	aspects,	high	accessibility	to	the	facilities	

in the city and short distance and travel time is, as for any other transportation modes, the key for 

3.3. Synergies between Different Urban Subsystems
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an attractive cycling and walking net. As distances increase, the tendency to cycle decreases and at 5 

kilometers or longer distances we are likely to choose other transportation modes than the bicycle. 

Therefore, depending on where and how the urban functions and facilities are located within the city, 

the	land	use	planning	will	affect	the	network	of 	bicycle	lanes	and	footpaths	(Vägverket	et	al.	2007).	Also,	

the selection of  transportation mode to and from workplaces has proven to be highly effected by the 

distance to central stations. Studies have shown that workplaces on a distance of  not more than 500 

to	600	meters	are	what	workers	find	acceptable	to	walk	from	central	stations.	Reduction	of 	travelling	

is	most	efficient	if 	a	workplace	is	located	to	the	inner	city	where	accessibility	by	car	is	limited	because	

of  parking restrictions, where the bicycle is central and accessibility with public transportation is good 

(Schylberg	2008).

Integrated Building and Architecture and Landscape Planning
The layout of  the buildings and its adaption to the surrounding landscape is important in terms of  

environmental,	economic	and	social	sustainability.	For	example,	reserving	steep	land	and	difficult	terrain	

not	only	preserves	the	natural	ecology,	it	will	also	create	site	specific	characteristic	values	(Von	Borcke	

2003).	The	specific	layout	of 	buildings	will	determine	the	level	of 	opportunities	to	use	solar	energy	for	

heating	and	electricity	(Sida	2007;	Thomas	2003a).	Also,	one	important	feature	of 	the	urban	landscape	

is the urban agriculture that is represented in buildings. Balconies, backyards and greenhouses are all 

within	the	field	of 	integrated	building	architecture	and	urban	landscape	planning	(Roseland	&	Connelly	

2005).
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Sustainable Land Use

Since the 1950s, planning has been based on the transportation of  cars. Leisure and shopping have 

taken place where accessibility from cars have been easily achieved instead of  in traditional centers, and 

sites for different functions have been dimensioned to give place to parking space. However, since about 

10 years, priorities are changing and walking, cycling and public transport are becoming re-established 

and	 preferred	 as	 transportation	means	 (Clarke	 2003).	 According	 to	 Roseland	 and	Connelly	 (2005),	

infrastructure will support planned growth and changes in the urban structure, if  the land use plan is 

robust.	There	are	a	number	of 	features	of 	an	energy	efficient	land	use	(The	Sheltair	Group	2001):

decentralized, small scale commercial and community services,•	

residential clustering or nodes,•	

high density,•	

mixed use of  housing, services, retail, commercial and/or light industry,•	

higher densities along established transit routes,•	

infill	development	of 	existing	vacant	sites	in	built-up	areas,•	

walking, bicycling and public transit access to major public facilities, and•	

high quality walking and bicycling facilities: safe, attractive and continuous paths. •	

Suburban areas with low densities are often more depended on cars and they are also expensive in 

terms	of 	environmental	costs,	economic	costs	and	resource	consumption	(Roseland	&	Connelly	2005).	

Dense cities are therefore often much better than low density cities. Creating more compact areas 

does	not	necessarily	mean	making	use	of 	 farmland	 and	natural	 areas.	Brownfield	development	 and	

infill	development	are	examples	of 	creating	denser	cities	by	reducing	infrastructure	costs	and	reusing	

declining	urban	areas	(Tomalty	2003).	

3.4. Sustainable Urban Patterns
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Sustainable Urban Structure

At regional or city level, sustainable urban form is created by polycentric urban structures. They can be 

described as a network of  communities or satellite cities, distinct but overlapping, within which people 

can access to basic services by foot. In other words, it is communities where day-to-day facilities can be 

reached	within	about	a	10-minute	walk,	which	is	about	800	meters	(Clarke	2003).

At block or building level, subdivision of  plots is a planning principle where different developers can 

act and a mix of  urban functions can take place within the same block. Socially integrated, economically 

sustainable	and	spatially	interesting	urban	environments	may	be	created	(SWECO	2008).	

Streets	and	street	blocks	define	our	movement	routes	and	are	the	elements	by	which	direct	pedestrian	

movement to and from facilities are enabled. Streets also play the role as a place to live, shop, park, 

transport,	 and	 for	 children	 to	play	 (Clarke	2003).	However,	 safety	 issues	may	be	 referred	 to	 streets	

because when people feel unsafe in a certain city or district, they mostly mean that they do not feel safe on 

the	streets	(Jacobs	2000).	The	feeling	of 	safety	is	not	a	direct	result	from	polices	or	surveillance	cameras.	

Even	though	the	police	are	necessary	in	the	city,	Jacobs	(2000)	further	explain	that	it	is	the	complex	

network of  unwritten rules, almost unconscious to the people and which they have created themselves 

and participate in maintaining it, that will make us feel safe walking around in the neighborhood. That is, 

during the 24 hours of  a day, streets need people, interaction, social mix, movement, passers, stoppers, 

pedestrians, bikers, vehicles and so on. Streets need street life. 

Sustainable Urban Functions and Mixed Use
Even though the structure of  the urban environment is an important component for a more sustainable 

future,	Clarke	(2003)	stresses	that	 it	 is	 in	 itself 	not	the	answer	to	reach	sustainability.	It	depends	on	

the development of  transportation means, energy, water and waste management, other infrastructural 

designs etc. among many other detail issues. Socially mixed communities, provision of  services and 

facilities that meet our needs, open and honest dialogue within neighborhoods, provision of  high quality 

public transport, visions etc. are equally important. 

A city is a place where people live and reside and must therefore provide commercial, social, cultural, 

recreational,	and	transportation	services.	Other	functions	such	as	administrative	services	and	ecological	
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services are also in the span of  urban functions. To enhance city life and a livable city during both 

day time and evenings, urban functions must be integrated and mixed in a complex net of  activities. 

In other words, the key to reach environmental, social, economic and spatial goals is to mix “all urban 

functions on different urban levels”	(SWECO	2008	p.	69).	SWECO	(2008)	further	categorizes	urban	levels	

into following: 

city level – city administration, universities, major sports arenas, institutional hospital, resource •	

management center etc.,

city district level – city district administration, high schools, district health care center, local waste •	

management centers etc., and 

neighborhood	level	–	elementary	schools,	fitness	centers,	family	doctor,	local	grocery	store,	waste	•	

chutes etc. 

Mixed-use streets are important components in sustainable communities because residents in mixed-

use	streets	are	encouraged	to	walk	or	cycle	to	local	retail,	leisure	and	public	facilities	(Jones	et	al.	2007).	

Further, mixed-use streets with strong transport links provide customers from a wide area and contribute 

to	economically	sustainable	centers	in	the	local	area.	In	terms	of 	diversity,	Jacobs	(2000)	argues	that	

mixed	use,	by	definition,	generates	diversity	because	of 	the	range	of 	activities,	people,	time	and	space	

that mixed-use cities constitute. Not only is there a larger span of  age and ethnicity but it can also be 

said	that	gender	equality	is	supported	because	those	without	access	to	cars	(often	tend	to	be	women	

(Skutsch	2002))	can	access	to	the	streets.	Mixed-use	streets	also	provide	local	identity	and	a	natural	focal	

point	for	planned	and	unplanned	social	interaction	(Jones	et	al.	2007).

Barton	et	al.	(1995)	set	out	three	basic	principles	that	support	mixed	use	as	an	agent	for	sustainability.	1)	

There	should	be	a	balance	of 	homes,	jobs	and	services	in	the	city.	2)	In	commercial	centers,	functions	

such	as	office,	retail,	leisure	and	civic	should	be	combined	with	residential	uses.	For	this,	a	high	population	

density	is	required.	3)	The	benefits	of 	mixed	use	and	multi-functional	streets	will	be	seen	only	if 	the	

functional	linkages	are	key	determinants	in	traffic	and	transportation	planning	and	other	site	planning	

(Barton	et	al.	1995).
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City and Landscape

The space between the buildings, where plants may grow and where social interaction may take place, 

is the basis for our landscape. Landform, ecosystems and open space networks are all elements in 

the landscape. To think of  landscape as an integrated element in the city, allows us to understand 

the	environment	as	a	balanced	coexistence	of 	city	and	nature.	Being	site	specific	is	a	key	strategy	in	

landscape	 planning	 because	 landscape	 is	 influenced	by	 the	 local	 climate,	 local	 landforms	 and	 other	

local	conditions.	For	example,	reserving	steep	land	and	difficult	terrain	not	only	preserves	the	natural	

ecology,	it	will	also	create	site	specific	characteristic	values	(Von	Borcke	2003).	

Nature and landscape contribute to sustainability in urban areas, ecologically by improving the 

microclimate, affecting the diversity of  species and creating wildlife habitat, socially by increasing 

attractiveness of  places, counteracting urban stress and improving quality of  life, and economically by 

retaining property value because of  a perceived better quality of  life. The fundamental landscape design 

concept is to create a network of  open spaces in the city. This allows wildlife habitats to move more 

freely and to integrate, and thus contributes to increased biodiversity. However, other factors such as 

type	of 	soil,	access	to	water,	and	selection	of 	plants	influence	biodiversity	as	well	and	need	therefore	

careful	selection	(Von	Borcke	2003).

Urban Landscape
Through	 good	 landscape	 design,	 little	more	 sustainability	 can	 be	 added	 to	 the	 city.	On-site	 natural	

drainage	can	improve	water	quality,	reduce	risk	of 	flooding	and	unburden	the	municipal	sewage	system.	

It will also add to more blue in the city and something to rest the eye on. Ditches and swales have high 

environmental value since they provide a different habitat for animals, as well as low construction costs 

since they only need grass or any water-loving plants. Permanent retention ponds such as wetlands have 

even higher environmental value since they not only create new habitats but also add aesthetic value and 

have	filtrating	functions	(Von	Borcke	2003).	In	a	smaller	scale,	Roseland	and	Connelly	(2005)	suggest	

urban agriculture to expose environmentally sound alternatives to conventional urban landscaping. 

Home-grown food reduces packaging waste and energy consumption, food travel shorter distances, 

and local farms and gardens can use the municipal organic waste for compost. Community gardens, 

backyards, greenhouses and balconies are all examples of  urban agriculture. 

3.5. Sustainable Landscape Design
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However,	Roseland	and	Connelly	(2005)	also	stress	that	even	though	parks,	tree	plants	and	open	space	

can add aesthetic and recreational values, they also demand costly amounts of  water, fertilizer and 

maintenance. In fact, they contribute little in terms of  wildlife habitat. Hence, adding more green to the 

city	does	not	necessarily	lead	to	sustainable	environment.	Nevertheless,	Von	Borcke	(2003)	on	the	other	

hand argues that any form of  vegetation contributes to better microclimate. This can for example be 

understood by the concept of  photosynthesis, which is that vegetation draws carbon dioxide from the 

air and produces oxygen in turn. In addition, vegetation bind airborne particles and urban pollutants, 

absorb noise, temperate, and act as windbreaker etc.
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Sustainable Transportation

Travel is not just a mean to reach the destination but it is an act itself  that should be both sustaining and 

sustainable. Therefore, sustainable transport stands for providing opportunities for social interaction and 

urban	life,	and	for	promoting	human	health	(Thorne	&	Filmer-Sankey	2003).	In	contrast	to	the	widely	

analyzed term sustainable development,	little	work	has	been	done	defining	sustainable transportation (OECD	

1996).	At	the	OECD	Vancouver	Conference	in	1996,	environmentally	sustainable	transportation	was	

suggested as: 

“Transportation that does not endanger public health or ecosystems and meets mobility needs consistent 

with	(a)	use	of 	renewable	resources	at	below	their	rates	of 	regeneration	and	(b)	use	of 	non-renewable	

resources	at	below	the	rates	of 	development	of 	renewable	substitutes.”	(OECD	1996	p.	12)

A number of  changes are substantial for sustainable transport. First of  all, the need to travel and the 

distance that people have to travel must be reduced, particularly daily journeys to work, school and 

shops. Secondly, a change in the mode of  travel is essential. This may be changing from using the car to 

walking or cycling. In fact, we tend to use the car even though cycling actually is quicker than car. Finally, 

technology	needs	to	improve,	i.e.	cars	must	become	more	energy	efficient	and	less	polluting	(Thorne	&	

Filmer-Sankey	2003).

Thorne	and	Filmer-Sankey	(2003)	argue	that	changes	in	travel	needs	and	new	technology	are	crucial,	

but not as crucial as in changing urban design priorities. Higher density development can provide better 

public	transport	because	more	people	live	there.	Mixing	for	example	residence,	office	and	commerce	

within the same area will provide a range of  services within a walking distance. Locating major shopping 

or working centers near to public transport interchanges and connecting them with local walking and 

cycling paths will let people leave their cars at home. This leads us to the key of  planning for a good 

public	transport.	Not	only	must	public	transport	be	smart,	safe	and	efficient,	it	must	be	integrated	with	

other transport systems, and stops and interchanges must be easily accessible.

Transport Demand Management
Solutions to transport problems may involve large investments in reconstructing roads, bike lanes and 

new tram lines. It may involve transforming the physical structure of  an urban environment with, again, 

3.6. Sustainable Traffic and Transportation
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the	help	of 	large	investments.	However,	Roseland	and	Connelly	(2005)	stress	that	sustainable	transport	

may also consist of  management innovations that encourage people to walk or cycle and that encourage 

efficiency	in	the	public	transport	system.	Such	measures	that	manage	mobility	go	under	the	collective	

term	Transport	Demand	Management	(TDM)	(Roseland	&	Connelly	2005).	TDM,	in	Europe	called	

Mobility	Management,	is	defined	in	the	MAX	projects	as:

“…a concept to promote sustainable transport and manage the demand for car use by changing travelers’ 

attitudes and behavior. At the core of  Mobility Management are “soft” measures like information and 

communication, organizing services and coordinating activities of  different partners. “Soft” measures 

most	often	enhance	the	effectiveness	of 	“hard”	measures	within	urban	transport	(e.g.,	new	tram	lines,	

new	roads	and	new	bike	lanes).	Mobility	Management	measures	(in	comparison	to	“hard”	measures)	do	

not	necessarily	require	large	financial	investments	and	may	have	a	high	benefit-cost	ratio.”	(MAX	2007	

p.	9)

Thus,	 Roseland	 and	 Connelly	 (2005)	 support	 that,	 if 	 considering	 all	 costs	 and	 benefits	 and	 with	

complementary strategies, TDM is often the most cost-effective way to improve transportation. Among 

the	measures	 are	 car	pooling,	parking	management	 including	priorities	 for	 energy	 efficient	vehicles,	

managing transit fares, bicycle campaigns, bicycle parking and hiring management, congestion charging, 

travel	information,	traffic	calming,	etc	(Roseland	&	Connelly	2005;	MAX	2007).
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The	concept	of 	sustainable	energy	systems	is	first	reducing	demand,	i.e.	consumption,	and	then	meeting	

the	demand	with	renewable	energy	sources	(Thomas	2003b).	

Energy Sources

Direct Solar Energy 

Direct solar energy is solar energy that is not embedded in, for example, wind or water movements, 

wood, food, coal, oil, and natural gas. Direct solar energy is what we usually refer to as solar power, when 

we	use	sunlight	for	heating	or	producing	electricity	(Hough	2006).	The	greatest	advantage	of 	direct	

solar energy is that it can be supplied without any environmental pollution, compared to other forms 

of 	energy.	Typical	solar	thermal	systems	use	some	kind	of 	solar	collector,	often	fitted	on	roof 	tops	

(Thomas	2003b),	that	absorbs	the	solar	radiation,	converts	it	into	heat,	and	transfers	the	heat	to	a	fluid	

(Kalogirou	2006).	For	producing	electricity,	photovoltaics	are	extremely	low-polluting,	environmentally	

friendly systems that are established and reliable in technology. In buildings, the photovoltaic panels, 

are often seen on roofs and walls, where overshadowing can be avoided, to produce electricity directly 

from	solar	radiation	(Thomas	2003b).	Photovoltaic	panels	are	connected	to	either	independent	systems	

with,	for	example,	batteries	for	storing	energy	or	supply	energy	to	the	power	grid	(Roseland	&	Connelly	

2005).	Thomas	(2003b)	argues	the	latter	is	the	most	promising	system	since	they,	by	supplying	excess	

energy to the grid, are currently most cost-effective. Some of  the ongoing research is moving towards 

developing	hybrid	photovoltaic	and	solar	thermal	panels.	Nonetheless,	Thomas	(2003b)	stress	that	the	

costs for photovoltaic power are still quite expensive, even though almost everyone agrees that prices 

will become economic. 

Wind Power 

Wind turbines can either stand alone to supply electricity for homes, farms or small communities, or 

stand	clustered	to	generate	power	for	the	electrical	grid	(Roseland	&	Connelly	2005).	Such	large	wind	

farms are being constructed around the world, both on land and off-shore, and the price of  energy 

from	them	is	becoming	more	and	more	competitive.	However,	Thomas	(2003b)	argues	for	two	main	

reasons to consider smaller urban versions of  wind turbines. Firstly, there is a question of  aesthetics 

which brings opinions that they spoil the countryside visually and acoustically, although wind farms can 

be considered as beautiful by others. Secondly, there are issues of  construction and maintenance costs 

3.7. Sustainable Energy Systems
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for off-shore wind farms, as well as long transmission distances to the end user. The issues of  noise and 

safety exist in urban environments too, but there is, nonetheless, wind in the city. The issues have come 

down to depend on design and execution. For example, for urban environments, vertical-axis devices 

can be installed on roof  tops, thus removing the noise hub some meters up from ground level.

Fuel Cells 

Fuel	 cells	 are	most	 often	 referred	 to	 a	 technology	 using	 hydrogen	 to	 produce	 direct	 current	 (d.c.)	

electricity. The process is rather simple; hydrogen is combined with oxygen, thus producing electricity 

(d.c.)	and	water.	Heat	 is	a	byproduct	coming	off 	 from	the	process,	making	fuel	cells	candidates	 for	

combined	heat	and	power	plants	(Thomas	2003b).	Fuel	cells	using	hydrogen	gas	is	a	clean	and	efficient	

technology	but	 nothing	 comes	without	 risks	 (Roseland	&	Connelly	 2005).	Thomas	 (2003b)	 further	

explains that hydrogen burns and is capable of  forming explosive mixtures. Roseland and Connelly 

(2005)	suggest	that	further	studies	to	ensure	safety	is	required,	not	until	then	can	it	be	used	in	vehicles	

and for building and community heating.

Waste

Energy recovery from waste is likely to be included in sustainable waste policies since the amount of  

energy	in	waste	is	significant,	especially	industrial	waste.	Dry	sewage	sludge	can	produce	methane	gas,	

which	in	turn	will	produce	electricity	(Holden	2001).	However,	the	more	waste	is	recycled,	the	less	will	

waste	be	used	for	energy	recovery	(Thomas	2003b).	

Biomass 

Biomass is referring to waste from living organisms such as agricultural plants and organic waste that 

can	be	used	as	an	energy	source,	replacing	fossil	fuels	(Roseland	&	Connelly	2005).	Such	crops	absorb	

carbon dioxide during photosynthesis and will therefore not result in a net increase in atmospheric 

carbon	 dioxide	 (BIOMASS	 Energy	 Centre	 2008).	 Energy	 derived	 from	 biomass	 is	 considered	 as	

renewable because it can be replenished and sustainable because greenhouse gas emissions will decrease 

if 	biomass	is	used	instead	of 	fossil	fuels	(DOE	2010).	However,	Roseland	and	Connelly	(2005)	stress	

that, except from being considered as carbon dioxide neutral, biomass still do contribute to air pollution 

and greenhouse gases, just like any other fuel. It is therefore not strictly a renewable technology. 
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Liquefied Natural Gas

Liquefied	natural	gas	(LNG)	is	mostly	composed	by	methane	(80-99	percent)	that	is	cooled	down	into	

liquid form, and is used as fuel for electricity generation, district heating and cooling, and cooking food. 

LNG is considered as the cleanest burning fossil fuel, being odor free, non-toxic and non-corrosive in its 

converted	state	(CLNG	2010).	However,	concerning	the	lifecycle	of 	LNG,	it	is	criticized	for	generating	

significant	amount	of 	additional	greenhouse	gas	emissions	when	the	gas	is	extracted,	liquefied,	gasified	

and	transported	(RACE	2010).	

Energy Distribution and Supply

Combined Heat and Power Plant 

In	cities	where	the	demand	for	electrical	energy	is	high,	combined	heat	and	power	(CHP)	plants	are	

commonly introduced. The CHP plant produces electricity and recovers waste heat, which is a waste 

product, to supply part of  the heating load in the district heating system. CHP can be criticized for 

constant changes in technology, the costs of  fuel and the carbon dioxide produced. However, compared 

to	conventional	separate	heat	and	electricity	supplies,	CHP	can	gain	significant	environmental	benefits	

(Thomas	2003b).	

District Heating and District Cooling

District heating is a large scale system that centrally supplies an area with hot water or steam through a 

network of  underground pipes. When CHP plants are used, generating heat through this system can be 

cost effective and reduce carbon dioxide emissions, compared to generating heat in individual properties. 

The	heat	can	be	converted	into	cooling	using	absorption	chiller,	which	optimizes	the	efficiency	of 	the	

system,	particularly	during	summer	when	produced	heat	can	be	used	(DECC	2009).
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Waste Management Hierarchy

If  reducing demand for energy is the key concept of  sustainable energy systems, reducing amount of  

waste	generated	 is	 the	key	element	of 	 sustainable	waste	management	 (Ritchite	2003).	 In	 the	widely	

used and promoted waste management hierarchy, reduction is the most favored option while disposal 

is	the	least	desirable	(Gertsakis	&	Lewis	2003).	The	European	Commission	recognizes	a	number	of 	

overarching waste management principles, among which is the following:

“Waste management hierarchy: Waste management strategies must aim primarily to prevent the generation 

of  waste and to reduce its harmfulness. Where this is not possible, waste materials should be reused, 

recycled	or	recovered,	or	used	as	a	source	of 	energy.	As	a	final	resort,	waste	should	be	disposed	of 	safely	

(e.g.	by	incineration	or	in	landfill	sites).”	(European	Commission	2008	p.	397)

Preventing waste generation comes down to the processes in industries and the choices we make as 

consumers. In production processes waste can be used for other products and less material can be used. 

Products with better technical and functional sustainability, repairable and easily maintained products, 

reuse	of 	products	and	second	hand	usage	etc	are	all	means	to	minimize	waste	generation	(Ekvall	et	al.	

2009).	

Waste Fractions as a Resource
Waste treatment is different depending on what kind of  waste it is and therefore, the key to successful 

waste management is to separate waste by fractions at its source. Solid waste can be recycled to raw 

material while domestic hazardous waste need special treatment and must be disposed in special basins. 

Food waste can be connected to the blackwater system ending up at anaerobic digesters. Also energy 

recovery	is	possible	for	high	calorific	waste	(SWECO	2008).

Otterpohl	 et	 al.	 (1997)	 classify	 domestic	waste	 and	wastewater	 into	 four	 groups,	 each	with	 its	 own	

appropriate	treatment.	In	the	first	group	is	biodegradable	solid	waste	and	feces	with	urine.	Treatment	

is suggested by separation of  feces and urine from the domestic wastewater with vacuum toilets 

connected	to	anaerobic	digesters.	The	second	group,	greywater	(from	bathrooms,	washing	machines	and	

kitchen)	is	further	suggested	a	decentralized	aerobic	treatment	in	constructed	wetlands.	For	stormwater	

treatment,	which	is	the	third	group,	local	infiltration	of 	stormwater	to	avoid	centralized	sewage	systems	

3.8. Sustainable Waste Management



493. Theoretical Framework

is considered as an appropriate treatment in terms of  sustainability. Lastly, non-biodegradable solid 

waste is simply recommended to be processed to raw material.

Pneumatic Waste Collection System
Pneumatic waste collection technology is currently available for, among others, domestic waste 

management, public litter bins and kitchen waste management. The technology provides clean, odor 

free, user friendly waste disposal but requires waste separation at source, which is why garbage chutes 

inside or near the residential buildings are important. The garbage chutes are connected to underground 

vacuum pipes that collect the waste and transport it to the treatment facility. This technology can 

replace the more traditional waste disposal rooms. It is cleaner since less transportation with trucks is 

needed and better for the environment because noise, odor and littering are reduced, while the visual 

effect	may	be	enlarged	(Envac	2009).
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In a water and sewage system, water is cut out from its natural cycle, transported, treated and put back to 

nature.	Water	and	sewage	are	parts	of 	both	water	cycle	and	the	cycle	of 	nutrients	(Johansson	&	Formas	

2004).	Otterpohl	et	al.	(1997)	asserted	four	principles	for	the	sustainable	urban	water	cycle:

less energy and material usage, i.e. reducing consumption,•	

problems must be solved at its place of  birth,•	

no reduction or degradation of  water and soil resources, and•	

human’s activities as a part of  the natural cycles.•	

Thomas	(2003d)	and	Otterpohl	et	al.	(1997)	suggest	that	the	starting	point	in	terms	of 	sustainability	is	

to reduce demand of  water. Education and public awareness are key ingredients but volumes can also 

be	 saved	by	physical	means	 in	 the	built	 environment.	Thomas	 (2003d)	 exemplifies	 this	 in	buildings	

where	efficient	dishwashers	and	washing	machines,	WCs	with	low	water	volumes,	and	low	flow	taps	and	

showerheads are all physical measures to reduce water demand. Further, composting toilets, waterless 

urinals,	and	dry	sanitation	(SWECO	2008),	are	other	alternatives	but	they	require	some	effort	from	the	

user. 

Wastewater and Sanitation
Blackwater is wastewater with fecal matter and urine, while greywater is a residue from washing processes 

such as washing, dishing, and bathing. Blackwater and greywater is here collectively called wastewater. 

If  blackwater is separated from greywater, they can be treated by different methods and gain a larger 

scope of  use. Blackwater, which can be combined with biodegradable food waste from kitchen waste 

dispersers, treated by an anaerobic digestion process has the advantage of  demanding low energy and 

producing biogas, including methane. The biogas can be upgraded to produce biomethane, which in 

turn can be used as fuel for public transportation. The residue from the anaerobic digestion process 

has high nutrition values and can be used as fertilizer in agriculture. Greywater requires treatment with 

aerobic digesters but has in its cleaner form the same wide range of  use. Blackwater and greywater can 

also be used for irrigation of  agriculture areas, greeneries in the city, garden parks, golf  greens, cleaning 

streets	and	other.	(SWECO	2008).

3.9. Sustainable Water and Sewage Systems
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Using	the	same	exceptional	quality	of 	water	provided	for	both	drinking	and	for	flushing	toilets	is	clearly	

not	 sustainable.	When	 toilets	are	flushed,	completely	potable	water	 is	mixed	with	human	waste	and	

thereby	turning	it	to	blackwater	(Grisham	&	Fleming	1989).	According	to	Grisham	and	Fleming	(1989),	

toilet	flushing	can	account	for	up	to	45	percent	of 	indoor	residential	water	demand.	Toilet	and	urinal	

flushing	does	not	require	potable	water	and	there	are	examples	where	reclaimed	water	has	been	used	for	

toilet	flushing,	decreasing	potable	water	demands	by	as	much	as	75	percent	(IRWD	2009).

Stormwater
Stormwater is a part of  the eco cycle, the hydrological cycle and the city’s greenscape and waterscape. 

With a proper design, stormwater can be treated locally and contribute to aesthetic qualities, provide 

fresh	water	and	wildlife	habitat	(SWECO	2008).	The	key	of 	local	stormwater	treatment	relies	on	the	

soil’s	ability	to	collect,	delay	and	clean	the	water	(Johansson	&	Formas	2004).	One	of 	the	problems	in	

the urban environment is the black, impermeable surface that usually covers most of  the land. None of  

the rain will be absorbed; instead it is transported via stormwater sewers to the municipal sewer system 

loading	needing	treatment	and	requiring	energy	(Von	Borcke	2003).	Also,	stormwater	from	dense	urban	

areas often contain high levels of  pollutants. The starting point is therefore treatment of  the stormwater 

before	storage	and	infiltration.	Wetlands are cost effective for treating stormwater. The sedimentation 

process	is	combined	with	filtration	by	roots	and	bacterial	processes	(SWECO	2008).	Often,	wetlands	

are	constructed	by	a	series	of 	ponds	with	planted	vegetation.	Wetlands	are	beneficial	in	two	ways,	water	

is being cleaned and valuable natural environments are created, and in terms of  ecology, wetlands can 

also	have	positive	effects	on	biological	diversity	(Johansson	&	Formas	2004).	Similar	biological	activity	is	

obtained	if 	stormwater	is	treated	in	floating	vegetation beds. In contrast to wetlands, vegetation beds have 

a	permanent	level	of 	water	with	vegetation	floating	on	the	surface.	If 	the	stormwater	is	less	polluted,	

filter	ditches	may	be	a	very	cost	effective	option.	It	is	a	highly	local	technique	that,	when	combined	with	

trees	or	other	greenery,	can	function	both	as	stormwater	treatment	and	for	irrigation	(SWECO	2008).	

Bioswales	are	designed	to	remove	pollution	from	stormwater	runoff.	They	are	efficient	in	stormwater	

treatment and do not require extensive maintenance. Bioswales can be designed and maintained to 

maximize	the	residing	time	for	the	water,	which	allows	better	trapping	of 	pollutants	(Jurries	2003).
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Reuse of Reclaimed Water

Urban Reuse

Reclaimed water can be used for irrigation of, for example, public parks and recreation centers, athletic 

fields,	school	yards,	golf 	courses,	and	landscaped	areas	surrounding	residences	and	commercial,	office	

and	industrial	developments.	Ornamental	features	such	as	fountains,	reflecting	pools,	and	waterfalls	are	

other usable areas. Fire protection, which requires a large amount of  available water, can, with carefully 

designed distribution systems, use reclaimed water instead of  potable water. Lastly, toilet and urinal 

flushing	does	not	require	potable	water	(Camp	Dresser	&	McKee	Inc	2004).

Industrial Reuse 

Water treatment technology has come so far that reclaimed water can be used for cooling in industries. 

Problems such as corrosion and biological problems are now better controlled thanks to the advancement 

in technology. Reclaimed water is suitable for industries such as textiles, pulp and paper, and metal 

fabricating that do not require very high quality of  water. However, the suitability depends on the 

particular	use	so	it	cannot	be	generalized	(Camp	Dresser	&	McKee	Inc	2004).

Agricultural Reuse

Almost	70	percent	of 	all	freshwater	used	by	humans	is	used	in	agriculture	(FAO	2009).	In	other	words,	

the water demands for agricultural irrigation are extremely high. If  reclaimed water is used for irrigation, 

instead	of 	freshwater,	significant	water	conservation	benefits	will	be	seen	and	also,	agricultural	reuse	

will	be	beneficial	to	integration	of 	other	reuse	applications,	such	as	nutrients	(Camp	Dresser	&	McKee	

Inc	2004).

Environmental and Recreational Reuse

One	scope	of 	environmental	reuse	is	creation,	enhancement	and	restoration	of 	wetlands.	Both	natural	

and man-made wetlands provide functions such as improved water quality through natural systems, 

wildlife and waterfowl habitat, green space, aesthetic and educational opportunities, etc. With proper 

design and construction of  man-made wetlands, treatment of  nitrogen, phosphorus, pathogens, metals 

and	other	toxic	substances	will	be	effective	(Camp	Dresser	&	McKee	Inc	2004).
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Cooling Towers

Cooling towers are heat removal devices in which atmospheric air cools water to a lower temperature 

by evaporating part of  the water. Air movement is normally achieved by fans but some large cooling 

towers	rely	completely	on	natural	circulation	of 	air	(ASHRAE	2000).	Cooling	tower	applications	may	

include	air-conditioning,	manufacturing	and	electric	power	generation	(CTI	2010).	There	are	several	

cases	where	cooling	towers	have	been	criticized	for	being	a	source	to	Legionnaires’	disease	(Benson	et	

al.	1996;	Dondero	Jr	et	al.	1980;	Garbe	et	al.	1985)	but	nowadays,	there	are	guidelines	for	preventing	or	

controlling	Legionella	in	cooling	towers	(ASHRAE	2000;	CTI	2008).
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Thomas	 (2003a)	 stresses	 that	 the	starting	point	 in	 sustainable	building	design	 is	 to	 reduce	demands	

of  energy and water. Greatest savings are made from reducing energy demands during the operating 

phase. Whether the building is for civic, cultural, educational or housing use, a building is a building 

and	there	are	some	common	ingredients	for	a	more	sustainable	building.	For	example,	energy	efficiency	

and passive systems will reduce costs for owner and/or tenant and green design will result in lower 

environmental	or	health	problems	(Edwards	2003).	

Thermal energy depends highly on orientation, form, and insulation of  the internal design and the 

whole body itself. High use of  passive solar energy reduce required space heating, and well insulated 

envelope	and	high-performance	glazing	systems	lower	the	energy	demand	(Thomas	2003a).	Further,	

improving technology of  glazing allows large areas of  the façade to be transparent, providing natural 

light and thus saving electrical energy and reducing carbon dioxide emissions. However, in the summer, 

overheating due to passive solar gain must be controlled at the façade and by ventilation design through 

the section.

Solar radiation is not only useful in lighting; the energy can also be collected and transformed into hot 

water or space heating inside the building. Solar energy can also be converted directly into electricity. 

These solar panels or photovoltaics can be installed on roof  tops or walls where shadowing can be 

avoided	(Thomas	2003a).

Green Roofs
In areas where night and day temperature differs, energy use can reduce further by integrating thermal 

mass	 in	 the	 floor,	 ceiling	 or	 even	 walls.	 Temperature	 fluctuations	 can	 be	 flattened	 out	 and	 peak	

temperatures	can	be	lowered	(Thomas	2003a).	A	study	by	Niachou	et	al.	(2001)	has	shown	that	green	

roofs	temperate	the	fluctuating	climate	outside	the	building.	As	a	direct	result,	spaces	inside	the	building	

are	cooled	in	summer	and	heated	in	the	winter.	Green	roofs	lower	the	thermal	conductance	coefficient	

(U-value)	 significantly,	 especially	 in	 cases	 where	 sufficient	 insulation	 is	 lacking,	 thus	 saving	 energy	

consumption.	Further,	Thomas	(2003a)	recognizes	green	roofs	as	a	solution	to	manage	stormwater,	

where clear advantages have been seen in stormwater retention, carbon dioxide taken up by plants and 

oxygen	production,	removing	particles,	wildlife	habitat,	and	life	quality	improvement.	Other	benefits,	

according	to	Werthmann	and	the	American	Society	of 	Landscape	Architects,	ASLA	(2007)	are	the	ease	

3.10. Sustainable Building and Architecture
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of  which green roofs are maintained and the simplicity of  the fact that green roofs are mainly installed 

for	environmental	and	visual	benefits.

Green Building Council Rating Systems
Both U.S. Green Building Council and U.K. Green Building Council have internationally recognized 

rating systems that can be used as a third party validation of  a project’s green features. Leadership in 

Energy	and	Environmental	Design	(LEED)	Green	Building	Rating	System	was	developed	by	the	U.S.	

GBC	and	BREEAM	by	the	U.K.	GBC	(WorldGBC	2010).	More	on	Green	Building	Councils	and	their	

rating systems is found in chapter 3.2.
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Sustainable	urban	planning	starts	with	a	holistic	and	integrated	approach	(Thomas	2003c).	Sustainable	

urban planning includes a planning process where many experts, consultants and planners participate, 

and many people agree on that citizen participation is also necessary in a sustainable planning process. 

Sustainable development requires changes, and changes cannot only happen in technology, infrastructure 

systems and urban design. Citizens that are invited to participate in the planning process are more likely 

to adapt to changes because they have been educated throughout the planning process and they may be 

able to work for the public good. When citizens participate, they will have the appropriate attitudes of  

citizens,	and	not	that	of 	a	client	or	beneficiaries	of 	the	administrative	state	(Day	1997).	When	users	and	

occupants are included in the planning process, they will feel more engaged to their place of  living. To 

gain	care	and	feeling	of 	ownership,	good	quality	is	essential	(Thomas	2003a).

3.11. Sustainable Urban Planning Process
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To give a better understanding of  Songdo IBD and Hammarby Sjöstad, background to the cases 

are described in this chapter. The two countries South Korea and Sweden are shortly introduced as 

well as how each nation has been working with sustainable development so far, and what actions that 

are currently taken towards sustainable development. Songdo IBD and Hammarby Sjöstad and their 

contexts	are	finally	introduced	in	this	chapter.
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 Facts about Korea1

	 Official	Country	Name		 	 Republic	of 	Korea
	 Capital	City	 	 	 Seoul	(10	million)
 Location    East Asia
 Territory    100,032 square kilometers
	 Major	cities	 	 	 Seoul	(10	million)	
	 	 	 	 Busan	(3.5	million)	
	 	 	 	 Incheon	(2.6	million)
	 Population	 	 	 48.61	million	(2008)
 GDP based on PPP  US$1,358 billion2	(2008)	
	 GDP	based	on	PPP	per	capita	 US$27,6923	(2008)	

Location

As	 shown	 in	 figure	 4.1.1.,	 the	Korean	Peninsula	 lies	 in	 the	 eastern	 corner	 of 	 the	Asian	 continent.	

Surrounded by the East Sea to the east and the Yellow Sea to the west, it borders on China and Russia to 

the	north.	Japan	is	closely	located	to	the	east.	The	peninsula	covers	a	total	of 	223,170	square	kilometers 

(KOIS	2009),	of 	which	some	3	200	islands	are	included	(KOIS	2008a).	

War and Division
The 20th century has been imprinted by historical ends, starts and turns in Korean history. The Japanese 

invasion of  Korea started in 1910, which brought the well-balanced Joseon Kingdom to an end. Korea 

was under Japanese rule until the end of  World War II in 1945. However, the joy of  liberation was 

short-lived. The emerging Cold War divided the country by ideological differences. Thus, only three 

years after the liberation from Japan, Korea was divided into the Republic of  Korea in South and the 

Democratic	People’s	Republic	of 	Korea	in	North	(KOIS	2008a).

Growing South Korea 
After	 the	division	 in	 1948,	 South	Korea	 transformed	dramatically	 during	 the	 following	 60	 years	 by	

strengthening	the	nation’s	economy	and	living	standards.	The	Asian	Financial	Crisis	that	started	in	1997	

threatened the stabilized economy but South Korea recovered rapidly thanks to implementation of  an 

International Monetary Fund agreement, Korean Government’s strong resolution for reform, and a 
1	KOIS	(2009). Facts about Korea.	Seoul:	Korean	Culture	and	Information	Service	(KOIS).
2	WTO	(2009). WTO Statistics Database. [Online]	Available	from:	www.wto.org	[2010-01-07].
3	IMF	(2009). IMF World Economic Outlook Database. [Online]	Available	from:	www.imf.org	[2010-01-10].
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Figure 4.1.1. South Korea. Image: Hayoung Kang.

4.1. South Korea
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successful	negotiation	with	creditor	banks	on	foreign	debts	(KOIS	2008a).	The	first	Free	Economic	

Zones	(FEZs)	were	established	in	2003	as	a	respond	to	the	deep	depression.	A	FEZ	is	an	area	specially	

designated to attract foreign direct investments and to increase South Korea’s stand on the global 

market	(FEZ	2009).

South Korea now began integrating itself  into the world economy and eventually became economically 

stronger	than	ever.	South	Korea’s	GDP	increased	from	US$2.3	billion	 in	1962	to	US$969.9	 in	2007	

and	GNI	 per	 capita	 from	US$87	 to	US$20,045	 during	 the	 same	 years	 (KOIS	 2008a).	Thanks	 to	 a	

global-oriented economic development strategy with exports as the engine, South Korea turned a poor 

agrarian	society	into	one	of 	the	world’s	leading	traders	(WTO	2009)	and	the	world’s	12th largest economy 

(PCGG	2009a).	

Science and technology and research and development have without doubt contributed to the 

development of  the economy. The industry has become extremely successful and top selling on the 

global	market	(KOIS	2008a).	Samsung,	LG,	Hyundai,	Daewoo,	and	Kia	are	some	of 	the	global	market	

companies	based	in	South	Korea	(KOIS	2008b).	
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 Facts about Sweden4

	 Official	Country	Name	 	 Kingdom	of 	Sweden
	 Capital	City	 	 	 Stockholm	(0.8	million)5 
 Location   North Europe
 Territory   450,000 square kilometers
	 Major	cities	 	 	 Stockholm	(0.8	million)
	 	 	 	 Göteborg	(0.5	million)
	 	 	 	 Malmö	(0.3	million)6 
 Population   9.3 million7	(2009)	
 GDP based on PPP  US$345 billion8	(2008)
	 GDP	based	on	PPP	per	capita	 US$37,3349	(2008)	

Location

As	shown	in	figure	4.2.1.,	Sweden	lies	on	the	Scandinavian	Peninsula	in	Northern	Europe.	It	borders	

on Norway to the west and Finland to the north, and is surrounded by the Gulf  of  Bothnia and the 

brackish water of  the Baltic Sea to the east. In south, the Baltic Sea separates Sweden from Central 

Europe	(SI	2009b).	

Non-Alignment Policy
The recent history of  Sweden has been relatively calm in terms of  war and national disturbances. Since 

the war against Norway in 1814, Sweden has not been involved in any war. This is explained by the 

foreign policy of  non-alignment in peacetime and neutrality in wartime as a basis of  Swedish security 

policy.	 Sweden	 is,	 nonetheless,	 a	member	of 	 the	European	Union	 (EU)	 since	1995	 and	 the	United	

Nations	(UN)	since	1946	(SI	2008b).

The Welfare State
Plans	for	a	welfare	state	were	first	laid	by	the	Social	Democrats	in	the	1930s	when	they	became	the	

governing party. During the following centuries, a number of  constitutional and institutional reforms 

were carried out that laid the foundations of  the Swedish welfare state. However, the economic crisis 

4	SI	(2009b).	This is Sweden. Sweden:	Swedish	Institute	(SI).
5	USK	(2009). USK Storstadsjämförelser. [Online]	Available	from:	www.uskab.se	[2010-01-10].
6	USK	(2009). USK Storstadsjämförelser. [Online]	Available	from:	www.uskab.se	[2010-01-10].
7	SCB	(2009). Statistics Sweden. [Online]	Available	from:	www.scb.se	[2010-01-10].
8	WTO	(2009). WTO Statistics Database. [Online]	Available	from:	www.wto.org	[2010-01-07].
9	IMF	(2009). IMF World Economic Outlook Database. [Online]	Available	from:	www.imf.org	[2010-01-10].
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that	 started	 in	 1973	was	 a	 turning	 point	 in	 Sweden’s	 steep	 rise	 in	 living	 standards.	Unemployment	

boosted, industrial production fell, and the earlier expansion of  the public sector was pressing the 

economy.	However,	the	balance	of 	public	finances	started	to	redress	in	the	1990s	thanks	to	tax	increase	

and spending cuts. Also, with the cyclical turn of  the economy in the Western world, Swedish economy 

could	benefit	from	the	recovery	(SI	2008b).	

Today, Sweden is a welfare society with one of  the highest standards of  living worldwide. All Swedish 

citizens	have	a	social	safety	net	that	ensures	them	a	basic	financial	security.	Thanks	to	the	tax-system,	

education,	healthcare,	child	and	elderly	care,	and	pensions	are	within	the	responsibility	of 	the	state	(SI	

2009b).	

Science, Innovation and Research
Constant investments are done by the Swedish government in science, innovation and research. The 

major	fields	of 	investment	are	medicine,	technology,	climate	and	other	areas	of 	research	and	development	

(SI	2008c).	Sweden’s	trade	strategy	has	contributed	to	the	high	standards	of 	living.	With	fairness	and	

openness to foreign companies, multinational trades and investments have been created within the 

nation.	 AstraZeneca,	 Volvo,	 Ericsson,	 Ikea,	 Electrolux	 and	 H&M	 are	 some	 of 	 the	 multinational	

companies	with	roots	in	Sweden	(SI	2009b).

Swedish Constitution
The Swedish constitution is a foundation for openness, democracy, equality and freedom. Free press, 

the right to participate in demonstrations, freedom of  speech and other rights to express an opinion are 

governed by the constitutional laws. Further, the general public and the mass media have the right to 

access	to	official	records.	This	is	based	on	the	idea	of 	a	transparent	democracy	which	allows	the	public	a	

good insight into the activities of  government and local authorities. Also, the constitutional laws protect 

human	rights	and	equality	(SI	2009a).	
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Economic Growth and Environmental Protection

With the nation’s strong economic development has followed a much larger consumption of  the Earth’s 

natural	resources.	The	Ecological	Footprint	of 	South	Korea	in	2005	was	measured	to	3.7	global	hectares	

per person, which exceeds the globally available biocapacity of  2.1 global hectares per person. Moreover, 

the	footprint	in	South	Korea	was	more	than	150	percent	greater	than	its	own	biocapacity	(WWF	2008).	

Further reading on Ecological Footprint, see chapter 3.1.

 “Low Carbon, Green Growth”	(PCGG	2009b	p.	3)	is	the	new	vision	for	Korea’s	development	which	refers	

to	the	synergetic	achievement	of 	economic	growth	and	environmental	protection.	In	order	to	fulfill	the	

new	vision,	the	Presidential	Commission	on	Green	Growth	was	established	in	2009	(PCGG	2009b).	

The Commission agreed on green goals and key indicators as presented in table 4.3.1. The same year, 

the Green New Deal Stimulus Package was announced with an investment plan of  US$38.5 billion. The 

Stimulus	Package	includes	nine	key	green	projects	and	is	estimated	to	create	956,000	new	jobs.	The	nine	

key projects include, inter alia, revitalization of  four major rivers, green car and cleaner energy program, 

resource	recycling	program,	and	greener	landscape	and	infrastructure	(PCGG	2009a).	

2007 2012

Share of  renewable energy 2.24%	(2006) >11%	(2030)

Solar	power	(global	market	share) 0.3% 5%

Hybrid vehicles 1,386 30,000

Waste regeneration 1.8% 31%

Energy	efficiency	certification	for	buildings public buildings all buildings

Public participation on climate action 23.6% 60%

Climate change plans by local governments 
(%	of 	local	governments)

<10% 100%

Table 4.3.1.	Green	goals	and	key	indicators	(PCGG	2009a).

4.3. Sustainable Development in South Korea
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2009 2020

1. Effective Mitigation of  Greenhouse Gas Emissions
Carbon	absorption	by	forests	(million	tones	carbon	dioxided) 1,452 1,854
Afforestation	areas	in	North	Korea	(thousand	hectare) - 400

2. Reduction of  the Use of  Fossil Fuels and the Enhancement of  Energy Independence
Share of  new and renewable energy use 2.7% 6.08%
Reduction	of 	energy	intensity	(toe/1,000	USD) 0.317 0.233
Share of  nuclear energy use 26% 32%

3. Strengthening the Capacity to Adapt to Climate Change
Share of  environment-friendly agricultural products 4.5% 18%
National	forest	resources	(million	m3) 862 1,087

4. Development of  Green Technologies
Korea’s market share in global green tech product market 2% 10%
Number of  foreign specialists in green tech working in Korea 25 250

5. The “Greening” of  Existing Industries and Promotion of  Green Industries
Resource recycling rate 15.0% 17.6%
Share of  green goods exports in the major industries 10% 22%
Number of  enterprises in green partnerships 685 2,900
Number of  green industrial complexes 5 20

6. Advancement of  Industrial Structure
Number of  foreign patients receiving healthcare in Korea 27,000 350,000
Broadcasting	and	telecommunications	convergence	industry	exports	(billion	USD) 52 240

Korean Environmental Legislation

The	 Environmental	 Acts	 of 	 Korea	 include	 all	 laws	 within	 the	 fields	 of 	 ‘environment’,	 ‘natural	

environment’	or	‘living	environment’,	as	regulated	in	the	Framework	Act	on	Environmental	Policy.	In	

the	1960s,	there	were	only	six	acts	covering	the	environmental	regulations	in	Korea.	During	1990-2008,	

those	six	acts	had	expanded	to	46	acts,	covering	a	much	larger	span	of 	environmental	issues.	Among	

them are Environmental Health Act, Framework Act on Sustainable Development, and Environmental 

Impact	Assessment	Act	(MOE	2009).	

National Strategy for Green Growth
The	National	 Strategy	 for	Green	Growth	 is	 a	 long-term	national	 agenda	 (2009-2050)	 that	 is	 based	

on collaborative efforts between governmental organizations, industries and the everyday citizens of  

Korea.	The	following	ten	specific	policies	are	the	National	Strategy	directions	and	along	with	them	are	

targets	of 	major	green	indicators	(PCGG	2009b):
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2009 2020

7. Engineering a Structural Basis for the Green Economy
Volume	of 	trade	in	domestic	carbon	emissions	trading	market	(trillion	KRW) - 2
Percentage of  energy-poor households 7.3% 3.5%
Number of  Green Social Enterprises 20 500

8. Greening the Land, Water and Building the Green Transportation Infrastructure
Nature	reserve	areas	(thousand	hectare) 100 150
Share of  passengers transporting by rail 18% 26%
Share of  bicycle transportation 1.5% 10%

9. Bringing Green Revolution into Our Daily Lives
Number of  green households 160,000 1.5 million
Number of  categories of  goods for carbon footprint labeling 50 1,000
Amount of  mandatory procurement of  low carbon green goods in the public sector 
(trillion	KRW) 2.5 10

Number of  green village centers - 500

10. Becoming a Role Model for the International Community as a Green Growth Leader
Proportion	of 	Green	ODA 11%	(2007) 30%

Number of  “World Friends Korea” volunteers dispatched 3,730 New target to 
be established
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In	the	1960s,	as	an	early	starter,	Sweden	recognized	that	the	rapid	loss	of 	natural	resources	had	to	be	

confronted.	Sweden	organized	and	held	the	first	UN	conference	on	the	environment	in	Stockholm	in	

1972.	Almost	40	years	later,	Sweden	has	come	far.	Between	1990	and	2006,	carbon	emissions	declined	

9 percent – an unusual development in an industrialized country. Surprisingly, the economy grew 44 

percent over the same period of  time. The change from oil as heating source to district heating based on 

biofuels	is	one	important	reason	to	the	figures	(SI	2008a).	Today,	half 	of 	all	heating	used	in	Sweden	is	

delivered from a district heating system, renewable energy stands for one third of  all the energy consumed 

in	Sweden,	and	96	percent	of 	household	waste	is	recycled	(SI	2009b).	Ideas	of 	sustainability	have	been	

realized through cooperation between authorities and industries, as well as the crucial involvement of  

the	 Swedish	 citizens	 (Swedish	Trade	Council	 2010).	 Sweden	 is	 skilled	 in	 environmental	 technology,	

particularly	in	producing	systemic	solutions	for	waste	management	and	renewable	energy	(SI	2008a).	

However, much work still remains. Even though the biocapacity available in Sweden is greater than its 

footprint, Sweden’s Ecological Footprint was measured in 2005 to 5.1 global hectares per person, largely 

exceeding	 the	globally	available	biocapacity	of 	2.1	global	hectares	per	person	 (WWF	2008).	Further	

reading on Ecological Footprint, see chapter 3.1.

Swedish Environmental Legislation
The Swedish Environmental Code was founded in 1999. The Environmental Code is to be applied so 

that human health and the environment is protected, biological diversity is preserved, the use of  land, 

water and the physical environment is sustainable, and management of  resources maintaining natural 

cycles	are	encouraged	(Ministry	of 	the	Environment	2000).	Any	environmentally	hazardous	activity	that	

may impact humans, animals, soil, water, air, the landscape or the cultural environment, are prescribed 

to	carry	out	an	environmental	impact	assessment	(SI	2008a).

Swedish Environmental Goals
In	 1999,	 the	 Swedish	 parliament	 announced	 15	Environmental	Quality	Objectives	 (EQOs)	 and	 72	

national	 interim	 targets.	Additionally,	 the	objective	 ‘A	Rich	Diversity	of 	Plant	and	Animal	Life’	was	

announced	in	2005,	making	a	total	of 	16	EQOs.	

4.4. Sustainable Development in Sweden
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The	EQOs	are	to	be	reached	by	2020	at	the	latest	but	in	a	recent	report,	the	Environmental	Objectives	

Council concluded that further actions must be taken for more than half  of  the objectives if  the goals 

are	to	be	reached	within	the	time	limit	(Environmental	Objectives	Council	2009).

The	Swedish	EQOs	to	be	reached	by	2020	are	(Environmental	Objectives	Council	2009):

Reduced Climate Impact    1. l 
Clean Air      2. l
Natural	Acidification	Only	 	 	3. l
A Non-Toxic Environment   4. l
A	Protective	Ozone	Layer	 	 	5. l
A Safe Radiation Environment   6.	 l
Zero Eutrophication    7.	 l
Flourishing Lakes and Streams   8. l
Good-Quality	Groundwater	 	 	9. l
A Balanced Marine Environment,   10. l

   Flourishing Coastal Areas and Archipelagos  

Thriving Wetlands    11. l
Sustainable Forests    12. l
A Varied Agricultural Landscape  13. l
A	Magnificent	Mountain	Landscape		 	14. l
A Good Built Environment   15. l
A Rich Diversity of  Plant and Animal Life  16.	 l

l The	objective	is	expected	to	be	achieved	within	the	defined	time	frame	

l The	objective	can	be	achieved	within	the	defined	time	frame,	provided	that	further	action	is			 	 	
 taken. 

l The	objective	will	be	very	difficult	or	not	possible	to	achieve	within	the	defined	time	frame,		 	 	 	
 even if  further action is taken. 
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SymbioCity

At the World Summit on Sustainable Development in Johannesburg 2002, the Swedish Government 

and the Swedish Trade Council presented a concept for sustainable city development, the concept 

of  Sustainable City, later in 2008 renamed as SymbioCity. It is an integrated and holistic approach to 

sustainable urban development, based on the synergies between different urban functions that save 

natural	resources	and	costs,	as	conceptually	illustrated	in	figure	4.4.1.

“SymbioCity	promotes	holistic	and	sustainable	urban	development	-	finding	potential	synergies	in	urban	

functions	and	unlocking	their	efficiency	and	profitability.”	(SymbioCity	2008	p.	2)

For	example,	land	use	planning	is	integrated	with	urban	technology	systems	and	closely	linked	to	traffic	

and transportation, which, in turn, is a foundation for locating urban functions and buildings in the city. 

More	efficient	land	use,	lower	life	cycle	costs	of 	system	investments,	increased	property	values,	improved	

living satisfaction, lower carbon dioxide emissions, and reduction of  direct environmental impact 

are	some	of 	 the	benefits	 from	a	holistic	and	 integrated	approach	 to	sustainable	urban	development	

(SymbioCity	2008).	There	are	several	success	stories,	among	which	Hammarby	Sjöstad,	Västra	Hamnen	

and Augustenborg are some of  them in Sweden. China, India, Canada, Ireland and South Africa are 

some of  the countries where the SymbioCity concept has been applied to in different urban development 

projects	(Swedish	Trade	Council	2010).

Figure 4.4.1. SymbioCity	concept	(symbiocity.org).
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Songdo International City

On	a	distance	of 	40	kilometers	from	Seoul,	12	kilometers	from	Incheon	city	center	and	20	kilometers	

from Incheon International Airport is Songdo International City currently taking place on 53 square 

kilometers	of 	partly	reclaimed	land,	see	figure	4.5.1.	With	the	rapidly	growing	countries	China,	Japan	

and	Russia	in	its	nearest	surroundings,	as	shown	in	figure	4.5.2.,	Songdo	International	City	is	striving	to	

become	the	new	business,	education	and	logistics	hub	in	Northeast	Asia	(Incheon	Metropolitan	City	&	

NSIC	2009).	

Figure 4.5.2.	Global	context	(Gale	International	2010).Figure 4.5.1. Songdo International City 
(IFEZ	2010).
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The	first	plans	for	the	area	took	off 	in	the	early	1990s	when	landfill	projects	started	but	it	was	not	until	

2003 the area was designated to Songdo International City. At the same time, Incheon Free Economic 

Zone was established, allowing foreign investments and opening up for competitive growth on the 

global market. Incheon is an independent satellite city to Seoul and is administered as a Metropolitan 

City since 1995. Incheon Metropolitan City, Seoul Special City and Gyeonggi Province together form 

the	Capital	County	(Incheon	Metropolitan	City	2009).

The	coastal	Incheon	Metropolitan	City	(including	Songdo	International	City)	is	located	30	kilometers	

west of  Seoul and is promoted as the primary growth center in the Capital County. By 2020, the goal is 

to	reinforce	the	status	of 	the	Capital	County	by	1)	improving	the	livings	standards	of 	the	inhabitants,	

2)	promoting	sustainable	urban	development,	and	3)	strengthening	the	global	competitiveness.	Because	

Seoul and Incheon are developing towards this common goal, Incheon is not considered as a competing 

city	to	Seoul.	Oppositely,	with	a	strong	connection	to	each	other,	Incheon	will	be	a	gateway	for	Seoul	for	

4.5. Songdo International Business District
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international exchange. That is because Incheon has preconditions that are not seen in any other South 

Korean city, including Seoul. The international airport and harbor makes Incheon a logistics center 

for the whole nation and connects South Korea with the rest of  the world, and because it is a FEZ, 

Incheon is attracting global businesses and trade. Thus, Incheon, including Songdo International City, 

will	become	crucial	for	the	nation’s	economic	growth	(Incheon	Metropolitan	City	2009).	

Incheon	Metropolitan	City	(2009)	expect	daily	regional	commuters	within	the	Capital	County,	which	

includes Songdo International City. Seoul, Incheon, Ilsan, Suwon, Anyang, Siheung etc. are cities in the 

Capital County within commuting distance from Songdo International City. The expected daily amount 

of  commuters is not given.

Songdo International Business District

Songdo International City comprises of  11 Districts, of  which District 1 and 3 is entitled Songdo 

International	Business	District	(Songdo	IBD),	see	figure	4.5.3.	Songdo	IBD	is	a	master-planned	city	

district	covering	5.8	square	kilometers	of 	reclaimed	land	and	will	be	home	to	over	68,000	people	once	

standing	finished	in	2014.	As	its	name	reveals,	Songdo	IBD	will	be	the	anchor	point	for	international	

business	and	finance	in	the	area	with	more	than	a	fifth	or	1.2	square	kilometers	of 	the	area	designated	

to businesses. Housing construction sites cover 15 percent or 0.9 square kilometers, while green space is 

taking up almost a third or 1.8 square kilometers of  the IBD area including a 0.9 square kilometers Jack 

Nicklaus	Signature	Golf 	Club	(Incheon	Metropolitan	City	2009).	A	complete	land	use	map	of 	Songdo	

IBD is found in appendix A.

Figure 4.5.3. Songdo	International	Business	District	(IFEZ	2010).
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Songdo	IBD	is	also	profiled	as	a	green	city	referring	to	the	principles	of 	sustainable	urban	development.	

Individual structures as well as the entire development are working under LEED Rating Systems 

(figure	4.5.4.),	 and	cutting-edge	 technologies	 are	mixed	with	well	proven	 systems.	Also,	branding	as	

a	Ubiquitous	City	 (U-City),	major	 information	 systems	 concerning	 education,	 health,	 traffic,	 office,	

government,	homes,	and	logistics	will	share	data	across	an	extensive	interconnected	network,	see	figure	

4.5.5.	(Gale	International	&	KPF).

“The	goal	of 	the	project	is	to	build	the	first	“new”	city	in	the	world	that,	while	meeting	increasing	urban,	

economic, social, and environmental demands in the region is designed and planned as a sustainable 

international	business	district.”	(Gale	International	&	KPF	p.	31)	

Figure 4.5.4.	LEED-certified	projects	in	Songdo	IBD	
(Gale	International	&	KPF).

Figure 4.5.5. U-City concept
(Gale	International	&	KPF).

Developers	of 	Songdo	IBD	are	the	U.S.	real	estate	development	and	investment	firm	Gale	International	

and	the	Korean	steel	company	POSCO	E&C,	and	the	master	plan	is	developed	by	the	U.S.	architects	

Kohn	Pedersen	Fox	(KPF).
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Stockholm’s Biggest Urban Delveopment

Hammarby Sjöstad is Stockholm’s biggest urban development project for many years. The area is located 

in	the	southeasthern	corner	for	Stockholm,	see	figure	4.6.1.,	and	is	surrounded	by	the	lake	Hammarby	

Sjö, which has inspired the name of  the entire project and was the focal point when the plans started in 

1990	(GlashustEtt	et	al.	2007).	Before,	the	area	of 	Hammarby	Sjöstad	had	been	a	harbor	and	industrial	

area	that,	after	phasing	out,	was	replaced	by	office	buildings	in	the	1980s	and	1990s.	Hammarby	Sjöstad	

was	in	its	plans	from	1994	designated	to	become	an	environmentally	focused	Olympic	Games	village	

when	Sweden	was	running	for	hosting	the	Olympic	Games	of 	2004.	In	1997,	Athens	was	announced	

the hosting city but at this time, the plans of  Hammarby Sjöstad had come so far and the interest had 

been	so	large	that	there	were	no	options	but	continuing	(Pandis	&	Brandt	2009).

Hammarby Sjöstad
Hammarby Sjöstad covers a total area of  2 square kilometers but a large part or 0.4 square kilometers is 

the	water	of 	Hammarby	Sjö,	see	figure	4.6.2.	(Cederquist	2009).	Major	ground	projects	were	involved	

in developing the district. Not only were barriers removed, but the old industrial and terminal area was 

heavily contaminated, which required major soil sanitation works. This extensive reconstruction was, 

however,	a	precondition	to	accomplish	the	new	city	district	(GlashustEtt	et	al.	2007).	The	first	residents	

moved in in 2000 but the district is still under construction and is planned to be fully built in 2015. By 

then, Hammarby Sjöstad will be home to just over 25,000 people in 11,000 residential units, and a total 

of 	about	35,000	people	will	live	and	work	in	the	district	(GlashustEtt	et	al.	2007).	A	complete	land	use	

map of  Hammarby Sjöstad is found in appendix B.

Figure 4.6.2.	Hammarby	Sjöstad	(City	of 	Stockholm	2006).Figure 4.6.1. Stockholm with Hammarby 
Sjöstad circled. Image: Holger Ellgaard.

4.6. Hammarby Sjöstad
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The core goal of  Hammarby Sjöstad is to lower the environmental impact with a massive 50 percent, 

compared to corresponding levels in new housing areas built in the early 1990s, which is when the plans 

for	the	area	took	off 	(GlashustEtt	et	al.	2007).

“Hammarby Sjöstad is to become a spearhead in ecologically and environmentally focused construction 

and housing, and is to be in the international forefront of  sustainable development in a dense urban 

environment. The district will thereby become a national and international role model and inspiration for 

ecological	planning,	building,	and	living.”	(City	of 	Stockholm	1996	p.	5,	own	translation)	

The Hammarby Model
The	Hammarby	Model	was	established	as	a	direct	 result	 from	the	Environmental	Program	(City	of 	

Stockholm	1996)	 and	 also	 reflects	 the	 integrated	project	organization	 (Pandis	&	Brandt	2009).	The	

Hammarby	Model	presented	 in	figure	4.6.3.	 illustrates	 the	 integrated	management	of 	energy,	waste,	

and	water	and	sewage,	using	a	holistic	approach	 in	order	 to	reach	synergetic	effects	 (GlashustEtt	et	

al.	2007).	In	the	practical	work,	the	Hammarby	Model	was	an	important	foundation	for	working	out	

integrated system solutions for district heating, district cooling, sewage and waste heat recovery, and 

biogas	production	(Pandis	&	Brandt	2009).	

Figure 4.6.3.	The	Hammarby	Model	(GlashusEtt	et	al.	2007).
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GlashusEtt

Hammarby Sjöstad has its own environmental 

information	 center,	 GlashusEtt	 (figure	 4.6.4.),	

with the purpose to spread knowledge through 

exhibitions, demonstrations, and study visits. 

Both national and international visitors come 

to GlashusEtt to learn about the systems 

technologies and how Hammarby Sjöstad was 

planned to become a more sustainable city. The 

building itself  consists of  several cutting-edge 

technologies such as a solar power plant, fuel cell, 

biogas	boiler,	and	a	pneumatic	waste	collection	installation	(GlashustEtt	et	al.	2007).	GlashusEtt	has	

been	central	point	 in	marketing	Swedish	systems	 technology	and	urban	planning	 (Pandis	&	Brandt	

2009).

Figure 4.6.4. GlashusEtt. Photo: Hayoung Kang.
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Figure 4.6.4. GlashusEtt. Photo: Hayoung Kang.

Case Study, Analysis and 5. 
Comparison
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Here, each urban subsystem of  the two cases Songdo IBD and Hammarby Sjöstad is studied. Every 

urban subsystem starts with a case study on Songdo IBD, followed by a case study on Hammarby 

Sjöstad, and ends with an analysis and comparison of  both cases. The analysis is based on the theoretical 

framework	that	is	described	in	chapter	3	and	data	collected	from	field	study	and	interview.	Photos	from	

the sites are presented in appendix D:
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Case Study: Songdo IBD

The urban structure of  Songdo IBD is planned but heterogeneous and structured yet with variation. 

With no time dimension or any genius loci to rely on, a patchwork of  patterns from world-wide urban 

developments	have	inspired	the	structure	of 	Songdo	IBD.	As	shown	in	figure	5.1.1.,	the	symmetric	and	

repetitive grid of  Manhattan, the wide boulevards of  Paris, the commercial Covent Garden in London, 

the Central Park in New York, the system of  pocket parks in Savannah, and the canals of  Venice are 

some	of 	the	global	inspiration	sources	(KPF	2003).

5.1. Sustainable Urban Patterns

In the masterplan of  Songdo IBD, the street grid and the block structure appear as relatively repetitive. 

However,	there	is	no	attempt	to	refer	to	a	perfect	order,	nor	a	solid	geometry.	KPF	(2003)	describes	

Songdo IBD as atopic, instead of  utopic, referring to the patchwork of  materials, forms and architecture 

that derives a range of  characters within the city. 

The fabric of  the residential areas in Songdo IBD is based on the character of  New York City. A clear 

sense of  direction is created by variation in landscaping and street sections on avenues, main streets, 

small	scale	streets,	garden	streets,	and	canal	streets	(KPF	2003).	

Density

The density in Songdo IBD varies depending on the urban functions of  the area. The spine of  Songdo 

IBD, mainly functioning as commercial and residential areas and comprising Central Park, is designed 

to be a pedestrian district. In order to create a lively pedestrian environment along Central Park, a FAR 

of  4.0 is used in the design and a FAR of  8.0-10.0 at the most dense core of  the city. At the edges of  

the site, which have the character of  a garden city, FAR steps down to 1.0, creating a tent-like urban 

silhouette	with	the	highest	point	at	the	center	(KPF	2003).	

Figure 5.1.1. Urban	pattern	inspiration	(KPF	2003).
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Urban Functions and Land Use

The	land	use	plan	is	illustrated	in	figure	5.1.2.	Urban	activities	are	centered	to	the	main	streets	and	at	

transit	stations	but	still	mixed	with	residences,	creating	a	synergistic	environment	(KPF	2003).	The	main	

commercial,	retail	and	office	districts	are	located	along	the	Park	Avenue,	which	is	linked	to	the	Central	

Park. At Central Park, cultural and civic facilities are located, as well as recreational public open spaces. 

Around	Central	 Park	 is	 also	 a	 loosely	 defined	 retail	 loop.	However,	 local	 retail	 streets	within	 short	

walking	distances	are	available	from	every	home	or	office.	Small	scale	food	markets,	bakeries,	and	cafés	

are	located	within	the	neighborhoods	(KPF	2003).	An	international	hospital	is	located	at	the	north	end	

of 	the	North	Canal	Street,	with	residential	units	across	the	canal	(Gale	International	2009).
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Figure 5.1.2.	Songdo	IBD	land	use	map	(IFEZ	(2010)	with	own	graphic).
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Case Study: Hammarby Sjöstad

Hammarby Sjöstad has an urban pattern that is similar to Stockholm’s inner city while adding a new 

annual growth ring to the city’s development. The characteristic tree-planted avenues of  Stockholm 

continue	in	Hammarby	Sjöstad	as	an	urban	spine	in	the	area,	the	avenue	Hammarby	Allé,	see	figure	

5.1.3.	(Inghe-Hedström	2004).	The	scale,	dimensions,	density,	and	usage	mix	of 	Stockholm	are	extended	

to	 this	area	and	balanced	with	 typical	Nordic	 lightness,	air,	water	views,	parks	and	sunlight	 (City	of 	

Stockholm	2006).	Wildlife	sceneries,	water,	and	hills	form	the	background	elements	of 	the	streets	and	

not	monumental	constructions	as	in	many	European	capitals	(Inghe-Hedström	2004).	

Figure 5.1.4. Block structure in Hammarby Sjöstad. 
Image: Hayoung Kang.

Figure 5.1.3.	Hammarby	Allé.	
Photo: hammarbyalle.se.
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On	both	sides	of 	the	37.5	meters	wide	avenue,	known	as	Hammarby	Allé	and	Lugnets	Allé,	Stockholm-

typical urban patterns appear. Figure 5.1.4. illustrates the urban structure with the repetitive block 

dimensions	of 	70	x	100	meters	and	 the	18	meters	wide	street	sections	 that	create	an	extended	grid	

from the inner city. However, this new area is more modern than previous developments in Stockholm 

in terms of  openness, views, light, water and greeneries. Semi-public to public blocks is one example 

of  the modernization. Also, the rectangular grid fades out at the neighborhoods of  Luma and 

Henriksdalshamnen. The blocks are here adapted to the curved landscape and terrain, forming a soft 

and	oval	structure	(Inghe-Hedström	2004).

Density

The layout plan of  Hammarby Sjöstad shows a district as dense as Stockholm’s inner city. Due to 

high execution costs, closeness to the water, and rising housing demands, dense land utilization was 

possible	(Inghe-Hedström	2004).	The	FAR	is	on	average	1.17	for	the	whole	area,	and	2.6-3.1	within	
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blocks	excluding	public	space	(Cederquist	2009).	The	early	planned	areas	are	generally	lower	in	FAR,	

for	example	is	the	lowest	ratio	at	Sickla	Udde,	2.2,	while	the	highest	ratio	is	at	Sjöstadsporten,	6.010. The 

scales are generally higher along the water Hammarbyleden and lower and intimate along Sickla Kanal 

(Inghe-Hedström	2004).	

Urban Functions

The	land	use	plan	is	illustrated	in	figure	5.1.5.	Civic,	commercial	and	social	services,	walking	and	bicycle	

lanes, and transit stops are gathered along the avenue together with residences. Multifunctional buildings 

rise	here,	as	well	as	the	building	heights	(Inghe-Hedström	2004).	However,	schools,	cultural	facilities,	

student housing, senior housing, business facilities, sports hall, and other urban functions are spread out 

over	the	area	and	integrated	with	the	blocks	(City	of 	Stockholm	2006).	

10	Interview	with	Malin	Olsson,	City	Planning	Administration,	City	of 	Stockholm.	2010-01-20.
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Figure 5.1.5. Hammarby Sjöstad land use map. Image: Hayoung Kang.
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Case Study Analysis and Comparison

Songdo IBD is a large scale business district while Hammarby Sjöstad has the character of  a residential 

area. The districts have little in common in terms of  scale, density and urban functions. Also, Hammarby 

Sjöstad is an annual growth ring to Stockholm while Songdo IBD is a completely new part of  a satellite 

city. 

To	achieve	street	safety,	Jacobs	(1992)	refers	to	street	life.	To	enhance	city	life	and	a	livable	city	during	

both day time and evenings, urban functions must be integrated and mixed in a complex net of  activities 

(SWECO	2008).	Because	Songdo	IBD	is	much	larger	in	scale,	mixed	use	is	also	applied	on	different	

urban levels than Hammarby Sjöstad. Considering that Songdo IBD in its context is a part of  a city, 

i.e. Songdo International City, Songdo IBD contribute to a mix of  urban functions on city level, and 

referring to the wide range of  different urban functions that are found within the district boundaries, 

the urban functions are also mixed on district level. At neighborhood level, the residential and mixed-use 

areas incorporate retail streets and institutional functions. This is also the level on which mixed use in 

Hammarby	Sjöstad	is	mainly	applied	with	the	avenue	Hammarby	Allé	functioning	as	a	retail	and	transit	

street and with pre schools integrated in residential buildings. Mixed-use streets are important because 

they	encourage	people	to	walk	or	cycle	to	local	retail,	leisure	and	public	facilities	(Jones	et	al.	2007)	and	

allows	a	wider	range	of 	population	groups	(Jones	et	al.	2007)	which	is	important	in	Hammarby	Sjöstad	

because	the	people	who	live	there	are	of 	different	ages	and	stages	in	life	(single	households,	families	

with	children,	senior	apartments,	student	accommodations,	etc.),	and	also	important	in	Songdo	IBD	

where similar mixture of  population groups are expected to move in. 

Dense cities are often much better than sprawled cities because high densities are often less depended 

on cars and less expensive in terms of  environmental costs, economic costs and resource consumption 

(Roseland	&	Connelly	2005).	Hammarby	Sjöstad	is	considered	as	a	dense	district	in	Stockholm	while	

the same density in Songdo International City would be one of  the lowest. Hammarby Sjöstad is, 

however,	a	brownfield	and	infill	development	that	has	created	a	denser	Stockholm	and	thereby	reduced	

infrastructure	costs	and	reused	a	declining	urban	area	(Tomalty	2003).	

Theoretical framework, case study, analysis and comparison on sustainable urban patterns are summarized 

in table 5.1.1.
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Theoretical 
Framework

Songdo IBD Hammarby 
Sjöstad

Similarities Differences

Sustainable 
Urban Patterns

High density; 
mixed use of  
all urban func-
tions on differ-
ent urban levels; 
decentralized 
services; residen-
tial	nodes;	infill	
development; 
walking distanc-
es; public transit 
integrated with 
urban functions; 
polycentric urban 
structures; subdi-
vision of  plots

Higher density 
at the center 
and lower at the 
edges; urban 
activities cen-
tered; local retail 
streets mixed in 
residential areas; 
mixed use of  all 
urban functions 
on different 
urban levels; not 
an	infill	but	land-
fill	project;	local	
urban functions 
reached within 
walking distance, 
public transit sta-
tions integrated 
with urban func-
tions

High density 
relative to Stock-
holm; mixed use 
mainly along 
avenue and 
in small scale 
in residential 
blocks;	infill	de-
velopment; local 
urban functions 
reached within 
walking distance, 
public transit sta-
tions integrated 
with urban func-
tions

Concentration of  
urban functions 
along a main 
avenue including 
transportation; 
decentralized ser-
vices; mixed use 
is emphasized; 
public transit sta-
tions integrated 
with urban func-
tions; 

Hammarby 
Sjöstad a part 
of  Stockholm’s 
growth while 
Songdo IBD a 
part of  a new 
satellite city. 
Much higher 
density in 
Songdo IBD; 
Hammarby 
Sjöstad	is	an	infill	
development 
while Songdo 
IBD is based on 
landfill

Table 5.1.1. Summary of  sustainable urban patterns.
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Case Study: Songdo IBD

The Korean Peninsula is surrounded by the shallow Yellow Sea to the west which, in combination 

with the complex western coastline, results in high tidal ranges. At Incheon, the tidal range is highest, 

about 10 meters at its maximum. As sediments were piled up along the coast, a large scale littoral zone 

was created. Although not ideal for the eye sight, the muddy expanses have rooted into the Korean 

people	with	traditions	of 	clamming	and	meandering	along	the	tidal	flat.	This	character	will	be	preserved	

in Songdo IBD on 50 percent of  the shore length facing the sea. The other half  will be dredged to 

accommodate	marine	functions	and	boat	traffic	(KPF	2003).	

The	skyline	of 	Songdo	IBD	reflects	 the	mountainous	 terrain	 that	covers	70	percent	of 	 the	Korean	

Peninsula. Like a mountaintop or tent, the center rises in height and gradually steps down towards the 

edges.	The	variations	in	heights	and	floor	area	ratios	result	in	softer	outlines	than	the	traditional	high-

rise	megacities	(KPF	2003).

Large Scale Open Space

Green	space	in	Songdo	IBD	is	designated	with	30	percent	or	1.8	square	kilometers	of 	the	total	area	(Gale	

International	&	POSCO	E&C).	At	the	heart	of 	the	IBD	lies	the	0.4	square	kilometers	Central	Park,	as	

shown	in	figure	5.2.1.,	which	is	comparable	in	scale	with	Boston	Commons	or	London	Hyde	Park,	and	

will	provide	connection	to	nature	in	the	urban	environment	(KPF	2003).	A	botanical	garden,	teahouse,	

theater, museum and other cultural institutions and recreational amenities are located in the Central 

Park, to which pockets of  space will lead, instead of  a widely open green space, which contribute to 

dynamic	spaces,	open	sceneries	and	winding	paths	(KPF	2003).	The	Central	Park	is	illustrated	in	figure	

5.2.2.	to	5.2.6.

Biodiversity is supported by three categories: plant ecologies, water ecologies and animal ecologies. 

Greens spaces have a diverse planting palette to give every place its most suitable vegetation. The most 

complex	system	is	the	seawater	canal	that	runs	through	the	Central	Park.	Various	species	of 	fish,	turtles,	

crustaceans	and	planktons	are	expected	to	inhabit	the	canal	(Gale	International	&	KPF).	Using	seawater	

instead	of 	freshwater	saves	thousand	of 	liters	of 	potable	water	every	day	(Gale	International	&	POSCO	

E&C)	and	since	the	saltwater	does	not	freeze	in	winter,	continuous	water	taxi	service	will	be	possible	

(KPF	2003).	

5.2. Sustainable Landscape Design
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Small Scale Open Space

In much smaller scale, attempts are made to create a 

garden	city.	As	seen	in	figure	5.2.7,	residential	areas	have	

inner-block parks that cut through the blocks, allowing 

pedestrians an alternative route, and there are common 

courtyards planted with trees, which are surrounded by 

townhouses with front gardens along the streets. Landscape 

planning is included in all sections so the streets can be 

seen	as	a	network	of 	linear	green	(KPF	2003).

JACK NICKLAUS 
SIGNATURE GOLF CLUB

CENTRAL PARK

Figure 5.2.1. Green and blue structure. 
Image: Hayoung Kang.

Figure 5.2.2. Rendering of  Central Park 
(Gale	International	2010).

Figure 5.2.3. Central Park, December 2009 
(Gale	International	2010).

Figure 5.2.4. Central Park, December 
2009	(Gale	International	2010).

Figure 5.2.5. Central Park, March 2010. 
Photo: Hayoung Kang.

Figure 5.2.6. Central Park, March 2010. 
Photo: Hayoung Kang.

Figure 5.2.7. Garden city urban fabric 
(KPF	2003).
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Case Study: Hammarby Sjöstad

Hillocks surrounding the area are preserved as natural parks and the buildings are formed as the natural 

heights	and	 the	silhouette	vary.	The	green	and	blue	structure	 is	 illustrated	 in	figure	5.2.8.	The	close	

Nackareservatet, a large nature reserve area, is linked to the area by wildlife crossings that allow animals 

to cross the motorway Södra Länken safely. Sickla Park is an old oak forest and Lumaparken has the 

character of  a district park for the residents at Södra Hammarbyhamnen. Hammarby Gård has a strong 

elliptic shape with mainly residences placed around it. Linked to Hammarbyterrassen, the open space 

has direct contact to the water, along which several parks and open spaces are located with different 

characters. For example, along Sickla Udde, wooden bridges lead out on the water among reed beds 

and preserve the natural character, while in Sickla Kaj, the design is inspired by the former industrial 

activities,	yet	with	a	marine	atmosphere	(Menyes	2004).

Figure 5.2.8. Green and blue structure. 
Image: Hayoung Kang.

Figure 5.2.9. Snow-covered wooden bridges 
among reed beds. Photo: Hayoung Kang.

Figure 5.2.10. Sjöstadsparterren. 
Photo: Lennart Johansson.

Figure 5.2.11. Block level open space. 
Photo: Lennart Johansson.

Figure 5.2.12. Lumaparken. 
Photo: hammarbyalle.se.

The	variation	of 	open	spaces	and	 landscape	design	 is	 illustrated	 in	figure	5.2.9	 to	5.2.12.	The	open	

spaces in Hammarby Sjöstad are designated almost 20 percent or 0.3 square kilometers of  the land area 

and exist in several scales and types that form a network. The water of  lake Hammarby Sjö is never 

far	away	from	the	tree	planted	avenue,	the	walking	lanes,	the	parks,	and	other	public	spaces	(Menyes	

2004).	

Sickla Park
Lumaparken

Hammarby Gård
Hammarbyterrassen

Wildlife crossings

SICKLA UDDE

SICKLA KAJ
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Plenty	of 	green	features,	a	playground,	and	a	terrace	for	ground	floor	apartments	have	been	preconditions	

for the inner-block garden designs. However, the characters vary from open and semi-open to semi-

closed and closed gardens, and, in terms of  location, the courtyards face towards a street, a park, the 

nature	and/or	the	water.	Some	of 	the	inner	gardens	have	private	allotments	(Jönsson	2004).

Stormwater in the Urban Landscape

In	 Hammarby	 Sjöstad,	 stormwater	 from	 streets	 with	 less	 than	 8,000	 vehicles	 per	 day	 (Pandis	 &	

Brandt	2009)	 is	managed	 locally	and	 is	visibly	 located	above	ground,	 instead	of 	below	(GlashustEtt	

et	al.	2007).	On-site	gutters	transport	stormwater	from	the	apartment	blocks	to	a	stormwater	canal	at	

Sjöstadsparterren	which	is	seen	in	figure	5.2.13.	The	award-winning	stormwater	canal	is	integrated	in	

the	apartment	blocks	and	leads	the	water	out	into	Hammarby	Sjö	via	a	water	ladder,	see	figure	4.2.14	

(GlashustEtt	et	al.	2007).

Figure 5.2.14. Stormwater ladder. 
Photo: Hayoung Kang.

Figure 5.2.13. Integrated stormwater canal at Sjöstadsparterren. 
Photo: Lennart Johansson.
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Case Study Analysis and Comparison

Different levels of  green, from block gardens to city parks, are integrated in the urban environments of  

Songdo IBD and Hammarby Sjöstad, creating a network of  urban green spaces. In Hammarby Sjöstad, 

there	is	even	a	wildlife	crossing	over	the	motorway.	According	to	Von	Borcke	(2003),	the	network	of 	

open spaces is a fundamental landscape design concept which allows wildlife habitat to move more 

freely, and which increases biodiversity. It is followed by careful selection of  plants and vegetation, 

as well as good access to water. Water is actually one common feature in both cases, having seawater 

penetrating	the	sites.	As	Roseland	and	Connelly	(2005)	suggest,	urban	agriculture	exist	in	Hammarby	

Sjöstad in the form of  private allotments, although in very small scale. 

Preserving characteristics of  the landscape and integrating its elements in the city allows us to understand 

the	environment	as	a	balanced	coexistence	of 	city	and	nature	(Von	Borcke	2003).	This	principle	has	

been conformed in both Songdo IBD and Hammarby Sjöstad, although in different ways. The center 

of  Songdo IBD was inspired by the mountainous landscape of  South Korea while the edge towards the 

Yellow Sea was partly preserved as the characters of  muddy shores. In Hammarby Sjöstad, the hillocks 

surrounding the area are preserved as natural parks and the buildings’ heights follow the motions of  

the landscape. 

The Blue Landscape

The canal cutting through the Central Park in Songdo IBD will require a large amount of  water, as 

Roseland	and	Connelly	 (2005)	expressed	as	a	downside	for	open	spaces.	However,	since	seawater	 is	

used for the canal, freshwater is saved and natural habitat is allowed to follow the water into the city. 

Stormwater management is integrated in the urban landscape in both Songdo IBD and Hammarby 

Sjöstad, and adds more sustainability to the sites, because the open treatment of  stormwater contributes 

to additional green space in the urban landscape and something to rest they eye on. The advantages of  

integrating	such	green	space	in	the	urban	environment	are	asserted	by	Von	Borcke	(2003)	as	wildlife	

habitat support, urban stress counteraction, and property value retain. 

Theoretical framework, case study, analysis and comparison on sustainable landscape planning are 

summarized in table 5.2.1.
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Theoretical 
Framework

Songdo IBD Hammarby 
Sjöstad

Similarities Differences

Sustainable 
Landscape 
Design

Local climate, 
local landforms, 
local conditions; 
balanced coexis-
tence of  city and 
nature; network 
of  open spaces; 
on-site natural 
drainage; urban 
agriculture

30 percent green 
space; use of  
local terrain 
conditions; dif-
ferent levels of  
green; network 
of  open spaces; 
use of  seawater 
in Central Park 
Canal; stormwa-
ter integrated in 
the urban land-
scape

20 percent 
green space; 
local terrain 
preserved; dif-
ferent levels of  
green; network 
of  open spaces; 
urban agriculture 
through private 
allotments; 
stormwater in-
tegrated in the 
urban landscape; 
wildlife crossings; 
Hammarby Sjö

20-30 percent 
green space; use 
of  local terrain 
conditions; dif-
ferent levels of  
green; network 
of  open spaces; 
seawater running 
through both 
sites; stormwater 
integrated in the 
urban landscape

Hammarby 
Sjöstad has 
urban agriculture 
through private 
allotments, and 
wildlife crossings

Table 5.2.1. Summary of  sustainable landscape planning.
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Case Study: Songdo IBD

Regional Connectivity

Incheon and Seoul are two major important metropolitan cities within the region. A good connection 

between those cities and Incheon Airport is essential for making Songdo IBD attractive as an international 

business hub. Figure 5.3.1. illustrates the main regional transportation network. A subway line runs 

along the Park Avenue, connecting Songdo IBD with Incheon and Seoul. Subway stations are placed 

at important intersections with streets leading to business and residential districts. Along Park Avenue, 

main	commercial,	office	and	retail	activities	are	mixed	with	residences	(KPF	2003).	

In	January	2011,	a	new	Great	Train	eXpress	(GTX)	line	will	connect	Songdo	with	the	center	of 	Seoul.	

Normally, subway trains travel 20 to 30 meters below ground, but paving deeper, 40 to 50 meters below 

ground will allow straight paths and thereby shorter distances. Travel time from Songdo to Seoul which 

currently	takes	47	minutes,	will	be	reduced	to	20	minutes	(Chosun	2009).	
INCHEO
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INCHEON 
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Figure 5.3.1. Regional transportation. Image: Hayoung Kang.

Park Avenue

5.3. Sustainable Traffic and Transportation
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Local Transportation

The	 local	 transportation	 network	 is	 presented	 in	 figure	 5.3.2.	 The	 pedestrian	 and	 bicycle	 networks	

are	connected	to	subway	stations,	bus	stops,	parks,	schools,	public	government	offices	etc.	A	total	of 	

25	kilometers	bicycle	lanes	will	be	constructed	within	the	project	area	(Gale	International	&	POSCO	

E&C).	The	connections	to	bus	stops	make	transfers	easier	and	link	the	overlapping	networks,	allowing	

residents	and	visitors	to	bike	or	walk	to	open	spaces	(KPF	2003).	To	support	bicycle	transportation,	a	

rental bike system will be introduced in Songdo IBD, providing the residents and visitors access to the 

network	and	safe	storage.	The	rental	bike	stations	are	located	as	in	figure	5.3.3.	(Gale	International	&	

KPF).	

Water taxis run from the waterfront through the Central Park Canal. The route links the areas around 

the canal and provides convenient transportation over the canal. Since the saltwater in the Central Park 

Canal	does	not	freeze	in	winter,	continuous	water	taxi	service	will	be	possible	(KPF	2003).	

Figure 5.3.3. Rental bike stations. Image: Hayoung Kang.Figure 5.3.2. Local transportation. Image: Hayoung Kang.
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Park Avenue

The major vehicular corridors circulate around the edges of  the city, allowing express movement across 

longer	distances.	Within	the	city,	vehicular	movement	is	eased	by	evenly	distributing	traffic	across	the	

grid	system	(KPF	2003).	To	further	maximize	pedestrian-oriented	public	space,	parking	will	be	located	

primarily under ground or under canopies. Within each project block, 5 percent of  parking capacity 
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will	be	reserved	for	fuel-efficient	and	low-emitting	vehicles.	An	additional	5	percent	of 	parking	capacity	

within	office	and	commercial	blocks	will	be	set	aside	for	carpool	vehicles	(Gale	International	&	POSCO	

E&C).	

The	concept	of 	Ubiquitous	City	is	applied	in	Songdo	IBD.	That	is,	traffic	and	transformation	information	

will be available across an extensive interconnected e-network. In addition, advanced technologies of  

zero	emission	hydrogen	fuel	cell	buses	are	introduced	in	Songdo	IBD	(Gale	International	&	KPF).

Accessibility

Pedestrian thresholds or zones “within which one would walk or take public transport rather than drive”	(KPF	

2003	p.	38),	are	considered	as	a	basis	for	the	overall	city	form	(KPF	2003).	Bus	stops	are	located	within	

400	meters	from	all	residential	and	commercial	buildings	(figure	5.3.4.),	providing	very	high	accessibility	

to	the	transportation	network	(Gale	International	&	KPF).	Along	the	central	Park	Avenue,	buses	are	

connected to the subway stations, allowing easier transfers between regional and local transportation 

networks	(KPF	2003).	Subway	stations	are	located	within	600	meters	from	almost	all	working	places	(figure	

5.3.5.)	which	allows	daily	regional	commuting	to	and	from	workplaces	with	public	transportation.

Figure 5.3.4. Bus stops are located within less than 400 
meters throughout the entire area. Image: Hayoung Kang.

Figure 5.3.5.	Subway	stations	are	located	within	600	
meters from workplaces. Image: Hayoung Kang.

400 m

600 m
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Hammarby Allé Hammarby Allé
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Figure 5.3.7. Light rail and subway route map. 
Image: Hayoung Kang.

Figure 5.3.6. Light rail. Photo: Lennart Johansson.

Case Study: Hammarby Sjöstad

Light Rail and Subway

The	light	rail,	Tvärbanan	(figure	5.3.6),	is	currently	running	between	Hammarby	Sjöstad	and	western	

Stockholm.	 Starting	 from	 Sickla	Udde,	Tvärbanan	 has	 four	 stops	 along	Hammarby	Allé,	 providing	

district-covering	public	 transportation	(figure	5.3.7.).	Tvärbanan	runs	every	7-8	minutes	during	busy	

hours and every 10 minutes during the day11. In Gullmarsplan, transit change to subway is possible, 

allowing	accessibility	to	the	whole	Stockholm	area	within	just	a	few	minutes	(SL	2006).	There	are	now	

plans on extending the line to Slussen, which would allow even better connections to Stockholm’s inner 

city.

Local Transportation

The nearness to Stockholm’s inner city makes Hammarby Sjöstad a perfect biking district. The regional 

bicycle net runs through the perimeter of  Hammarby Sjöstad and links Nacka and Stockholm City 

together,	 as	 illustrated	 in	 figure	 5.3.8.	 The	 internal	 bicycle	 net	 is	 continuous	 and	 along	 the	 avenue	

separated	from	pedestrians	due	to	traffic	safety.	Walking	and	bicycle	paths	are	separated	from	car	traffic	

along	the	water	walks	and	the	park	lanes	(Strömbom	2004).	

Figure 5.3.8 also illustrates the bus system that connects Hammarby Sjöstad directly to the neighboring 

cities	Nacka	and	Värmdö,	as	well	as	to	the	 inner	city	of 	Stockholm	(Strömbom	2004).	Biogas	from	

sewage sludge is currently being used as vehicle fuel in inner city buses, garbage trucks and taxis 

(GlashustEtt	et	al.	2007).

11	Time	table	for	Tvärbanan	valid	from	2009-08-17	to	2010-06-24.	Available	at	http://www.sl.se/
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Figure 5.3.8. Bicycle, bus and car network. 
Image: Hayoung Kang.

Figure 5.3.9. Ferries’ route. Image: Hayoung Kang.
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Ferries transport pedestrians and cyclists over the water, from Hammarby Sjöstad to Södermalm, 

Stockholm	City	and	Djurgården,	as	illustrated	in	figure	5.3.9.	The	route	Hammarby	Sjöstad	–	Södermalm	

runs every day throughout the year, from early morning to late night. The ferries are free of  charge 

(GlashustEtt	et	al.	2007;	Strömbom	2004).	
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The internal streets of  Hammarby Sjöstad are designed for a speed of  30 kilometers per hour and the 

intersections	between	the	avenue	Hammarby	Allé	and	the	crossings	streets	are	elevated	in	order	to	lower	

the	speed.	The	major	traffic	including	heavy	motor	vehicles	is	referred	to	the	peripheral	road	network	

(Strömbom	2004).	There	are	0.55	parking	spaces	per	apartment	in	the	area,	although	a	little	more	in	the	

latest developed neighborhoods. For residents, parking is mostly in garages but there are parallel parking 

pockets	along	the	streets	for	visitors	(Cederquist	2009).	The	low	parking	number	can	partly	be	explained	

by	the	extensive	carpool	system	in	the	area.	In	2007,	10	percent	of 	the	residents	in	Hammarby	Sjöstad	

had joined a carpool and there were up to 35 carpool cars parked in the parking lots reserved for such 

cars	(GlashustEtt	et	al.	2007).

Accessibility

The	37.5	meters	wide	avenue	Hammarby	Allé	is	the	main	artery	for	transportation	that	incorporates	the	

light rail and buses as well as bicycles, pedestrians, cars, parking pockets and trees. Bus stops are reached 

within	400	meters	from	almost	the	entire	project	area,	as	shown	in	figure	5.3.10.,	and	the	light	rail	is	

reached	within	600	meters	from	almost	all	working	places	or	even	throughout	the	area	(figure	5.3.11),	

which allows very high accessibility to Stockholm’s inner city. The subway station at Gullmarsplan can 

be reached by just a few people within a walking distance.
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Changes in Travelling

Statistics	from	an	evaluation	report	(Pandis	&	Brandt	2009)	have	shown	that	travelling	with	light	rail	and	

the	ferry	within	the	area	has	increased	between	2002	and	2007,	and	that	the	number	of 	cyclists	on	the	

ferry	has	increased	between	2005	and	2008.	In	2007,	69	percent	of 	the	households	had	access	to	an	own	

car,	compared	to	83	percent	for	the	whole	Swedish	population	the	same	year	(Vägverket	et	al.	2007).	

In the same report, surveys showed that almost 80 percent of  the residents in Hammarby Sjöstad walk, 

cycle or use public transportation. It is noticeable, however, that only 20-30 percent of  the residents 

participated in the survey.

Figure 5.3.11.	Light	rail	(and	subway)	stations	
within	600	meters	from	workplaces.	
Image: Hayoung Kang.

Figure 5.3.10. Bus stops within 400 meters 
throughout the entire area. 
Image:Hayoung Kang

400 m

GULLMARSPLAN 600 m
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Case Study Analysis and Comparison

Integrated Traffic and Land Use Planning

Thorne	and	Filmer-Sankey	(2003)	stress	that	the	integrated	planning	of 	traffic	and	transportation	and	

land	use,	and	the	interconnections	among	transportation	systems	are	crucial	for	sustainable	traffic	and	

transportation.	 In	 addition,	Clarke	 (2003)	 argues	 that	 sustainable	 urban	 form	 includes	 communities	

where	day-today	facilities	can	be	reached	within	walking	distance.	Integrated	traffic	and	land	use	planning	

with priorities to reach main city functions with walking, cycling and public transportation is applied in 

both cases. Subway/light rail stations, bus stops, and bicycle lanes are located adjacent to main urban 

functions,	both	along	the	Park	Avenue	in	Songdo	IBD	and	the	avenue	Hammarby	Allé	in	Hammarby	

Sjöstad.	The	higher	densities	along	the	avenues	allow	local	retail,	markets,	bakeries	and	cafés	within	the	

neighborhoods. The high density in Songdo IBD allows public transportation in much larger scale. 

Regional and Local Connectivity

In Songdo IBD, interconnections between and within regional and local networks are widely emphasized. 

Bicycle lanes are connected to bus stops that are connected to subway stations, which in turn are 

connected to the regional network. In Hammarby Sjöstad, the local transportation network is more 

emphasized, and regional connectivity is supported by transportation modes reaching the inner city of  

Stockholm. The two cases’ differences in scale and relation to other cities may be important features that 

determine the district’s demand for regional and local connectivity. The local transportation systems in 

Hammarby Sjöstad seem to have been successful because the number of  people who walk, cycle or use 

public transportation have increased at the same time as access to own car has decreased. The need to 

travel and the distance that people have to travel may not have reduced, but travel modes seem to have 

changed,	which	is	a	substantial	change	for	sustainable	transport	(Thorne	&	Filmer-Sankey	2003).	The	

idea of  Songdo IBD is that people who work in the district will also live there, which perhaps would 

reduce needs to travel long distances. However, Songdo IBD is not fully built and such travel behavior 

is yet impossible to tell.

Accessibility

If 	urban	functions	can	be	reached	within	a	five	minute	walk,	or	400	meters,	it	can	be	said	that	it	is	in	a	

walkable	distance	(CNU	2001).	Bus	stops	in	both	Songdo	IBD	and	Hammarby	Sjöstad	are	within	400	
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meters	throughout	the	sites,	and	often	much	closer.	According	to	Schylberg	(2008)	studies	have	shown	

that	workplaces	on	a	distance	of 	not	more	than	500-600	meters	are	what	workers	find	acceptable	to	

walk from central stations. Both Songdo IBD and Hammarby Sjöstad have subway or light rail stations 

within	600	meters	from	almost	all	workplaces.

New Technology

Examples of  cleaner transportation modes are seen in both cases. Hydrogen fuel cells are used in some 

of  the buses in Songdo IBD, and biogas produced in Hammarby Sjöstad is used for inner city buses, 

garbage	 trucks	 and	 taxis	 in	 Stockholm.	However,	 referring	 to	 the	OECD	definition	 of 	 sustainable	

transportation	(OECD	1996),	the	risk	aspect	of 	hydrogen	fuel	cells,	and	the	greenhouse	gases	of 	using	

biofuels	(Roseland	&	Connelly	2005),	neither	technology	is	completely	sustainable.

Transport Demand Management

Several	 measures	 of 	 TDM	 (MAX	 2007)	 are	 applied	 in	 both	 cases.	 Parking	management	 including	

priorities	for	fuel	efficient/shared	vehicles	is	implemented,	as	well	as	car	pooling.	Also,	walking,	cycling	

and using public transportation is encouraged through high accessibility transportation, integrated land 

use plan, and free-of-charge water taxis. The concept of  U-City in Songdo IBD is also within the 

field	of 	TDM	because	the	network	will	be	able	to	give	travel	information	on	congestions,	accidents,	

alternative routes etc. 

Theoretical	framework,	case	study,	analysis	and	comparison	on	sustainable	traffic	and	transportation	are	

summarized in table 5.3.1.
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Theoretical 
Framework

Songdo IBD Hammarby 
Sjöstad

Similarities Differences

Sustainable 
Traffic and 
Transportation

Integrated land 
use planning; 
reduce need to 
travel; change 
in travel mode 
(i.e.	more	public	
transportation 
and	less	cars);	
use sustainable 
fuel; high density 
urban develop-
ment; mixed use; 
TDM measures

Integrated transit 
stations and 
urban functions: 
400 m to bus 
stops from entire 
area	and	600	m	
to subway sta-
tions from work-
places; regional/
local network 
interconnections; 
fuel cells used for 
buses; TDM: car 
pooling; parking 
management 
with priorities 
to	fuel	efficient	
vehicles; U-City; 
walking, cycling 
and public trans-
portation encour-
aged through 
integrated transit 
stations and bike 
rental system

Integrated 
transit stations 
and urban func-
tions: 400 m to 
bus stops from 
entire area and 
600	m	to	light	
rail stations from 
workplaces; 
mainly local 
transportation; 
need to travel 
not reduced but 
travel modes 
changed to the 
better; biogas 
used for buses; 
TDM: car 
pooling; parking 
management 
with priorities to 
shared vehicles; 
walking and 
cycling encour-
aged through 
continuous lanes 
and public transit 
along main 
avenue

Integrated transit 
stations and 
urban functions: 
400 m to bus 
stops from entire 
area	and	600	
m to subway/
light rail stations 
from work-
places; regional/
local network 
interconnec-
tions; TDM: 
car pooling and 
parking man-
agement with 
priorities to fuel 
efficient/shared	
vehicles; walking, 
cycling and 
public transpor-
tation encour-
aged

Hammarby 
Sjöstad has 
mainly local 
transporta-
tion because 
of  its scale and 
location while 
Songdo IBD has 
both extensive 
regional and local 
transportation; 
biogas is used for 
buses in Ham-
marby Sjöstad 
and fuel cells are 
used for buses 
in Songdo IBD; 
U-City applied in 
Songdo IBD

Table 5.3.1. Summary	of 	sustainable	traffic	and	transportation.
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Case Study: Songdo IBD

District Heating and District Cooling

In 2004, Incheon Total Energy Company was found to supply district heating and cooling and electricity 

to the areas in Songdo International City. A combined heat and power plant will supply power and 

district	 heating	 to	 Songdo	 IBD,	 see	 figure	 5.4.1.	 The	 energy	will	 derive	 from	 incinerated	waste.	 In	

the absorption refrigeration process, water is used as refrigerant, instead of  the harmful Freon gas, 

converting the residual heat into district cooling. By using district cooling, electricity peaks during hot 

summers	in	Korea	are	reduced,	and	electricity	power	shortages	are	prevented	(INTECO	2010).

South	Korea	is	the	second	largest	importer	of 	liquefied	natural	gas	(LNG)	in	the	world	after	Japan	(Cho	

2010).	10	percent	of 	the	nation’s	energy	use	derives	from	LNG	and	is	used	for	domestic,	industrial	and	

commercial	purposes	(KOGAS).	LNG	will	be	an	energy	source	for	the	district	heating	system.	The	

share of  which LNG will be used is not given. 

Building Level

Songdo IBD is applying LEED Rating Systems in all projects within the site and is one of  the pilot 

projects	for	LEED-ND	certification.	From	that	follows	a	number	of 	energy	saving	measures	such	as	

super	efficient	physical	plants,	high	performance	glazing	with	super	insulating	walls,	sensible	building	

orientation	and	landscape,	green	roof 	and	high	albedo	roofing,	natural	air	circulation	through	adjacent	

areas, daylight harvesting with light level sensors and movement detectors, stormwater collection and 

greywater	system,	and	low	flow	water	fixtures	(Gale	International	&	KPF).

Figure 5.4.1. Energy	distribution	(Gale	International	&	KPF,	partly	own	graphics).
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Cutting-edge Energy Saving Technology

Advanced technology will be applied to a number of  projects in the IBD such as: zero emission buses 

featuring	hydrogen	fuel	cells,	photovoltaics	integrated	in	buildings	or	mounted	on	rooftops,	LED	traffic	

lights,	high	performance	HVAC	filters	lowering	energy	costs	by	over	20	percent,	regenerative	elevators	

that	are	75	percent	more	energy	efficient	than	standard	elevators,	and	electrical	vehicle	charging	stations.	

Wind	power	will	be	used	to	circulate	the	water	between	the	water	source	(Yellow	Sea)	and	the	canal	in	

Central	Park	(Gale	International	&	POSCO	E&C).	Estimated	energy	consumption	savings,	based	on	

LEED-certification,	are	shown	in	figure	5.4.2.

Figure 5.4.2. Total energy consumption savings
(Gale	International	&	KPF,	partly	own	graphics).
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Case Study: Hammarby Sjöstad

The integrated environmental solutions in Hammarby Sjöstad are presented in the eco-cycle model that 

has	become	known	as	the	Hammarby	Model,	see	figure	4.6.3.	Energy	is	one	of 	the	synergetic	effects	

between	the	three	sections	energy,	waste	and	water	&	sewage	(GlashustEtt	et	al.	2007).

District Heating and District Cooling

For several decades, Stockholm has used district heating to heat buildings. Högdalen combined heat 

and power plant recovers energy from on-site sorted combustible waste to produce electricity and 

district	 heating	 (GlashustEtt	 et	 al.	 2007).	 Today,	 95	 percent	 of 	 the	 energy	 in	 domestic	 solid	waste	

from Hammarby Sjöstad is recovered and distributed to the grid through incineration. In addition, 100 

percent	of 	the	energy	from	the	sewage	is	recovered	(Pandis	&	Brandt	2009).	In	Henriksdal	wastewater	

treatment plant, organic material in the form of  sludge is separated from the wastewater. During the 

digestion process, biogas is produced from the sludge, which is currently being used as vehicle fuel in 

inner city buses, garbage trucks and taxis. The waste heat from the treated wastewater is extracted by 

the Hammarby plant, from which heat is converted into cooling, that circulates in the district cooling 

network in the form of  water. The cooling is a waste product from the production of  district heating 

(GlashustEtt	et	al.	2007).	´

Further,	from	the	beginning	of 	the	1990s	to	the	beginning	of 	the	2000s,	Fortum	(the	energy	company)	

made some important changes in their district heating distribution. By increasing the share of  energy 

from	tall	oil	 (liquid	rosin)	and	bio	 fuel,	and	reducing	 the	share	of 	energy	from	burning	fossil	 fuels,	

the	environmental	burden	from	the	areas	that	were	built	at	that	time	were	cut	down,	see	figure	5.4.3.	

(Grontmij	2008).

Figure 5.4.3. Environmental index for buildings, site and area in the areas Sickla Udde, Sickla Kaj, Lugnet and Proppen. 
Reference	values	are	on	the	left	of 	each	diagram	(Grontmij	2008).

outlet of non-renewable energy sources emission to air, ground and water
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Building Level and Cutting-edge Energy Saving Technology

According	to	Grontmij	(2008),	environmental	burden	from	buildings	in	Hammarby	Sjöstad	was	much	

lower	 due	 to	 the	 following	 energy	 saving	 measures:	 additional	 thermal	 insulation,	 energy	 efficient	

windows	 (lower	U-values),	 demand	 controlled	 ventilation,	 individual	measuring	 of 	 heating	 and	 hot	

water	in	apartments,	energy	efficient	installations	and	appliances	(all	appliances	in	the	apartments	were	

contracted	to	a	minimum	level	of 	energy	efficiency	class	A (Freudenthal	2010)),	lighting	control,	solar	

collectors, photovoltaics, and fuel cells. The change in environmental index for buildings is presented 

in	figure	5.4.4.

Because Hammarby Sjöstad already had a developed technology for district heating, solar thermal energy 

was not considered as an alternative for large scale energy distribution. However, fuel cells and solar 

collectors were installed locally on some large apartment blocks in Hammarby Sjöstad as a showcase for 

and to try out the technology. Some 40 apartments have domestic electricity derived from photovoltaic 

panels	(Green	2006).	An	example	of 	solar	panel	installation	is	shown	in	figure	5.4.5.

Figure 5.4.4. Environmental index for buildings in the areas Sickla Udde, Sickla Kaj, Lugnet and Proppen. Reference 
values	are	on	the	left	of 	each	diagram	(Grontmij	2008).

Figure 5.4.5 Solar panels installed on rooftops. 
Photo: Hayoung Kang.

outlet of non-renewable energy sources emission to air, ground and water
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Case Study Analysis and Comparison

Combined Heat and Power for District Heating and District Cooling

District heating and district cooling using CHP plants are forming the energy supply systems in both 

cases. Compared to individually generated heat, district heating is more sustainable because it is more 

cost effective and reduces carbon dioxide emissions. Also, using absorption chillers, district cooling 

is	gained	as	a	waste	product	(DECC	2009).	The	CHP	plants	in	Songdo	IBD	and	Hammarby	Sjöstad	

produce electricity and recovers energy from waste incineration, which is a waste product. However, 

in Songdo IBD, LNG is also used in the district heating system. The sustainability of  LNG may be 

discussed because on one hand, LNG is considered as the cleanest burning fossil fuel, odor free, 

non-toxic,	and	non-corrosive	(CLNG	2010),	but	on	the	other	hand,	LNG	is	criticized	for	generating	

significant	amount	of 	additional	greenhouse	gas	emissions	during	its	lifecycle	(RACE	2010).	However,	

the	CHP	plan	 itself 	 can	 gain	 significant	 environmental	 benefits	 compared	 to	 conventional	 separate	

heat	and	electricity	supplies	because	it	 is	much	more	energy	efficient	and	cost	 less	(Thomas	2003b).	

Biomass in the form of  sewage sludge is digested and used as biofuels in Hammarby Sjöstad. In terms 

of  sustainability, there are contradictions here as well, since biofuels are considered as better than fossil 

fuels	(DOE	2010),	but	not	yet	good	(Roseland	&	Connelly	2005).

Direct Solar Energy

Solar collectors and photovoltaics are used in some projects in Hammarby Sjöstad, with the main 

purpose	 to	 try	 out	 the	 technology	 and	 to	 strengthen	 the	 area	 as	 a	 showcase.	 Some	 projects	 (exact	

amount	unknown)	in	Songdo	IBD	will	be	fitted	with	photovoltaics	that	supply	electricity.	The	scales	of 	

which solar collectors and photovoltaics are used in both cases are not city-wide and not central in the 

energy	distribution.	As	Thomas	(2003)	argues,	the	costs	can	be	a	major	disadvantage	for	photovoltaics.	

In Stockholm, the district heating system was already well established, and neglecting the system with 

advantage for solar energy could have challenged the whole system, which is why solar energy is currently 

used	only	in	small	scale	(Green	2006).	

Wind Power

Off-shore	wind	power	is	used	in	Songdo	IBD	to	circulate	the	canal	water	in	the	Central	Park.	Wind	

power	derives	originally	from	the	sun,	which	is	why	it	may	be	considered	as	sustainable	(Hough	2006).	
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Theoretical 
Framework

Songdo IBD Hammarby 
Sjöstad

Similarities Differences

Sustainable 
Energy 
Systems

Direct solar 
energy; wind 
power; fuel cells; 
waste; biomass; 
LNG; CHP; dis-
trict heating and 
district cooling

Photovoltaics 
used in small 
scale; wind 
power circu-
lates seawater 
in Central Park 
Canal; fuel cells 
for buses; waste 
incineration and 
LNG for district 
heating; water for 
district cooling;

Solar collectors 
and photovol-
taics applied 
in small scale; 
small-scale fuel 
cells in build-
ings; biogas from 
organic waste 
for buses; waste 
incineration for 
district heating; 
heat from waste-
water for district 
cooling

Cutting-edge 
solar technology 
used in small 
scale; waste 
incineration 
as source for 
district heating 
and	(waste)water	
used for district 
cooling

Small-scale fuel 
cells in buildings 
in Hammarby 
Sjöstad; biogas 
from organic 
waste is used for 
buses in Ham-
marby Sjöstad 
and fuel cells are 
used for buses 
in Songdo IBD; 
Songdo IBD uses 
wind power to 
circulate seawater 
in Central Park 
Canal; Songdo 
IBD uses LNG 
as well for dis-
trict heating

Off-shore	wind	turbines	do	not	have	the	problems	with	visuals,	acoustics,	as	they	may	have	in	urban	

environments	(Thomas	2003b).

Fuel Cells

Fuel cells are also used in small scale in both Songdo IBD and Hammarby Sjöstad. Fuel cells using 

hydrogen	gas	is	a	clean	and	efficient	technology	since	it	is	based	on	the	components	of 	water,	hydrogen	

and	oxygen.	However,	for	larger	scale	usage,	further	research	is	required	(Roseland	&	Connelly	2005).

Theoretical framework, case study, analysis and comparison on sustainable energy systems are 

summarized in table 5.4.1.

Table 5.4.1. Summary of  sustainable energy systems.
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Case Study: Songdo IBD

A resident of  Songdo IBD is estimated to produce 0.85 kg waste per person and day, and a worker 20 

percent	of 	it,	i.e.	0.17	kg	per	person	and	day.	Overall,	a	waste	amount	of 	88.64	tons	are	estimated	to	be	

produced	within	Songdo	IBD	per	day	(Incheon	Metropolitan	City	&	NSIC	2009).

Storage and Collection of Recyclables

The	 prerequisite	 ‘MRp1:	 Storage	 and	Collection	 of 	Recyclables’	 in	 LEED	Rating	 Systems	 requires	

all residential projects to provide centralized storage and collection of  glass, metal, plastic, paper, and 

cardboard, at a minimum. Easy collection from all residential, retail, and amenity spaces throughout 

the	residential	site	 is	required	(Gale	International	&	Gale	International	Korea	2009).	Recyclables	are	

picked-up above ground on a scheduled regular basis and transported to a central trash yard where they 

are	removed	from	the	waste	stream	and	brought	back	to	the	production	stream	(Gale	International	&	

KPF).	The	waste	collection	system	is	illustrated	in	figure	5.5.1.

Figure 5.5.1.	Waste	management	(Gale	International	&	KPF,	partly	own	graphics).

Charging for Waste

Since	1995,	many	cities	in	South	Korea	apply	Volume-Based	Garbage	Collection	Fee	(VGCF)	system.	

Waste	(including	recyclables)	must	be	thrown	in	special	disposal	bags	that	are	priced	according	to	its	

size. Thereby, the waste generator is charged, through the purchasing of  the bags, for the amount of  

waste that is thrown. This VGCF system will be applied in Songdo IBD as well. In Seoul, this system 

reduced per capita disposal from 1.3 kilograms in 1994 to 0.9 kilograms in 2000, and increased the 

amount	of 	recycled	materials	(Kim	2004).
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Figure 5.5.2. Pneumatic waste collection system 
(IFEZ	2007).

Figure 5.5.3. Waste processing center 
(SK	E&C	2008).

Wastewater

Greywater is used for cooling tower operations or treated and distributed to a network for non-

potable	water	activities,	such	as	for	toilet	flushing	and	urinals,	which	 in	turn	 is	collected	and	treated	

as blackwater. The blackwater is treated and turned into water with a quality good enough for toilet 

flushing,	road	cleaning,	and	irrigation	of 	urban	green	spaces.	The	sludge	from	the	blackwater	treatment	

plant is delivered to a methane reactor, which will turn the sludge into an energy source. This system will 

completely	eliminate	the	use	of 	potable	water	for	landscape	purposes	(Gale	International	&	KPF).	

Pneumatic Waste Collection System

For organic waste and combustible waste, a pneumatic waste collection system is being installed in the 

whole	Songdo	International	City	area,	see	illustration	in	figure	5.5.2.	Every	block	has	a	set	of 	garbage	

chutes for each fraction that is connected to underground pipes through which the waste fractions 

are transported, eliminating the need of  waste truck transportation above ground. The waste is then 

compressed,	dehydrated	and	sorted	in	waste	processing	centers,	see	figure	5.5.3.,	of 	which	three	are	

located within Songdo IBD. After, the waste is transported to an incineration station located in District 

4, outside the IBD, where the embodied energy is recovered through incineration, and delivered to the 

district	heating	system	(see	figure	5.5.1.	for	an	illustration	of 	the	waste	system)	(Gale	International	&	

KPF).	
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Case Study: Hammarby Sjöstad

Waste is one of  the synergetic effects between the three sections energy, waste and water and sewage 

in	the	Hammarby	Model,	see	figure	4.6.3.	(GlashustEtt	et	al.	2007).	

Pneumatic Waste Collection System

Waste management on building level is based on pneumatic waste collection technology for stationary 

automated	waste	disposal	systems,	see	conceptual	illustration	in	figure	5.5.4.	The	chutes	are	linked	by	

underground pipes so that the waste fractions can be transported by vacuum suction to the central 

collection station at Mårtensdal in Hammarby Sjöstad. The technology will decrease waste transportation 

and noise in the area. There are three fractions of  waste within this system. Combustible waste is 

transported to Högdalen combined heat and power plant where it is incinerated into heating and 

electricity. Food or organic waste is sorted in biodegradable bags made of  corn starch and is composed 

and	eventually	turned	into	soil	in	Sofielund,	outside	southern	Stockholm.	Newspapers	are	recycled	into	

new	paper	(GlashustEtt	et	al.	2007).	

Storage and Collection of Recyclables

Neighborhood recycle rooms handle the waste that cannot be managed in the building-based refuse 

chutes. Packaging materials are recycled into new packaging or into other products, and electrical and 

electronic	waste	is	recycled	or	disposed	of 	in	landfill	sites.	Bulky	waste	is	recycled	if 	metallic,	incinerated	

if 	combustible,	and	disposed	of 	in	landfill	sites	if 	non-combustible	(GlashustEtt	et	al.	2007).	

Figure 5.5.4.	Pneumatic	waste	collection	system	(Envac	2009).



1075. Case Study, Analysis and Comparison

Hazardous Waste

Paint and glue residues, nail polish, cleaning agents, batteries, chemicals and other waste that constitutes 

a danger to people and the environment is separated and handed in at the hazardous waste collection 

point in GlashusEtt, the district environmental information center. Hazardous waste is then incinerated 

or	recycled	(GlashustEtt	et	al.	2007).

Wastewater

Wastewater	is	treated	in	Henriksdal	wastewater	treatment	plant.	Currently,	wastewater	from	equivalent	600	

people in Hammarby Sjöstad is treated in the new research and development unit. Domestic wastewater 

is treated separately from stormwater and industries, minimizing the amount of  contaminants. When 

organic sludge is separated from the wastewater, biogas is produced as a byproduct which is used as 

vehicle	 fuel	 for	 inner	city	buses,	garbage	 trucks	and	 taxis.	The	purified	wastewater	 from	Henriksdal	

wastewater treatment plant is brought to Hammarby heat plant where it becomes fuel for the district 

heating	system	before	it	is	brought	back	to	the	sea	(GlashustEtt	et	al.	2007).	

Waste Reduction Target

Waste was targeted in the Environmental Program to reduce with at least 20 percent of  weight but it 

has	been	difficult	to	find	separate	statistics	for	Hammarby	Sjöstad	since	it	is	managed	with	other	parts	

of  Stockholm. The costs for collecting waste depend on number of  collections and the volume of  the 

waste	cisterns,	i.e.	costs	are	not	directly	depending	on	the	amount	of 	waste	residents	generate	(Pandis	

&	Brandt	2009).	
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Case Study Analysis and Comparison

Reducing Waste Amounts

“Waste management strategies must aim primarily to prevent the generation of  waste and to reduce its harmfulness.” 

(European	Commission	p.397).	Preventing	waste	generation	comes	down	to	the	processes	in	industries	

and	 the	choices	we	make	as	consumers	 (Ekvall	 et	 al.	2009).	 In	Songdo	IBD,	 the	waste	generator	 is	

charged, through the purchasing of  the bags, for the amount of  waste that is thrown. Such charging 

system differs from the waste collection system in Hammarby Sjöstad where the costs for collecting 

waste is not directly depending on the amount of  waste residents generate, i.e. there are no incentives 

to reduce the amount of  generated waste.

Waste Management 

Even though Songdo IBD and Hammarby Sjöstad are different in place and time, some system 

technologies are very similar or even the same. In both cases, a pneumatic waste collection system is the 

technology that manages waste. The technology provides clean, odor free, user friendly waste disposal 

that reduce transportation needs and noise levels but requires waste separation at source, which is why 

garbage	chutes	inside	or	near	the	residential	buildings	are	important	(Envac	2009).	Garbage	chutes	are	

placed adjacent to each building in both Songdo IBD and Hammarby Sjöstad. Recyclables are in both 

cases sorted in recycle rooms. In Songdo IBD, the LEED rating systems require all residential projects 

to provide recycle rooms, while Hammarby Sjöstad has recycle rooms within neighborhoods.

Synergies

Combustibles are in both cases incinerated and used as a source of  energy in the district heating system. 

In the waste hierarchy, using waste as a source of  energy is considered better than disposal, e.g. by 

incineration	or	in	landfill	sites,	and	recycling	is	considered	even	better	(European	Commission	2008).	

Also, synergies between wastewater and energy systems are achieved in both cases. The wastewater in 

Songdo IBD is treated and reused for non-potable activities or used in cooling tower operations, saving 

large amounts of  energy to completely purify the wastewater. In Hammarby Sjöstad, the wastewater 

becomes	fuel	for	the	district	heating	system	before	it	is	brought	back	to	the	sea.	Organic	sludge	is	in	

both cases used as energy source. 
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Theoretical 
Framework

Songdo IBD Hammarby 
Sjöstad

Similarities Differences

Sustainable 
Waste 
Management

Waste hierarchy: 
first	reduce,	then	
reuse, recycle or 
recover, or use as 
source of  energy; 
waste separation 
at its source; 
pneumatic waste 
collection system

Waste hierarchy: 
waste reduced by 
charging waste 
generator, recy-
clables recycled, 
combustibles 
used as energy 
source; pneu-
matic waste col-
lection system 
installed; waste-
water reused for 
non-potable ac-
tivities	(landscap-
ing)or	cooling	
towers; organic 
sludge used as 
energy source

Waste hierarchy: 
no waste reduc-
tion incentives; 
recyclables 
recycled; com-
bustibles used as 
energy source; 
pneumatic waste 
collection system 
installed; waste-
water and its 
organic sludge 
used as energy 
source

Waste hierar-
chy: recyclables 
recycled, com-
bustibles used as 
energy source; 
pneumatic waste 
collection system 
installed; organic 
sludge used as 
energy source

Songdo IBD 
reduces waste 
amounts by 
charging the 
waste generator 
while Hammarby 
Sjöstad has no 
waste reduc-
tion incentives; 
Songdo IBD 
reuses waste-
water for non-
potable activities 
or cooling towers 
while Ham-
marby Sjöstad 
uses wastewater 
sludge as energy 
source and brings 
the water back to 
the sea

Table 5.5.1. Summary of  sustainable waste management.

Theoretical framework, case study, analysis and comparison on sustainable waste management are 

summarized in table 5.5.1.
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Case Study: Songdo IBD

For water and sewage, there are no prerequisites in the LEED Rating System v2.2 but credits will be 

given	 for	water	efficiency	and	water	use	 reduction	 (USGBC	2005).	The	LEED	Rating	Systems	and	

ASHRAE Standards will be met through a number of  sustainable building and architecture features, 

among	them	are	stormwater	collection,	wastewater	systems,	and	installation	of 	low	flow	water	fixtures	

(Gale	International	&	KPF).	Office/commercial/retail	plumbing	fixtures	are	targeted	to	reduce	at	least	

40	percent	of 	potable	water	consumption	and	residential	plumbing	fixtures	are	targeted	to	reduce	at	

least	30	percent,	compared	to	an	ASHRAE	90.1-2004	Baseline	Building	(Gale	International	&	Gale	

International	Korea	2009).	Water	consumption	savings	based	on	design	is	presented	in	figure	5.6.1.

Stormwater

Rainwater is directed to rain gardens, bioswales, and wetlands in the Central Park from which some is 

released	back	to	the	sea	through	natural	gravity	flow	and	some	is	collected	in	stormwater	tanks.	It	is	then	

collected for large scale non-potable use such as irrigation or cooling tower, saving thousands of  tonnes 

of 	water	(Gale	International	&	KPF).	Large	scale	detention	basins	are	located	adjacent	to	the	coastline	

in	District	4,	5,	10	and	11,	see	figure	5.6.2.	(Incheon	Metropolitan	City	2009).

Figure 5.6.1. Total annual water consumption savings 
(Gale	International	&	KPF,	partly	own	graphics).

Figure 5.6.2. Stormwater conduit lines and detention 
basins	(Incheon	Metropolitan	City	2009).
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5.6. Sustainable Water and Sewage Systems
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Wastewater

The	water	 use	network	 is	 described	 in	figure	 5.6.3.	The	 effluent	 from	 showers,	 sinks,	 laundry,	 dish	

machines	and	other	greywater	sources	 is	filtered	and	treated	and	distributed	to	a	greywater	network	

for non-potable water activities or used for cooling tower operations together with the stormwater. 

Such	treated	greywater	is	used	for	toilet	flushing	and	urinals,	which	in	turn	is	collected	and	treated	as	

blackwater. The blackwater is collected and treated with a process based on biotechnology. The sludge 

from the blackwater treatment plant is delivered to a methane reactor, which will turn the sludge into an 

energy source. The treated blackwater is put through a secondary treatment in a blackwater treatment 

plant.	Micro	pore	filters,	UV	radiation	and	chlorination	turns	the	blackwater	into	water	with	a	quality	

good	enough	for	toilet	flushing,	road	cleaning,	and	irrigation	of 	urban	green	spaces.	This	system,	once	it	

is fully developed and used, is estimated to save 13,000 cubic meters per day of  freshwater consumption 

and	will	completely	eliminate	the	use	of 	potable	water	for	landscape	purposes	(Gale	International	&	

KPF).	

Figure 5.6.3.	Water	use	network	(Gale	International	&	KPF,	partly	own	graphics).
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Case Study: Hammarby Sjöstad

The	third	section	of 	the	integrated	Hammarby	model	is	water	and	sewage,	see	figure	4.6.3.	The	goal	of 	

being	‘twice	as	good’	is	reflected	in	the	water	consumption	targeted;	to	reduce	to	100	liters	per	person	

per	day,	 instead	of 	current	200	liters	used	in	Stockholm.	Only	by	installing	water	efficient	domestic	

appliances,	consumption	levels	were	150	liters	per	person	per	day	in	2007	(GlashustEtt	et	al.	2007).	

Stormwater

The synergies between landscaping and water management is described in the chapter 5.2. Roof  

runoff, rainwater and snowmelt are locally treated and integrated in the urban landscape. Contaminated 

stormwater from streets are, however, mostly treated in special closed settling tanks. The water stays 

in the tanks for several hours which allows contamination to settle before it runs out into the canals. 

In Mårtensdal, an open stormwater basin treats dirty stormwater with the same settling technique 

(GlashustEtt	et	al.	2007).	

Wastewater

Among the integrated Hammarby Model is the synergy between wastewater and energy. Wastewater 

is	treated	in	Henriksdal	wastewater	treatment	plant,	see	figure	5.6.3	and	5.6.4.	Currently,	wastewater	

from	equivalent	600	people	in	Hammarby	Sjöstad	is	treated	in	the	new	research	and	development	unit.	

Domestic wastewater is treated separately from stormwater and industries, minimizing the amount of  

contaminants.	Organic	sludge	is	separated	from	the	wastewater	in	the	wastewater	treatment	plant	and	

thereafter	digested	in	large	digestion	tanks	(GlashusEtt	et	al.	2007).	

Figure 5.6.4. Inside Henriksdal wastewater treatment 
plant. Photo: Micke Sandström.

Figure 5.6.3. Few parts of  Henriksdal wastewater 
treatment plant is visible above ground. 
Photo: Hayoung Kang.
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From the digestion process, biogas is produced as a byproduct which is used as vehicle fuel for inner 

city buses, garbage trucks and taxis. The main product from the process is the biosolid that can be 

used	as	fertilizer.	The	biosolids	are	sent	to	northern	Sweden	and	used	as	filling	material	in	closed-down	

mines.	The	purified	wastewater	from	Henriksdal	wastewater	treatment	plant	is	brought	to	Hammarby	

heat plant where it becomes fuel for the district heating system before it is brought back to the sea. 95 

percent of  the phosphorus is targeted to be separated and recycled for agricultural use and 50 percent 

of 	heavy	metals	and	other	hazardous	substances	are	to	be	reduced	(GlashustEtt	et	al.	2007).	
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Case Study Analysis and Comparison

Reducing Water Demands

Thomas	(2003d)	and	Otterpohl	et	al.	(1997)	suggest	that	the	starting	point	in	terms	of 	sustainability	

is	to	reduce	demand	of 	water.	Thomas	(2003d)	suggests	physical	measures	to	reduce	water	demand	

such	as	efficient	dishwashers	and	washing	machines,	WCs	with	low	water	volumes,	and	low	flow	taps	

and	showerheads.	According	to	Grisham	and	Fleming	(1989),	toilet	flushing	can	account	for	up	to	45	

percent of  indoor residential water demand. In Songdo IBD, where LEED Rating Systems are used, 

credits	are	given	for	water	efficiency	and	water	use	reduction.	The	projects	are	targeted	to	achieve	water	

use	 reduction	credits	by	water	efficient	plumbing	fixtures.	Whether	 the	reduction	of 	40	percent	 for	

office/commercial/retail	and	30	percent	for	residential	will	be	achieved	or	not,	is	yet	impossible	to	tell.	

However,	 in	Hammarby	Sjöstad,	only	by	 installing	water	efficient	domestic	appliances,	consumption	

levels	in	2007	were	25	percent	lower	than	in	other	areas	in	Stockholm	(although,	reduction	was	targeted	

to	50	percent).	Therefore,	40	percent	(office/commercial/retail)	or	30	percent	(residential)	reduction	in	

Songdo IBD could be both realistic and possible, indeed.

Reuse of Reclaimed Water - Synergies

There are numerous examples of  urban, industrial, agricultural, and environmental and recreational 

reuse of  reclaimed water that should be considered because reuse can save potable water demands 

(Camp	Dresser	&	McKee	Inc	2004).	Toilet	and	urinal	flushing	does	not	require	potable	water	and	there	

are	examples	where	reclaimed	water	has	been	used	for	toilet	flushing,	decreasing	potable	water	demands	

by	as	much	as	75	percent	(IRWD	2009).	A	big	difference	in	wastewater	management	is	that	Songdo	

IBD uses different systems for greywater and blackwater, and does not require potable water for toilet 

flushing	and	 irrigation	of 	urban	 landscapes.	 If 	blackwater	 is	 separated	 from	greywater,	 they	can	be	

treated	by	different	methods	and	gain	a	larger	scope	of 	use	(SWECO	2008).	For	example,	the	reclaimed	

greywater	in	Songdo	IBD	is	reused	for	cooling	tower	operations,	or	toilet	flushing	or	irrigation	before	

it is mixed with the blackwater. In Hammarby Sjöstad, on the other hand, blackwater and greywater 

are collected and treated in the same system, while potable water is used in all outlets, including toilet 

flushing.	The	scope	of 	use	is	still	wide	with	biogas,	biosolids	and	district	heating	as	byproducts	from	the	

treatment	process,	but	the	reclaimed	water	is	perhaps	not	used	as	efficiently	as	it	could	be.
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Stormwater in the Urban Landscape

In both cases, stormwater management is integrated in the landscape where natural gravity is allowed to 

release it back to the sea. Thus, stormwater can contribute to aesthetic qualities, provide fresh water and 

wildlife	habitat	in	the	areas	(SWECO	2008).	Dirty	stormwater	is	treated	in	tanks	and	thereafter	reused	

for non-potable water activities in Songdo IBD, and brought back to the sea in Hammarby Sjöstad. 

Theoretical framework, case study, analysis and comparison on sustainable sewage and water systems 

are	summarized	in	table	5.6.1.

Theoretical 
Framework

Songdo IBD Hammarby 
Sjöstad

Similarities Differences

Sustainable 
Water and 
Sewage 
Systems

Reduce 
demands/ 
consump-
tion through 
design; separate 
treatment of  
blackwater and 
greywater; reduce 
potable water 
consumption; 
local and open 
stormwater treat-
ment; reuse of  
reclaimed water

Demands/
consumption 
targeted to 
reduce through 
installation of  
energy and water 
efficient	appli-
ances; separate 
treatment of  
greywater and 
blackwater; grey-
water reused for 
non-potable ac-
tivities or cooling 
tower opera-
tions; blackwater 
reused for non-
potable activities; 
blackwater sludge 
used as source of  
energy; stormwa-
ter integrated in 
the urban land-
scape

Demands/
consumption 
reduced through 
installation of  
energy and water 
efficient	appli-
ances; greywater 
and blackwater 
treated in same 
system; biogas, 
biosolids as by-
products from 
wastewater treat-
ment; wastewater 
sludge used as 
source of  energy; 
stormwater in-
tegrated in the 
urban landscape

Demands/
consumption 
reduced through 
installation of  
energy and water 
efficient	appli-
ances; wastewater 
sludge used as 
source of  energy; 
stormwater in-
tegrated in the 
urban landscape

Songdo IBD 
treats blackwater 
and greywater 
separately and 
reuses waste-
water for non-
potable activities 
or cooling towers 
while Hammarby 
Sjöstad treats 
wastewater in the 
same system and 
brought back to 
the sea; Ham-
marby Sjöstad 
gets biogas, 
biosolids as by-
products from 
wastewater treat-
ment

Table 5.6.1. Summary of  sustainable water and sewage systems.
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Case Study: Songdo IBD

Leadership in Energy and Environmental Design, LEED®, for New Construction and 
for Core & Shell

LEED is applied in all blocks within Songdo IBD, with no exception12. All residential, commercial 

and	office	buildings	are	targeted	to	be	at	least	LEED	Certified,	using	LEED-NC	or	LEED-CS	Rating	

Systems13. That is, a number of  prerequisites outlined in the LEED Rating Systems must be met in order 

for	a	project	to	be	qualified.	The	U.S.	Green	Building	Council	has	chosen	ASHRAE	Standards14 for 

evaluating the performances of  buildings that utilize LEED Rating Systems, setting standards for the 

prerequisites. In terms of  energy performance, ASHRAE 90.1-2004 Mandatory Provisions requirements 

must	be	met.	For	example,	one	prerequisite	outlined	in	the	LEED	Rating	System	is	‘EAp2:	Minimum	

Energy Performance’, requiring a minimum or exceeding performance standard outlined in ASHRAE 

90.1-2004	(Gale	International	&	Gale	International	Korea	2009).

According	to	Gale	International	and	KPF,	LEED	certified	buildings	are	30	percent	more	energy	efficient	

than non-LEED buildings. In terms of  energy costs, all projects in Songdo IBD using LEED-NC 

v2.2 and LEED-CS v.2.0 Rating Systems, are required a minimum energy performance of  14 percent 

better than an ASHRAE 90.1-2004 Baseline Building. At least 80 percent of  construction waste will be 

recycled,	i.e.	kept	from	landfill	or	incineration	(Gale	International	&	Gale	International	Korea	2009).	

High Performance Buildings

LEED Rating Systems and ASHRAE Standards set out numerous amounts of  requirements that ensure 

that the projects within Songdo IBD will be validated for its green features in terms of  energy savings, 

water	 efficiency,	 carbon	 dioxide	 emission	 reduction,	 improved	 quality	 of 	 indoor	 environment,	 and	

administration	of 	resources	and	their	impacts	(USGBC	2010).	Some	of 	the	sustainable	building	and	

architecture	 features	 that	have	been	designed	 to	 reach	 the	 targets	 and	 standards	 are:	 super	 efficient	

physical plants, high performance glazing with super insulating walls, sensible building orientation and 

landscape,	 green	 roof 	 and	high	albedo	 (reflectivity)	 roofing,	natural	 air	 circulation	 through	adjacent	

12 Interview with Cheon Il Park, Senior Manager, Project Management, Gale International Korea. 2010-03-25.
13 Interview with Cheon Il Park, Senior Manager, Project Management, Gale International Korea. 2010-03-12. 
14	The	American	Society	of 	Heating,	Refrigerating	and	Air-Conditioning	Engineers	(ASHRAE)	Standards	are	internationally	
recognized	 for	 evaluating	 energy	 performance	 (ASHRAE	 90.1),	 ventilation	 air	 (ASHRAE	 62.1),	 and	 thermal	 comfort	
(ASHRAE	55)	of 	residential,	commercial,	and	office	buildings.	In	Songdo	IBD	the	2004	version	is	used	(Gale	International	
&	Gale	International	Korea	2009).

5.7. Sustainable Building and Architecture
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areas, daylight harvesting with light level sensors and movement detectors, stormwater collection and 

greywater	system,	and	low	flow	water	fixtures	(Gale	International	&	KPF).	In	addition,	some	buildings	

also	have	photovoltaics	 installed,	high	performance	HVAC	filters	 that	 are	expected	 to	 lower	energy	

costs	by	over	 20	percent,	 and	 regenerative	 elevators	 that	 are	 75	percent	more	 energy	 efficient	 than	

standard	elevators	(Gale	International	&	POSCO	E&C).	Vegetated	green	roofs	are	targeted	50	percent	

of  the total non-mechanical, electrical or plumbing roof  area for residential projects, and 50 percent for 

office/commercial	buildings	(Gale	International	&	Gale	International	Korea	2009).
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Case Study: Hammarby Sjöstad

The	residential	floor	area	ratio	(FAR)	in	Hammarby	Sjöstad	is	2.6-3.0	when	public	space	is	excluded,	and	

1.17	within	the	whole	development	(Cederquist	2009).	Much	of 	the	block	structure,	building	design,	

and building orientation had already been planned when the environmental program was submitted in 

1991. The design goal of  Hammarby Sjöstad was to create a dense urban environment with high FARs 

and with low noise levels. Modern buildings with spacious apartments and sea view were some of  the 

features	the	developers	adhered	to,	which	resulted	in	flat	roofs,	generous	apartment	spaces,	and	large	

windows	towards	the	water	(Pandis	&	Brandt	2009).	

Lower Environmental Impact

Grontmij	(2008)	assessed	an	environmental	stress	profile	over	the	areas	Sickla	Udde,	Sickla	Kaj,	Lugnet	

and	Proppen	in	Hammarby	Sjöstad,	where	the	first	residents	moved	in	in	2000	(Inghe-Hedström	2002).	

The assessment showed that the buildings in those areas had less environmental burden than what 

could	be	expected	from	the	buildings	built	in	the	beginning	of 	the	1990’s	(i.e.	reference	levels),	which	

was	when	the	planning	of 	Hammarby	Sjöstad	started,	see	figure	5.7.2.	The	environmental	burden	from	

the	buildings	on	air,	land	and	water	had	improved	40-46	percent	compared	to	the	reference	levels,	and	

the	outlet	of 	non-renewable	energy	sources	had	decreased	30-47	percent	for	the	buildings	within	the	

studied areas. 

Figure 5.7.2. Environmental impact per apartment and year for the buildings during production, utilization and disposal. 
Reference	values	are	on	the	left	of 	each	diagram	(Grontmij	2008).
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Pandis	and	Brandt	(2009)	concluded	in	a	report	that	it	was	the	built-in	system	solutions	that	would	lower	

Hammarby	Sjöstad’s	environmental	impact,	without	compromising	the	residents’	comfort.	75	percent	

of  all environmental targets were built in within the buildings, minimizing the options for residents to 

live environmentally unfriendly (Freudenthal	2010).	Creating	a	good	indoor	environmental	quality	and	

attractive surroundings for the residents were central tasks when planning the district. However, the 

report	also	showed	that	the	potential	of 	the	residents’	positive	impacts	on	fulfilling	the	environmental	

goals were underestimated, for example by eliminating economic incentives and regulations for waste 

amounts. In addition, the report showed that the well proven systems such as district heating, pneumatic 

waste	 collection	 system,	 and	 sewage	 heat	 recovery,	 were	 central	 for	 the	 environmental	 profile	 of 	

Hammarby Sjöstad, not the cutting-edge technology. The advantage of  cutting-edge technology has 

been	difficult	to	understand	due	to	absence	of 	an	organized	follow-up.

Energy and Water Saving Measures

According	to	Grontmij	(2008),	the	positive	figures	presented	in	the	assessment	were	possible	because	the	

constructors made extra investments for energy saving measures including: additional thermal insulation, 

energy	 efficient	 windows	 (lower	 U-values),	 demand	 controlled	 ventilation,	 individual	measuring	 of 	

heating	 and	 hot	water	 in	 apartments,	 energy	 efficient	 installations	 and	 appliances	 (all	 appliances	 in	

the	apartments	were	contracted	to	a	minimum	level	of 	energy	efficiency	class	A	(Freudenthal	2010)),	

lighting	control,	solar	collectors,	photovoltaics,	and	fuel	cells.	In	addition,	low	flushing	toilets	and	fixtures	

that	reduce	water	flow	were	installed.	All	water	saving	efforts	has	now	reduced	water	consumption	in	

Hammarby Sjöstad to 150 liters per person and day, compared to 200 liters per person and day in 

Stockholm (Freudenthal	2010).	Some	of 	the	buildings	in	Hammarby	Sjöstad	have	green	roofs,	which	

is	a	part	of 	the	local	stormwater	treatment	chain	(GlashustEtt	et	al.	2007).	Clear	advantages	of 	green	

roofs have been seen in, inter alia, stormwater retention, carbon dioxide taken up by plants and oxygen 

production,	and	wildlife	habitat	(Thomas	2003a).
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Case Study Analysis and Comparison

Energy and Water Saving Measures

Low	flow	water	fixtures,	lighting	control,	green	roofs,	energy	efficient	windows,	good	thermal	insulation,	

efficient	HVAC	 installations	 etc.	 are	 some	 of 	 the	 features	 that	 both	 Songdo	 IBD	 and	Hammarby	

Sjöstad	have	considered	in	building	design.	As	Thomas	(2003a)	stress,	greatest	savings	in	energy	and	

water demands are made during the operating phase and will reduce costs for tenants. Such advantages 

derived from installations in the buildings in Hammarby Sjöstad have already been reported. Songdo 

IBD, on the other hand, has recently started construction works and results are so far impossible to 

tell. However, the developers of  Songdo IBD are working with the ambitious target that all projects 

within	the	area	will	be	LEED	Certified.	This	should	give	a	certain	security	that	the	overall	results	from	

buildings will be positive in terms of  energy and water reductions and costs savings. 

Referring	 to	 Thomas	 (2003),	 thermal	 energy	 demands	 depends	 highly	 on	 orientation,	 form,	 and	

insulation of  the buildings. Large glazing areas provide natural light and save electrical lightning but 

may lower the air tightness and cause overheating due to passive solar gain. In Hammarby Sjöstad, much 

of  the block structure, building design, and building orientation had already been planned before the 

environmental program entered the project, creating no or little opportunities to affect those features 

due to environmental issues. However, large windows that let much of  the sun penetrate the apartments, 

glazing with low U-value and thermal insulation are installed in Hammarby Sjöstad. In Songdo IBD, 

glazing with low U-value and good thermal insulation are part of  the high performance building concept 

that will generate more credits in the LEED Rating System.

New Technology

Cutting-edge technology is installed in some selected projects in both Songdo IBD and Hammarby 

Sjöstad.	 In	Hammarby	 Sjöstad	 it	was	 shown	 that	 such	 installations	were	 difficult	 to	 follow	 up	 and	

that	they	were	not	fundamental	for	the	environmental	profile.	However,	the	collective	effects	of 	such	

technology can have importance in the marketing of  the district and on introduction basis for the 

general public.
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Theoretical 
Framework

Songdo IBD Hammarby 
Sjöstad

Similarities Differences

Sustainable 
Building and 
Architecture

Reduce energy 
and water 
demands; direct 
and passive solar 
energy; green 
roofs; LEED

Energy and water 
demands tar-
geted to reduce 
through instal-
lation of  energy 
and	water	effi-
cient appliances; 
low U-value 
glazing and 
good thermal 
insulation; pho-
tovoltaics used 
in small scale; 
green roofs; 
LEED-NC and 
LEED-CS

Energy and water 
demands reduced 
through instal-
lation of  energy 
and	water	effi-
cient appliances; 
low U-value 
glazing and good 
thermal insula-
tion; solar collec-
tors and photo-
voltaics applied 
in small scale; 
green roofs 

Reduction of  
energy and 
water demands 
through instal-
lation of  energy 
and	water	effi-
cient appliances; 
low U-value 
glazing and good 
thermal insula-
tion; direct solar 
energy used in 
small scale; green 
roofs 

Songdo IBD 
uses third-party 
LEED-NC and 
LEED-CS while 
Hammarby 
Sjöstad uses its 
own Environ-
mental Program 
and the targets 
set out in it

Table 5.7.1. Summary of  sustainable building and architecture.

Theoretical framework, case study, analysis and comparison on sustainable building and architecture are 

summarized	in	table	5.7.1.
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Case Study: Songdo IBD

Integrated Planning

Implementation of  the LEED process has not only been fruitful for the physical environment, but it 

has also been a driving force for large-scale integrated design and an integrated project organization. 

The integrated project organization was also important for carrying out an interconnected and resource-

efficient	city.	The	international	involvement	of 	architects,	engineers,	consultant	and	developers resulted 

in exchanges in knowledge and experience, and also required a high level of  project coordination, 

communication,	and	collaboration	(Gale	International	&	KPF).	

Citizen Involvement

Opportunities	for	future	residents	to	participate	in	the	planning	process	have	not	taken	place.	However,	

tenants have been invited to visit the site and follow the construction. Tenants have had chances to 

upgrade some of  their indoors equipment, which the developers call “Trend-up”, referring to the 

changes in interior fashion during the time span from construction start to the day of  actually moving 

in15.

15 Interview with Cheon Il Park, Senior Manager, Project Management, Gale International Korea. 2010-03-25.

5.8. Sustainable Urban Planning Process
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Case Study: Hammarby Sjöstad

Citizen Involvement

In	a	dissertation	thesis	by	Green	(2006),	interviews	with	residents	revealed	that	the	residents,	who	had	

bought	the	apartments	long	before	they	were	finished,	were	not	invited	to	participate	in	the	planning	

process. Further, the residents were informed in a later phase through brochures, handbooks, exhibitions, 

and human informants, but all of  the above were established for a one-way communication, not for 

creating dialogues and catching ideas with the residents. 

According	 to	Green	 (2006),	 citizen	participation	was	difficult	 to	establish	because	 the	planning	was	

expert-oriented and went under great time pressure. Also, according to the evaluation report by Pandis 

and	Brandt	(2009),	citizens	were	not	invited	to	participate	because	firstly,	there	were	no	residents	in	the	

area in the initial phase, and secondly, there had been assumptions that seniors from the suburbs would 

live in Hammarby Sjöstad but this had turned out to be wrong. Instead, mostly families with children 

have moved in. In addition, the idea was to reach the environmental goals with the in-built technical 

system solutions and therefore, the residents would not need to participate in the planning process. 

Pandis	and	Brandt	(2009)	and	Green	(2006)	also	stress	that	the	residents	are	unaware	of 	the	environmental	

benefits	and	efforts	in	the	district.	It	was	not	promoted	by	the	developers,	and	the	residents	were	not	

required	any	environment-related	knowledge	or	behavior	(Green	2006),	even	though	they	have	impacts	

on	energy	and	water	consumption	as	well	as	demands	on	parking	spaces	(Pandis	&	Brandt	2009).	

Integrated Planning

Even though citizens were not involved, the planning process of  Hammarby Sjöstad has been focused 

on integrated planning, both as an organization and on the technical system solutions. A partnership 

with administrations, authorities, architects, developers and other experts worked under a collaborative 

project organization that focused on the goals of  the environmental program for Hammarby Sjöstad. 

The Hammarby Model is a direct result of  this joint project organization and the environmental program 

(Pandis	&	Brandt	2009).	
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Case Study Analysis and Comparison

Integrated Planning

According	to	Thomas	(2003c),	sustainable	urban	planning	starts	with	a	holistic	and	integrated	approach.	

In Songdo IBD and Hammarby Sjöstad, this approach seems to have been a most important cornerstone, 

where interconnected technical and environmental solutions were possible due to the collaborative 

project organization. In Hammarby Sjöstad, the result is called the Hammarby Model. 

Citizen Involvement

In neither case were tenants invited to participate in the planning process due to different reasons. In 

Songdo IBD and Hammarby Sjöstad, where new technical solutions were introduced, the environmental 

targets are obviously affected by how much energy and water the tenants use, how well they sort waste 

and recycle, and how well they adapt to a more sustainable living. Citizens that are invited to participate 

in the planning process are more likely to adapt to changes because they have been educated throughout 

the	planning	process	and	 they	may	be	able	 to	work	 for	 the	public	good	 (Day	1997).	 In	both	cases,	

resident’s ability to adapt to changes is crucial and involving and educating them might have been 

advantageous. The reasons to neglect citizen involvement must, however, be understood because the 

advantages may be less than the time, cost and efforts spent on involving citizens. 

Theoretical framework, case study, analysis and comparison on sustainable urban planning process are 

summarized in table 5.8.1.

Theoretical 
Framework

Songdo IBD Hammarby 
Sjöstad

Similarities Differences

Sustainable 
Urban 
Planning 
Process

Holistic and inte-
grated approach; 
citizen involve-
ment

International 
project organiza-
tion with archi-
tects, engineers, 
consultant, de-
velopers, LEED-
experts etc; no 
opportunities for 
citizen involve-
ment in the plan-
ning process; 

Collaboration of  
city administra-
tions, authorities, 
architects, devel-
opers etc.; Ham-
marby Model as 
result of  holistic 
and integrated 
approach; no 
opportunities for 
citizen involve-
ment in the plan-
ning process

Holistic and inte-
grated approach 
in the planning 
organization; no 
opportunities for 
citizen involve-
ment in the plan-
ning process; 

Hammarby 
Sjöstad devel-
oped the Ham-
marby Model 
as result of  a 
holistic and inte-
grated approach, 
Songdo IBD 
does not have a 
site	specific	eco	
cycle model 

Table 5.8.1. Summary of  sustainable urban planning process.
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The results from the case study analysis and comparison are presented, followed by a discussion and 

recommendations on further studies.



1276.	Results,	Discussion	and	Further	Studies

The purpose of  this thesis is to study and compare sustainable urban development practices in 

Songdo IBD and in Hammarby Sjöstad and how they interrelate with the theories of  sustainable urban 

development.

This thesis answers the following questions:

What are the similarities between Songdo IBD and Hammarby Sjöstad?•	

What are the differences between Songdo IBD and Hammarby Sjöstad?•	

In what terms are they moving towards sustainable urban development?•	

From the theoretical framework and the case study, it follows that Songdo IBD and Hammarby Sjöstad 

do	 emphasize	 sustainable	 urban	 development	 within	 the	 fields	 of 	 the	 urban	 planning	 process	 and	

the	 following	urban	subsystems:	urban	patterns,	 landscape	design,	 traffic	and	 transportation,	energy	

systems, waste management, water and sewage management, and building and architecture. Synergetic 

effects are achieved between several subsystems by implementing both well proven techniques and new 

cutting-edge	technology.	Neither	case	is	strictly	sustainable	according	to	the	definition	of 	sustainable	

development,	defined	as	meeting	“the needs of  the present without compromising the ability of  future generations 

to meet their own needs”	 (WCED	 1987	 p.	 24)	 but	 the	 case	 study	 analysis	 show	 that	 the	 systems	 and	

technologies as well as the design of  the cities interrelate with what theories refer to as sustainable urban 

development. It follows that Songdo IBD and Hammarby Sjöstad have achieved synergies between the 

urban subsystems energy and waste systems, water and energy systems, waste and water systems, energy, 

waste	and	water	and	landscape	planning,	traffic	and	transportation	and	land	use	planning,	and	energy,	

waste and water and building and architecture. 

The results also show that it is possible to compare cities in terms of  their urban subsystems and that 

even though the studied cities are planned and built in different time periods and on different places, 

they	 still	have	much	 in	 common.	A	precondition	 is	 their	profiles	 as	 sustainable	urban	development	

projects with a strong emphasis on the environmental aspect. A general discussion on the results and 

on	this	thesis	is	found	in	chapter	6.

6.1. Results
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The biggest similarities between Songdo IBD and Hammarby Sjöstad are the following:

Songdo IBD and Hammarby Sjöstad have concentrated urban functions along a main avenue,•	

Songdo IBD and Hammarby Sjöstad are surrounded by seawater,•	

Songdo IBD and Hammarby Sjöstad have integrated transit stations with main urban functions,•	

Songdo IBD and Hammarby Sjöstad practice TDM including parking management and car •	

pooling,

Songdo IBD and Hammarby Sjöstad use mainly district heating from waste incineration, •	

Songdo IBD and Hammarby Sjöstad apply cutting-edge solar technology in small scale,•	

Songdo IBD and Hammarby Sjöstad have installed pneumatic waste collection system to manage •	

domestic waste,

Songdo IBD and Hammarby Sjöstad use sludge from wastewater as an energy source,•	

Songdo IBD and Hammarby Sjöstad reduce energy and water demands through installation •	

of 	energy	and	water	efficient	appliances	in	buildings,	low	U-value	glazing,	and	good	thermal	

insulation, and

Songdo IBD and Hammarby Sjöstad have had a holistic and integrated approach in the urban •	

planning process, although neither case has involved future residents.

The biggest differences between Songdo IBD and Hammarby Sjöstad are the following: 

the scale of  the districts, where Songdo IBD is much larger than Hammarby Sjöstad and •	

therefore also comprise urban functions and community services on different urban levels,

the context of  the districts, where Songdo IBD is a part of  a completely new arising satellite city •	

and	Hammarby	Sjöstad	is	an	infill	project	in	a	capital	that	already	exist,

the current phases of  the districts, where Songdo IBD is not yet as fully built as Hammarby •	
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Sjöstad and therefore has not been evaluated and assessed on its sustainability parameters,

the scale of  the transportation systems, where Songdo IBD comprise of  both regional and local •	

transportation and Hammarby Sjöstad is focused on local transportation and transportation to 

Stockholm’s inner city,

the water systems, where Songdo IBD treat blackwater and greywater separately while •	

Hammarby Sjöstad treat wastewater in the same system, and

the method of  assessing the validation of  a project’s green features, were Songdo IBD use •	

the third-party LEED Green Building Rating System while Hammarby Sjöstad use their own 

Environmental Program and the targets formulated in it.

The sustainable urban development practices and the synergetic effects in Songdo IBD and Hammarby 

Sjöstad	are	concluded	in	table	6.1.1.	A	summary	of 	the	theoretical	framework	and	case	study	findings	

and comparison of  Songdo IBD and Hammarby Sjöstad is presented in appendix E.



130 6.	Results,	Discussion	and	Further	Studies

Theoretical 
Framework

Songdo IBD Hammarby 
Sjöstad

Similarities Differences

Sustainable 
Urban 
Development

Toward sustain-
able develop-
ment; strength-
ening of  six 
capitals; New Ur-
banism; LEED; 
BREEAM

Measures applied 
on urban subsys-
tems to improve 
public health and 
well-being, to 
lower environ-
mental impact, to 
increase recycling 
materials and to 
use energy with 
growing	efficien-
cy; six capitals 
strengthened; 
concepts of  
New Urbanism 
applied; LEED 
Rating System

Measures applied 
on urban subsys-
tems to improve 
public health and 
well-being, to 
lower environ-
mental impact, to 
increase recycling 
materials and to 
use energy with 
growing	efficien-
cy; six capitals 
strengthened; 
concepts of  
New Urbanism 
applied

Measures applied 
on urban subsys-
tems to improve 
public health and 
well-being, to 
lower environ-
mental impact, to 
increase recycling 
materials and to 
use energy with 
growing	efficien-
cy; six capitals 
strengthened; 
concepts of  
New Urbanism 
applied

Songdo IBD 
uses third-party 
LEED Rating 
Systems while 
Hammarby 
Sjöstad uses their 
own Environ-
mental Program 
and the targets 
set out in it

Synergies 
between 
Different 
Urban 
Subsystems

For example: 
integrated energy, 
waste and water 
systems and land 
use planning; 
integrated	traffic	
and transporta-
tion and land use 
planning; inte-
grated building 
and architecture 
and landscape 
planning

Synergetic effects 
achieved between 
energy, waste and 
water systems; 
energy, waste and 
water systems 
and land use 
planning; water 
and landscape 
planning;	traffic	
and transporta-
tion and land 
use planning; 
energy, waste and 
water systems 
and building and 
architecture

Synergetic effects 
achieved between 
energy, waste and 
water systems; 
energy, waste and 
water systems 
and land use 
planning; water 
and landscape 
planning;	traffic	
and transporta-
tion and land 
use planning; 
energy, waste and 
water systems 
and building and 
architecture

Synergetic effects 
achieved between 
energy, waste and 
water systems; 
energy, waste and 
water systems 
and land use 
planning; water 
and landscape 
planning;	traffic	
and transporta-
tion and land 
use planning; 
energy, waste and 
water systems 
and building and 
architecture

Table 6.1.1. Conclusion of  sustainable urban development practices and synergies.
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6.2. Discussion

Similarities and Differences

Given that Hammarby Sjöstad was planned and constructed almost one decade before Songdo IBD, 

it is surprising that almost all systems, technologies and planning principles in Hammarby Sjöstad are 

similar to those in Songdo IBD. That is, the systems and technologies that were used in Hammarby 

Sjöstad over a decade ago are still considered as enhancing sustainable urban development because it 

is also used in Songdo IBD that have the same environmental focus. Perhaps it shows that the systems 

and technologies that were used in Hammarby Sjöstad actually are more sustainable than other systems 

and technologies that are used in other cities. For example, pneumatic waste collection system is applied 

in both cases and that could indicate a certain level of  sustainability since it is used in two independent 

cases	with	sustainable	urban	development	profiles.	However,	 it	cannot	be	said	 that	 the	systems	and	

technologies that are applied in Songdo IBD and Hammarby Sjöstad are the only solutions available on 

the	market,	even	though	they	were	used	in	the	both	cases.	This	is	illustrated	by	the	opposite	findings,	

i.e. the differences between Songdo IBD and Hammarby Sjöstad. For example, Songdo IBD uses separate 

treatment of  greywater and blackwater, which shows alternative sewage systems with a wider scope of  

reuse to Hammarby Sjöstad. Also, Songdo IBD does not require potable water in every outlet, which is 

obviously more energy and water saving and thus more sustainable. This difference shows that systems 

are constantly developing and that the water systems and humanity do not require potable water in all 

outlets to be able to preserve a high quality and sanitary lifestyle. 

Alternative system solutions should be studied in order to gain a wider understanding on systems 

and technologies on the market that enhance sustainable urban development. It is also important 

to understand the forces behind the selection of  the chosen systems. Why is separate treatment of  

wastewater applied in Songdo IBD but not in Hammarby Sjöstad? Why is pneumatic waste collection 

system chosen in both cases? Is waste incineration for energy source the only option to take care of  all 

waste that is produced in cities? The driving forces may be political, economical, social, technological, 

practical, and others and it is important to understand why a certain system is implemented in one city 

but not in the other, and why the same system is used in both cities. 

Comparing Cities
Songdo IBD and Hammarby Sjöstad are very different cities in terms of  size, scale, density, purpose, 
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national context, regional context, culture, history, geography, climate etc. Criticism can be aimed towards 

the carrying out this comparison because of  the complex differences. It is impossible to ignore the 

cities’ contexts, and sometimes differences between Songdo IBD and Hammarby Sjöstad can be simply 

explained by the difference in scale, size or purpose of  the city. However, systems and technologies are 

available on the global market, which means that they should be both realistic and applicable in any 

developed country, and they have the common goal to support sustainable urban development. This 

thesis has shown that it is possible to compare cities, or at least the urban subsystems and functions 

in cities, if  they are developed with a common goal because urban subsystems and functions are not 

strictly dependent on their national and regional context. This is proven by all similarities between 

Songdo IBD and Hammarby Sjöstad that was found, despite their different contexts. 

Nonetheless, Songdo IBD is still undergoing a planning phase and is currently not as fully built as 

Hammarby	Sjöstad.	Therefore,	as	expected,	there	were	some	difficulties	in	finding	evaluations,	reports	

and assessments on Songdo IBD, that were available on Hammarby Sjöstad. Because this thesis is based 

on	currently	available	information	sources,	the	depth	of 	the	thesis	became	limited.	Once	Songdo	IBD	

is completed, the district should be evaluated and assessed on its sustainability achievements. Also, 

the	long	term	national	(economical)	effects	should	be	evaluated	because	one	of 	the	purposes	to	build	

Songdo IBD was to become a national anchor point for business and trade. 

Changing Our Behavior
Reducing	demands	is	mentioned	several	times	as	a	first	step	towards	sustainable	urban	development.	

If  there were no demands, unsustainable use of  our planet would not exist. However, as more people 

modernize and move in to cities, demands raise as consumptions raises. Thus, the problem lies in our 

behavior as consumers and the high living standards we expect as rights in the developed country. 

Hammarby Sjöstad has shown that it is possible to move towards sustainable urban development 

without cutting down on our living standards, and Songdo IBD is expected have the same outcome. 

By building for sustainable living, amounts of  energy and water can be saved. However, it is still not 

completely sustainable because even though environmental impact has reduced, the sites are still emitting 

greenhouse gases, using fossil fuels, producing waste etc. To further improve sustainability, incentives 

should be introduced in both cases. In Songdo IBD, there are incentives to reduce waste amounts 
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through the costs of  the waste disposal bags while there are no such incentives in Hammarby Sjöstad. 

Parking	management	with	priorities	to	shared	vehicles	and	fuel	efficient	vehicles	are	applied	in	both	

cases but is not enough. It must become much more economic advantageous and attractive to travel by 

public transportation or walking and cycling than taking the car if  we are to leave the car at home. 

All behavior that work against sustainability such as producing waste, using energy, consuming water, 

travelling by car etc. must become much more costly for the individual who causes it. Examples are 

individual measurement of  energy and water consumption in every apartment, paying for waste disposal 

bags	(as	in	Songdo	IBD),	and	TDM	measures	for	transportation.	Oppositely,	all	behavior	that	enhances 

sustainable development such as reusing material, travelling by public transportation, walking or cycling, 

using	less	energy	and	water,	efficient	use	of 	resources	etc.	should	be	rewarded.	

Incentives and introduction of  new unfamiliar sustainability technology may only be applied on a larger 

scale if  the citizens, who are the users, fully understand why such is needed, what good it does and how 

to use it. As found out in chapter 3.11., sustainable urban planning process include citizen participation 

because citizens are more likely to adapt to changes if  they have been educated throughout the planning 

process, and they may be able to work for the public good. That is, by excluding future citizens 

throughout the planning process in Songdo IBD and Hammarby Sjöstad, the possibility to change their 

behavior towards a more sustainable lifestyle was perhaps also neglected or at least obstructed. Built-in 

sustainability as in Songdo IBD and Hammarby Sjöstad may be a more sustainable way of  developing 

cities, but cities are dwelled by people and if  we are to stay on a durable planet, people must change 

behavior towards a much more sustainable and less resource demanding lifestyle. 

Other Aspects on Sustainability
As mentioned in the introduction, there are several aspects on sustainable development. This thesis 

focuses on the environmental aspect because it is what the cities Songdo IBD and Hammarby Sjöstad 

have focused on. However, as discussed above, there are other aspects on a city such as culture, 

history, social structure, economical conditions etc. In terms of  sustainable development, a common 

misconception is that sustainable only include environmental. From one point of  view, it can be explained 

that sustainable urban development has a strong emphasis on the environmental aspect because through 

the built structure and the subsystems, economical and social sustainability can be achieved. It is of  
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course not enough if  we are to create societies where economics of  scale and social mechanisms 

are to function in a sustainable manner, and therefore further research may include studies on social 

and economical sustainability and how the mechanisms can functions in a modern city consisting of  

environmentally sustainability. 

Selection of Literature
This thesis is mainly based on literature reviews. The selection of  literature for the theoretical framework 

was based on a trust on the Master of  Science Program in Architectural Engineering at Luleå University 

of  Technology where the literature has been presented. Criticism can be aimed towards the selection 

of  literature because it is not proven that the literature used throughout the education is appropriate. 

However,	since	a	Master’s	Thesis	is	aimed	to	conclude	and	summarize	a	five-year	long	education	that	

will form a basis for a student’s future career and personal development, the thesis should also make use 

of  what has been taught during the education and apply it to practices. This corresponds to what this 

thesis has done and it can therefore justify the selection of  literature. In addition, the chosen literature 

was written independently without the knowledge of  being used for this thesis, and is thus not biased 

by the authors to the literature nor by the author of  this thesis. 

The literature for the case studies on the other hand, can be criticized for being biased and subjective 

because they were handed by the project organizations. It can be assumed that the project organizations 

want	to	emphasize	all	beneficial	features	of 	the	projects	and	maybe	not	give	any	information	that	may	

be disadvantageous for them or their projects. In Hammarby Sjöstad this is partly prevented since 

evaluations and assessments have been carried out, but their validity can of  course also be questioned 

since some of  the reports were directed by the project organization itself. In Songdo IBD, both 

published and unpublished material has been assumed to be both sophisticated and reliable because it 

was provided by the project organization itself, but this can of  course not exclude bias. However, no 

other reliable literature is available in both cases, and if  there are such, they always refer back to the same 

material that has been provided by the project organizations. Therefore, the author had no choice but 

relying on the provided material but it should be kept in mind that the information given can be biased. 

In order to avoid this, studies should be carried out based on primary data.
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Site Selection

There are immense amounts of  similar projects around the world and if  comparing other sites, other 

results will probably be seen. Also, if  this thesis would have comprised of  more projects, for example 

three or four cities, the results may have been different as well as the discussion on sustainable urban 

development. The sites that were selected for this thesis were Songdo IBD and Hammarby Sjöstad, 

and the reason to this was explained in the introduction, but is shortly due to the author’s personal 

reasons. The author has made attempts to stay objective to the cases, which has been supported by 

the fact that the author is equally attached to both countries and is a part of  both cultures and masters 

both languages. The objectiveness can of  course not be guaranteed because the author may be biased 

in emphasizing the advantageous features of  both cities and has personal relations to both cities and 

countries, but since the author is well aware of  this biasing effect, the author has been able to try to 

actively avoid it. 

Upgrade Sustainability
If  Songdo IBD and Hammarby Sjöstad were to be planned today, what would have been done 

differently?	Only	speculations	can	answer	this	question.	Perhaps	even	more	high-technology	features	

would have been introduced such as monorails and driverless cars, and solar cells and photovoltaics. 

Perhaps more incentives to a more sustainable lifestyle would have been applied in the cities. Perhaps 

the densities would have been different and the urban functions would have been differently located. 

Perhaps the sustainability measures would have been bolder by totally prohibiting fossil fuel vehicles 

or	by	only	carrying	out	LEED	Platinum	(or	equivalent)	projects	as	minimum	requirement.	In	order	to	

understand why such has not been implemented in the studied cities, it is important to understand the 

driving forces behind the decisions that were taken in both cases, as discussed before. Also, the time 

aspect is important to understand because some technologies may simply not have been available at the 

time of  planning. 

Even though there is still much left to do if  we are to move towards sustainability, Songdo IBD and 

Hammarby Sjöstad are showcases for sustainable urban development and models for how human 

economy	can	be	supported	without	disabling	our	species	to	endure	on	a	finite	planet.	
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The recommendations on further studies are aimed both towards project organizations of  Songdo IBD 

and Hammarby Sjöstad, as well as for students and researchers who are interested in carrying on the 

wide spectrum of  sustainable urban development.

Based on the discussion above, the recommendations on further studies are:

to study alternative system solutions and the forces behind the selection of  the chosen systems •	

in Songdo IBD and Hammarby Sjöstad,

to evaluate and assess Songdo IBD on its sustainability achievements and the long term national •	

effects, 

to carry out studies in Songdo IBD and Hammarby Sjöstad on incentives that could make people •	

change their behavior towards a more sustainable lifestyle, 

to study other aspects of  sustainability in Songdo IBD and Hammarby Sjöstad, and•	

to	study	other	cities	with	similar	profiles	in	order	to	learn	what	else	can	be	done	to	enhance	•	

sustainable urban development.

6.3. Recommendations on Further Studies
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Interviews

Interviews are referred to with footnotes. Extractions from interviews that have been used in this thesis 

as data source are presented in this appendix instead of  in the reference list.

E-mail Correspondence

Cheon Il Park, Senior Manager, Project Management, Gale International Korea 2010-03-25:

“…LEED	is	applied	to	all	block,	no	exception.	But	we	don’t	have	yet	a	block	certified	by	USGBC	after	

completion, means documents are under evaluation.”

“There are several chances for tenants to come to actual site in order to see what’s going on. Especially, 

tenants have a chance to improve some equipment, we call it “Trend-up”, because it usually takes about 3 

years to complete a residential apartment so when tenants move in it may be old-fashioned, therefore we 

give	an	opportunity	but	it’s	not	applied	to	flooring	and	wall	paper.”

Malin	Olsson,	City	Planning	Administration,	City	of 	Stockholm	2010-01-20	(own	translation):

“Density	varies	within	the	area.	It	is	higher	around	Hammarby	Allé	and	a	little	lower	towards	the	water,	

for	example	on	Sickla	Udde.	The	earlier	planning	areas	have	higher	floor	area	ratio	than	the	new	areas.	

There	is	no	detailed	compilation	of 	the	FARs	on	block	level	but	it	lies	between	2.6	to	3.1.	The	lowest	FAR	

is	on	Sickla	Udde	with	2.2	but	there	are	also	higher	ratios	at	Sjöstadsporten	which	is	up	to	6.”

Personal Communication

Cheon Il Park, Senior Manager, Project Management, Gale International Korea 2010-03-12

“In terms of  energy, water, waste and buildings, I refer to the LEED program because all projects will be 

within the rating system of  LEED. We will use LEED-NC and LEED-CS Rating Systems in residential, 

commercial	and	office	buildings.	They	are	targeted	to	have	at	least	a	LEED	Certification.”

Appendix C
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Photos from Field Studies

Songdo IBD, March 8, 2010

Appendix D

Landfill

Ongoing	construction

Bicyclists at Central Park

First view from the subway exit

View from Central Park

Clear signboards at Central Park
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Aesthetic water tap at Central Park

Separate cycling and walking lanes

Permitted bicycle area on subway

Grand	crossing	not	yet	fully	trafficated

Bicycle parking next to subway exit

Transportation as a part of  U-city concept
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Hammarby Sjöstad, March 16, 2010

Small scale residential units facing the lake

Aesthetic landscape features

Transit	station	at	Hammarby	Allé

Wooden bridges among reed beds

Children’s park adjacent to residential sites

Bicycle parking at residential blocks and waste chutes
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Waste chute for organic waste

Stormwater ladder integrated in the urban landscape

Solar panels on rooftop

Henriksdal wastewater treatment plant

Popular water taxi

Information center GlashusEtt
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Summary of Theoretical Framework and Case Study

A	summary	of 	the	theoretical	framework	and	case	study	findings	and	comparison	of 	Songdo	IBD	and	

Hammarby Sjöstad is presented in the table below.

Theoretical 
Framework

Songdo IBD Hammarby 
Sjöstad

Similarities Differences

Sustainable 
Urban Patterns

High density; 
mixed use of  
all urban func-
tions on differ-
ent urban levels; 
decentralized 
services; residen-
tial	nodes;	infill	
development; 
walking distanc-
es; public transit 
integrated with 
urban functions; 
polycentric urban 
structures; subdi-
vision of  plots

Higher density 
at the center 
and lower at the 
edges; urban 
activities cen-
tered; local retail 
streets mixed in 
residential areas; 
mixed use of  all 
urban functions 
on different 
urban levels; not 
an	infill	but	land-
fill	project;	local	
urban functions 
reached within 
walking distance, 
public transit sta-
tions integrated 
with urban func-
tions

High density 
relative to Stock-
holm; mixed use 
mainly along 
avenue and 
in small scale 
in residential 
blocks;	infill	de-
velopment; local 
urban functions 
reached within 
walking distance, 
public transit sta-
tions integrated 
with urban func-
tions

Concentration of  
urban functions 
along a main 
avenue including 
transportation; 
decentralized ser-
vices; mixed use 
is emphasized; 
public transit sta-
tions integrated 
with urban func-
tions; 

Hammarby 
Sjöstad a part 
of  Stockholm’s 
growth while 
Songdo IBD a 
part of  a new 
satellite city. 
Much higher 
density in 
Songdo IBD; 
Hammarby 
Sjöstad	is	an	infill	
development 
while Songdo 
IBD is based on 
landfill

Sustainable 
Landscape 
Design

Local climate, 
local landforms, 
local conditions; 
balanced coexis-
tence of  city and 
nature; network 
of  open spaces; 
on-site natural 
drainage; urban 
agriculture

30 percent green 
space; use of  
local terrain 
conditions; dif-
ferent levels of  
green; network 
of  open spaces; 
use of  seawater 
in Central Park 
Canal; stormwa-
ter integrated in 
the urban land-
scape

20 percent 
green space; 
local terrain 
preserved; dif-
ferent levels of  
green; network 
of  open spaces; 
urban agriculture 
through private 
allotments; 
stormwater in-
tegrated in the 
urban landscape; 
wildlife crossings; 
Hammarby Sjö

20-30 percent 
green space; use 
of  local terrain 
conditions; dif-
ferent levels of  
green; network 
of  open spaces; 
seawater running 
through both 
sites; stormwater 
integrated in the 
urban landscape

Hammarby 
Sjöstad has 
urban agriculture 
through private 
allotments, and 
wildlife crossings

Appendix E
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Theoretical 
Framework

Songdo IBD Hammarby 
Sjöstad

Similarities Differences

Sustainable 
Traffic and 
Transportation

Integrated land 
use planning; 
reduce need to 
travel; change 
in travel mode 
(i.e.	more	public	
transportation 
and	less	cars);	
use sustainable 
fuel; high density 
urban develop-
ment; mixed use; 
TDM measures

Integrated transit 
stations and 
urban functions: 
400 m to bus 
stops from entire 
area	and	600	m	
to subway sta-
tions from work-
places; regional/
local network 
interconnections; 
fuel cells used for 
buses; TDM: car 
pooling; parking 
management 
with priorities 
to	fuel	efficient	
vehicles; U-City; 
walking, cycling 
and public trans-
portation encour-
aged through 
integrated transit 
stations and bike 
rental system

Integrated 
transit stations 
and urban func-
tions: 400 m to 
bus stops from 
entire area and 
600	m	to	light	
rail stations from 
workplaces; 
mainly local 
transportation; 
need to travel 
not reduced but 
travel modes 
changed to the 
better; biogas 
used for buses; 
TDM: car 
pooling; parking 
management 
with priorities to 
shared vehicles; 
walking and 
cycling encour-
aged through 
continuous lanes 
and public transit 
along main 
avenue

Integrated transit 
stations and 
urban functions: 
400 m to bus 
stops from entire 
area	and	600	
m to subway/
light rail stations 
from work-
places; regional/
local network 
interconnec-
tions; TDM: 
car pooling and 
parking man-
agement with 
priorities to fuel 
efficient/shared	
vehicles; walking, 
cycling and 
public transpor-
tation encour-
aged

Hammarby 
Sjöstad has 
mainly local 
transporta-
tion because 
of  its scale and 
location while 
Songdo IBD has 
both extensive 
regional and local 
transportation; 
biogas is used for 
buses in Ham-
marby Sjöstad 
and fuel cells are 
used for buses 
in Songdo IBD; 
U-City applied in 
Songdo IBD

Sustainable 
Energy 
Systems

Direct solar 
energy; wind 
power; fuel cells; 
waste; biomass; 
LNG; CHP; dis-
trict heating and 
district cooling

Photovoltaics 
used in small 
scale; wind 
power circu-
lates seawater 
in Central Park 
Canal; fuel cells 
for buses; waste 
incineration and 
LNG for district 
heating; water for 
district cooling;

Solar collectors 
and photovol-
taics applied 
in small scale; 
small-scale fuel 
cells in build-
ings; biogas from 
organic waste 
for buses; waste 
incineration for 
district heating; 
heat from waste-
water for district 
cooling

Cutting-edge 
solar technology 
used in small 
scale; waste 
incineration 
as source for 
district heating 
and	(waste)water	
used for district 
cooling

Small-scale fuel 
cells in buildings 
in Hammarby 
Sjöstad; biogas 
from organic 
waste is used for 
buses in Ham-
marby Sjöstad 
and fuel cells are 
used for buses 
in Songdo IBD; 
Songdo IBD uses 
wind power to 
circulate seawater 
in Central Park 
Canal; Songdo 
IBD uses LNG 
as well for dis-
trict heating
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Theoretical 
Framework

Songdo IBD Hammarby 
Sjöstad

Similarities Differences

Sustainable 
Waste 
Management

Waste hierarchy: 
first	reduce,	then	
reuse, recycle or 
recover, or use as 
source of  energy; 
waste separation 
at its source; 
pneumatic waste 
collection system

Waste hierarchy: 
waste reduced by 
charging waste 
generator, recy-
clables recycled, 
combustibles 
used as energy 
source; pneu-
matic waste col-
lection system 
installed; waste-
water reused for 
non-potable ac-
tivities	(landscap-
ing)or	cooling	
towers; organic 
sludge used as 
energy source

Waste hierarchy: 
no waste reduc-
tion incentives; 
recyclables 
recycled; com-
bustibles used as 
energy source; 
pneumatic waste 
collection system 
installed; waste-
water and its 
organic sludge 
used as energy 
source

Waste hierar-
chy: recyclables 
recycled, com-
bustibles used as 
energy source; 
pneumatic waste 
collection system 
installed; organic 
sludge used as 
energy source

Songdo IBD 
reduces waste 
amounts by 
charging the 
waste generator 
while Hammarby 
Sjöstad has no 
waste reduc-
tion incentives; 
Songdo IBD 
reuses waste-
water for non-
potable activities 
or cooling towers 
while Ham-
marby Sjöstad 
uses wastewater 
sludge as energy 
source and brings 
the water back to 
the sea

Sustainable 
Water and 
Sewage 
Systems

Reduce 
demands/ 
consump-
tion through 
design; separate 
treatment of  
blackwater and 
greywater; reduce 
potable water 
consumption; 
local and open 
stormwater treat-
ment; reuse of  
reclaimed water

Demands/
consumption 
targeted to 
reduce through 
installation of  
energy and water 
efficient	appli-
ances; separate 
treatment of  
greywater and 
blackwater; grey-
water reused for 
non-potable ac-
tivities or cooling 
tower opera-
tions; blackwater 
reused for non-
potable activities; 
blackwater sludge 
used as source of  
energy; stormwa-
ter integrated in 
the urban land-
scape

Demands/
consumption 
reduced through 
installation of  
energy and water 
efficient	appli-
ances; greywater 
and blackwater 
treated in same 
system; biogas, 
biosolids as by-
products from 
wastewater treat-
ment; wastewater 
sludge used as 
source of  energy; 
stormwater in-
tegrated in the 
urban landscape

Demands/
consumption 
reduced through 
installation of  
energy and water 
efficient	appli-
ances; wastewater 
sludge used as 
source of  energy; 
stormwater in-
tegrated in the 
urban landscape

Songdo IBD 
treats blackwater 
and greywater 
separately and 
reuses waste-
water for non-
potable activities 
or cooling towers 
while Hammarby 
Sjöstad treats 
wastewater in the 
same system and 
brought back to 
the sea; Ham-
marby Sjöstad 
gets biogas, 
biosolids as by-
products from 
wastewater treat-
ment
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Theoretical 
Framework

Songdo IBD Hammarby 
Sjöstad

Similarities Differences

Sustainable 
Building and 
Architecture

Reduce energy 
and water 
demands; direct 
and passive solar 
energy; green 
roofs; LEED

Energy and water 
demands tar-
geted to reduce 
through instal-
lation of  energy 
and	water	effi-
cient appliances; 
low U-value 
glazing and 
good thermal 
insulation; pho-
tovoltaics used 
in small scale; 
green roofs; 
LEED-NC and 
LEED-CS

Energy and water 
demands reduced 
through instal-
lation of  energy 
and	water	effi-
cient appliances; 
low U-value 
glazing and good 
thermal insula-
tion; solar collec-
tors and photo-
voltaics applied 
in small scale; 
green roofs 

Reduction of  
energy and 
water demands 
through instal-
lation of  energy 
and	water	effi-
cient appliances; 
low U-value 
glazing and good 
thermal insula-
tion; direct solar 
energy used in 
small scale; green 
roofs 

Songdo IBD 
uses third-party 
LEED-NC and 
LEED-CS while 
Hammarby 
Sjöstad uses its 
own Environ-
mental Program 
and the targets 
set out in it

Sustainable 
Urban 
Planning 
Process

Holistic and inte-
grated approach; 
citizen involve-
ment

International 
project organiza-
tion with archi-
tects, engineers, 
consultant, de-
velopers, LEED-
experts etc; no 
opportunities for 
citizen involve-
ment in the plan-
ning process; 

Collaboration of  
city administra-
tions, authorities, 
architects, devel-
opers etc.; Ham-
marby Model as 
result of  holistic 
and integrated 
approach; no 
opportunities for 
citizen involve-
ment in the plan-
ning process

Holistic and inte-
grated approach 
in the planning 
organization; no 
opportunities for 
citizen involve-
ment in the plan-
ning process; 

Hammarby 
Sjöstad devel-
oped the Ham-
marby Model 
as result of  a 
holistic and inte-
grated approach, 
Songdo IBD 
does not have a 
site	specific	eco	
cycle model 








