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Abstract 
 
Urbanization and climate change are two of the most important issues of our days. Many 
attempts have been made to define the most sustainable way to organise cities in order to cope 
with the increased population, while simultaneously being climate friendly, socially acceptable 
and economically viable. This master thesis focuses on the comparison of the sustainability 
performance of two particular theoretically planned urban forms, located in the suburban area 
of Stockholm – a “compact city”-like neighborhood and a “garden-city”-like neighbourhood. It 
was decided that the focus would be on the carbon footprint of the representative residences of 
each urban form, with the help of Life Cycle Assessment (LCA); and that overall sustainability 
criteria for neighbourhoods would afterwards be assessed, having a certification system for 
sustainable neighbourhoods (CityLab for districts, in particular) as a framework for a – mostly- 
theoretical assessment. After the exploring of the differences in the sustainability performance 
(environmental and social) of the two assessed urban forms, a discussion is made concerning the 
relationship between urban form and sustainability and conditions under which the most 
sustainable urban form could be achieved. The results of the analysis highlight that the concept 
“one size fits all” cannot conform to urban planning decisions, since cities should be able to adjust 
to the needs of each generation. 
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Definitions and Abbreviations 
 

● Atemp = heated floor area 
● GAF= Green Area Factor = GrönYtaFaktor (GYF), here defined as the ratio of vegetated 

surfaces to the total land area 
● CO2-eq = CO2- equivalents1 
● ÅDT = Årsmedeldygnstrafik = Vehicles per day 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
1 for the relation between CO2-eq (GWP) and GHG : http://www.naturvardsverket.se/Sa-mar-miljon/Statistik-A-
O/Vaxthusgaser-utslapp-och-upptag-fran-markanvandning/ 

http://www.naturvardsverket.se/Sa-mar-miljon/Statistik-A-O/Vaxthusgaser-utslapp-och-upptag-fran-markanvandning/
http://www.naturvardsverket.se/Sa-mar-miljon/Statistik-A-O/Vaxthusgaser-utslapp-och-upptag-fran-markanvandning/
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Nowadays, more than half of the world’s population (7.6 billion according to United Nations 
Population Fund (UNFPA, 2016)) lives in towns and cities. Urbanization is expected to keep its 
upward trend with the number of people living in urban areas reaching 5 billion by 2030 (UNFPA, 
2016). Even though various environmental issues occur globally, in many different areas of 
interest, and even though they are all significant and interrelated, urbanism creates some of the 
most complex ones, since controlling them and seeking effective measures to mitigate them has 
been proven challenging (Jenks, Burton, & Williams, 1996). Cities are complex systems, and, 
combined with the complicated nature of human beings, the task to contrive effective ways to 
mitigate climate impacts in urban areas has become intimidating. (Jenks, Burton, & Williams, 
1996) However, remedies are necessary since cities are the places “where the most intense 
environmental damage is taking place, and it is there that many improvements can effectively be 
made” (White, 1994).  
 
Rise of population in urban areas creates an increasing demand for housing within their close 
proximity. During the twentieth century, the most common forms of urban development were 
urban sprawl and suburbanization, which have recently been, almost unanimously, accused for 
creating unsustainable -in environmental, social and economic terms- cities. (Shakibamanesh & 
Daneshpour, 2011). 
 
In recent years, after the report “Our common future” (World Commission on Environment and 
Development, 1987) was published, attention has turned towards sustainable urban planning, in 
order for population growth to be met without compromising sustainability. The solution 
suggested from literature in the 1990’s was the so called “compact city”, a model of urban 
intensification which was supposed to reduce car use, prevent expansion to the countryside, 
strengthen social equity, upgrade abandoned downtown areas and in general promote 
sustainability (Shakibamanesh & Daneshpour, 2011). 
 
Nevertheless, it was not until the mid-1990’s that the sustainability of the compact city model 
was questioned, as it could conduce to overcrowded areas, with neglected life quality, reduced 
open spaces, increased congestion and pollution (Breheny, 1992). Moreover, (Gordon & 
Richardson, 1997) pointed out that if people were given a choice, they would prefer to live in 
low-density suburban areas, as results from consumer preference surveys confirm. (Bramley & 
Power, 2009). 
 
The relationship between urban form and sustainability has been characterized as “one of the 
most hotly debated issues on the international environmental agenda”.  (Jenks, Burton, & 
Williams, 1996). The aspect of urban form that has mostly been assessed in the antagonism 
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between compact city and urban sprawl is density both concerning social and mostly 
environmental issues. (Bramley & Power, 2009). 
 
However, urban density alone (the dimension of which being the main assessed characteristic 
throughout literature of the 1990s) cannot constitute a sufficient condition for the sustainability 
of a neighbourhood, (Shakibamanesh & Daneshpour, 2011) and even if it was, the possible urban 
forms do not only consist of compact cities and their extreme opposite - urban sprawl.  
 
So, how would a middle density solution affect sustainability? What if garden cities can -under 
conditions- constitute an urban form that can combine the benefits of adequate density for the 
provision of facilities and public transportation, while at the same time having low carbon 
footprint and being socially preferable? And is there an ultimate most sustainable urban form? 
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Chapter 2  -    
Research question and 
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As already mentioned, questioning in the perception of city planning is needed, for the sake of 
sustainability. One way to address the issue described above is to assess the re-planning of 
suburban parts of Stockholm by dividing them into small societies, with an integrated mixed-use 
environment. Therefore, the goal of this study is to compare, by means of environmental and 
social aspects, two ways of organising a suburban society-neighborhood in Stockholm. The first 
one is a potential approach of sustainable urban planning, where neighbourhoods are built-up 
with single family highly prefabricated wooden houses creating a “garden city”; and the other 
one is the currently promoted as the most sustainable one: the development of “city-like” 
compact neighbourhoods with high-density. 
 
Therefore, the main aim is formulated as following:  

Explore differences in the sustainability performance of low-rise “garden 
cities” compared to high-rise compact cities built in suburban areas.  

For this broad aim to be reached, the study was chosen to focus on the assessment of carbon 
footprint from the residential sector, and then on the evaluation of other overall sustainability 
aspects.  
 
Therefore, three main objectives were defined:  
 

1.   Compare the carbon footprint of indicative residences for each kind of neighbourhood. 

2.   Compare the sustainability performance (environmental and social) of the two urban forms. 

3.   Discuss under which conditions the most sustainable urban form could be achieved. 
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3.1. Definition of sustainable development 
In recent years, the concept of sustainable development has been intensely employed, even 
though there is not a massively accepted definition of it. According to “Our common future” 
report, sustainable development can be achieved by ensuring that “it meets the needs of the 
present without compromising the ability of future generations to meet their own needs”.  (World 
Commission on Environment and Development, 1987). Therefore, long-term thinking is 
necessary, in order for current planning to be flexible to adapt to various future essential 
development scenarios.  
When discussing sustainable development, it is neither easy nor correct to distinguish between 
environmental, social and economic sustainability, as they are interlinked and together, they 
form a dynamic system (Basiago, 1998). Social sustainability entails well-being in the 
communities and care for meeting the needs of all diverse resident groups; economic 
sustainability involves self-sufficiency in the community and adequate provision of jobs; 
environmental sustainability includes meeting of ecological restrictions, reduction of the carbon 
footprint and efficient resource-use. (Sharifi, 2015).  
According to Boverket2, urban planning should be performed with a holistic view “in order to 
achieve a sustainable urban development, where traffic, building and green structures are 
included”. (Boverket, 2009). A sustainable society has to be a society that caters for social, 
ecological and economical aspects (Åkesson, 2008), planned with infrastructure that “synthesizes 
with rather than parasitize surrounding natural systems”. (Basiago, 1998).  
 

3.2. Elements of urban form in relation to sustainability 
Urban form can be described as the “morphological attributes of an urban area at all scales” 
(Williams, Burton, & Jenks, 2000). These scales range from a building, to a block, a neighbourhood 
or a whole city. (Jenks & Jones, 2010). According to (Lynch, 1981) & (Handy, 1996), “Urban form 
and structure are the patterns and spatial arrangements of land use, transportation systems, and 
urban design elements, including the physical urban extent, layout of streets and buildings, as 
well as the internal configuration of settlements”. (Seto, et al., 2014). 
Both physical and non-physical aspects involved [density, land uses (layout, distribution of green 
space, provision of facilities and services) , building types (physical characteristics, life cycle 
carbon footprint) and transport infrastructure (accessibility, efficiency) (Jenks & Jones, 2010)] are 
“interconnected and interdependent” (Jenks & Jones, 2010) and affect all aspects of 
sustainability. Their assessment in relation to sustainability can, in general, be performed using 

 
2 Swedish National Board of Housing, Building and Planning  
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certification tools, as these can comprise a “measure” of sustainability in relation to planning 
process.  
Next, a literature review is performed, concerning the elements of the urban form. 
 

3.2.1. Density 

According to (Seto, et al., 2014), “Urban density is the measure of an urban unit of interest (e.g., 
population, employment, and housing) per area unit (e.g., block, neighbourhood, city, metro area, 
and nation)”.  
Therefore, there is not a clear definition of the term, but the most common ways to define it are 
population density, built-up area density and employment density, all per unit area. Many studies 
have shown the correlation between urban density and GHG emissions. In general, low densities 
of all above mentioned kinds, lead to the augmentation of the average travel distances, either 
these are work- or shopping related; which in turn progresses to increased car use and more 
emissions. (Seto, et al., 2014). Conversely, high population densities, particularly when 
accompanied with high employment densities, have been proven to lead to less GHG emissions. 
(Seto, et al., 2014). This was also documented by the  (U.S. Department of Transportation, 2009), 
showing that low population density areas’ (0–19 households/km2) GHG emissions are double 
the GHG emitted from the transportation sector of high population density areas (1,900–3,900 
households/km2). However, one can see that only extreme density values are assessed. What is 
also important is that public transportation, and infrastructure for walking and cycling paths 
require a certain amount of demand in order to be efficient (Seto, et al., 2014). According to 
Rådberg (Rådberg, 1994), a research shows that the critical limit for public transportation to be 
profitable, frequent and efficient in a neighbourhood is a density of 20-30 persons per hectare. 
(Åkesson, 2008).  

However, the threshold cannot be easily defined, as it varies between different means of 
transportation, frequencies and special characteristics of each unit area. “Urban density is thus a 
necessary—but not sufficient—condition for low-carbon cities”. (Seto, et al., 2014). 

What is more, higher population densities facilitate spontaneous interactions with neighbors 
(Shakibamanesh & Daneshpour, 2011), potentially increasing social contact.  
Nevertheless, high density is commonly mistaken to only be directly associated with high-rise 
buildings, situated close to each other. However, “the same level of density can be achieved 
through multiple land use configurations” (Figure 1). High population density clearly implies high 
built density, but the last one is not inextricable to high-rise constructions. (Seto, et al., 2014) 
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Figure 1: Same densities in three different layouts: low-rise single-storey homes (left); multi-storey medium-rise 

(middle); high-rise towns (right). Adapted from (Cheng, 2009), Source: (Seto, et al., 2014) 

In high-density, high rise urban areas, a compromise should be made between buildings’ floors 
and spacing between buildings, since high-rise buildings should be more sparse to allow light 
penetration, (Seto, et al., 2014) and sufficient green areas should be provided within walking 
distance (see also section 3.2.2.1.). 
As the definition of density within a settlement area is not clear and sometimes different factors 
are used for its calculation, exploitation area (the ratio of the total gross area for housing and 
premises in one area divided by the total land’s area) is sometimes used to describe the degree 
of land occupation. (Åkesson, 2008) 
 

3.2.2. Land uses  

3.2.2.1. Green areas (environmental, ecological and social benefits) 

 
Figure 2: Urban ecosystem services, Source: (Bokalders & Block, 2016) 

Open green spaces can benefit the urban environment in multiple ways. Environmentally, trees 
and other plants have the ability to store carbon and release oxygen, thus reducing GHG 
emissions (Bokalders & Block, 2016); they contribute to improved microclimate and thus thermal 
comfort levels during the summer, through the provision of solar shading, and the process of 
evapotranspiration, reducing surface and air temperatures; they function as a barrier to urban 
pollution and noise, since trees can purify the air and reduce noise levels, (Bokalders & Block, 
2016), and they offer protection from wind chills during winter (Jenks & Jones, 2010). 
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Ecologically, they contribute to the prevention of floods, they aid to the wastewater treatment 
and to pest control  through biological activities of microorganisms (Bokalders & Block, 2016) and 
they provide habitats for increased biodiversity (Jenks & Jones, 2010). Socially, access to green 
spaces can ameliorate human health and well-being through encouraging physical activities, 
social interaction and reducing stress levels (Jenks & Jones, 2010). It is documented that 
preschool children with direct access to green areas are more healthy, concentrated and prone 
to physical activities. (Bokalders & Block, 2016). Literature has also proved that green spaces 
could strengthen the sense of community in the neighbourhood, as well as the “civic pride and 
sense of place” (Duany & Plater-Zyberk, 1992). For the social benefits, however, it is crucial that 
green spaces are within close walking proximity to houses or jobs, to create the motive for regular 
visits. (Bokalders & Block, 2016).  
 
The “Green Area Factor” is a factor representing the percentage of all the green areas in a 
landscape. These green areas can be forests, gardens, parks, trees on the pavements, green roofs, 
green facades and in general any part of the land that is vegetated. There are many ways to 
define the green area factor of a district, but the simplest one is forcing for “covering a certain 
percentage of the parcel in vegetation” (Tung, 2014), thus to divide the “green” square meters 
(of all the surfaces in the area) with the total square meters of the area studied. Given the success 
during implementation of the urban planning with a minimum accepted value of this factor, many 
aspects of sustainability could be achieved, since “Vegetation mitigates the risk of flooding, 
reserves carbon dioxide, cools down the heat islands of built environments and increases the 
pleasantness and beneficial health-effects of the urban spaces”. (My Climate Services, 2018). 

A green area factor greater than 0,5 would mean that “the majority of the area exhibits 
environmentally beneficial features”. (Bay & Lehmann, 2017). It is important that some green 
spaces are also directly connected with the residents, like green areas within the housing 
properties. These areas are named 'friytoribebyggelse' or free spaces in building areas, which are 
prerequisites when planning the building area. (Verduras, 2017).  

3.2.2.2. Land use mix 

“Land use mix refers to the diversity and integration of land uses (e.g., residential, park, 
commercial) at a given scale” (Seto, et al., 2014). (Figure 3) 
During past years, the separation of land uses was common, especially for the sake of reducing 
pollution from industries near the residencies. However, industrial emissions have been 
considerably reduced with the transition of cities into service economies and thus, such 
arguments for this kind of separation have been limited to countries with large industrial output. 
Generally, dissociation between services (work, shopping, public services) and residencies results 
in longer travel distances, discouraging walking or cycling, and encouraging car ownership, thus 
contributing to increasing GHG emissions. (Seto, et al., 2014). 
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At the neighbourhood scale, mixed use can be defined as “a ‘smart’ mix of residential buildings, 
offices, shops, and urban amenities” (Bourdic, Salat, & Nowacki, 2012), though often, at this scale, 
reduced travel distances refer to non-work trips. According to (Cervero, 1996), the positive 
effects that mixed land use has on the increasing of walking and cycling preference, together with 
the presence of shops and services inside the neighbourhood, can have a stronger influence than 
urban density.  

 
Figure 3: Three different land use mixes (Manaugh & Kreider, 2013), Source: (Seto, et al., 2014) 

 

3.2.3. Building types (life cycle carbon footprint, social aspects) 

3.2.3.1. Energy 

Primary energy use and GHG emissions related to the built environment are in a considerable 
percentage owed to the building sector, thus the latter is a significant contributor to the 
environmental sustainability of an urban form. 
Energy is used throughout the life cycle of buildings from raw material extraction, production, 
transport, assembling, maintenance to demolition. In 2011, 32% of the global final energy and 
38% of the European final energy was used by the building sector. Concerning GHG emissions, in 
2010, building energy amounted to 19% of the total global GHG emissions (IPCC , 2014). A source 
of carbon dioxide emissions related to the building sector, (without being an energy related 
source) is the cement calcination emission. 5% of all anthropogenic global CO2 emissions 
corresponds to cement production, half of which occurs from calcination and the rest from 
energy combustion. (Dodoo, Gustavsson, & Sathre, 2016). 
The efficiency of primary energy depends on the efficiency of the processes required for the 
service and the type of energy resource (fuel). For example, the primary energy for the operation 
phase of a building mainly depends on the processes for supplying electricity and heat and the 
type of fuel used. (Gustavsson & Joelsson, 2010). Taking into consideration passive houses, there 
is a requirement for a maximum final energy use for space heating and domestic hot water of 55 
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and 65 kWh/m2, in the south and north climatic zones of Sweden, respectively. (Gustavsson & 
Joelsson, 2010).  
Operational energy is the energy required for space heating, cooling, ventilation, domestic hot 
water, lighting and powering appliances inside the building. (Wiki, 2019). 

Until recently, energy savings in the built environment were mainly approached by optimization 
of operational energy consumption, as this has been the greater contributor to the building’s 
energy demands throughout its whole lifecycle.  However, as the demands for operational energy 
have been significantly reduced through this optimization, the need to take into consideration 
the energy used for other phases of the life cycle of a building is crucial. The total energy 
consumption related to a building’s life cycle, from cradle to grave is thus an important aspect to 
be assessed when discussing sustainability, since the relative importance of all life-cycle phases 
is getting higher. (Gustavsson & Joelsson, 2010). A significant tool for this assessment is Life Cycle 
Assessment (LCA).  
 
Energy supply system 
 

• District heating  
In Stockholm, the result of low per capita emissions is succeeded to a large extent due to the 
extensive district heating and cooling system, the energy within which was, until 2009, produced 
with 37% biofuels, 32% fossil fuels (coal and oil) and 31% energy acquired from waste 
incineration. (OECD Green Growth Studies, 2013)  

However, since 2010, 9% of fossil fuels in the energy mix for district heating was replaced by 
renewable electricity. In 2012, “Roughly one-fifth of the sources are fossil fuels, however, with 
coal representing a 16% share and oil representing a 4% share. The largest share of energy comes 
from waste (23%) and biomass (30%), which is primarily derived from wood products but can also 
include waste”. (OECD Green Growth Studies, 2013)  
There is an annual expansion of the district heating system by about 200-300 GWh/year, 
currently covering about 80% of Stockholm’s total heating demand.  
Minimizing fossil fuels’ use, pollutants emissions have been significantly reduced: “Over 1982-
2012, CO2 emissions per kWh of heat decreased by 72%, sulphur emissions decreased by 97%, 
and NOx emissions decreased by 86%”. (OECD Green Growth Studies, 2013). 
The choice of fossil fuels can affect the amount of CO2 emitted, as different fuels emit different 
quantities of carbon per unit of heat released in combustion. Also, the choice of method for the 
conversion and distribution of energy to its final use can result in different quantities of burned 
fuel required for the provision of the same end-use service. (Gustavsson & Sathre, 2004). 
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• Electricity  
In the EU, the electricity generation mix is comprised of 27% nuclear, 25% coal and lignite, 24% 
fossil gas, 21% renewables and 3% oil (European Environment Agency, 2013). Electricity 
production is typically dominated by stand-alone power plants with large losses and excess waste 
heat. The average conversion efficiency for electricity production worldwide was 37% in 2005. 
The Swedish electricity production system is dominated by hydro and nuclear power. (Dodoo, 
Gustavsson, & Sathre, 2016). The choice of electricity mix creates large differences in the 
emissions of CO2.  
 

3.2.3.2. Construction Materials 

The need to reduce CO2 emissions from the construction sector has led to the prospecting for the 
most sustainable materials and ways of construction process. In particular, raise of interest has 
been observed for using wood, as a more sustainable alternative to the commonly used concrete. 
EU (European Commission, 2011) and the (IPCC, 2007) state that the increased use of wood 
materials could entail a significant measure to mitigate climate change. The (IPCC, 2007) has also 
proposed measures to further increase the climate benefits of wood products, such as the 
amelioration of quality and processing efficiency of wood products and the sustainable end-of-
life management of wood materials for energy purposes, in order to replace fossil fuels. (Dodoo, 
Gustavsson, & Sathre, 2016) 
Concrete has been massively used, as it is an easy-to-use (can be cast into shape and its raw 
materials can be found in abundance), affordable, water resistant and durable material, which 
can provide increased operational energy efficiency due to its high thermal mass. (The Concrete 
Initiative, 2019). 
However, many studies have proven that less energy is required and less CO2 is emitted by wood-
framed buildings, compared to concrete and steel framed ones, due to the fact that wood 
products require less energy to be manufactured and wood residues can be used instead of fossil 
fuels for their production, a fact that was also stated by (Sathre & Gustavsson, 2009), when 
assessing the climate implications of wood-based products in construction.  
Also, timber is the only material with the capacity of storing large quantities of carbon for a long 
time, and using solid wood panels could lead to buildings acting like “carbon sinks”. (Lehmann, 
2013). Carbon “trapped” in trees is, to some extent, lost to the atmosphere but it is also 
transferred into other secondary carbon pools, which mainly include the forest floor litter and 
forest products (HWP), such as paper and lumber (Tonn & Marland, 2007). HWP (Harvested 
Wood Products) are defined as “wood material leaving the harvest site”. Three product 
categories determine the HWP-pool balance: sawn wood, wood-based panels and paper 
products. Independently of possible export of some of these products, the system is counting all 
HWP from Swedish forests. Almost half the amount of wood removed from the forests recently, 
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has been converted to one of these product categories, while the remaining has been exploited 
for the production of energy. (Naturvårdsverket, 2016). 
The LULUCF3 sector, starting from 2015, includes HWP within its calculation of emissions and 
removals. HWP is an essential sink, the value of which varies in inverse proportion with the living 
biomass pool, as increased harvesting leads to raise in the HWP pool values, while simultaneously 
living biomass pool is diminishing (Naturvårdsverket, 2016). In 2014, HWP contributed to the 
reduction of about 7 million tons CO2-eq, while the forest land removed almost 48 million tons 
CO2-eq from the LULUCF sector. (Swedish Environmental Protection Agency, 2018) 
Nowadays that awareness for the immediate need to reduce carbon emissions has risen, the 
carbon storage in wooden buildings becomes an even more interesting aspect to consider when 
planning for construction. Steffen Lehmann pinpoints that “One cubic meter of wood stores 
around one ton of CO2, making timber the only construction material that can impact positively 
on the environment” (Lehmann, 2013). This results in a “cumulative reduction of CO2 emissions, 
while sequestration of biological carbon is typically temporary” (Schlamadinger & Marland, 
1996). 
When a forest is harvested, its carbon stocks instantaneously decrease, but this is temporary, 
provided, however, that the forest is sustainably managed and thus the harvest is fully replaced 
- no net decrease in the long-term. (Tonn & Marland, 2007). “Sustainably managed forests 
practically offer two-way flow of carbon dioxide: they absorb the carbon dioxide during their 
growth and when the tree dies and decays, falls back or burns, the carbon goes back to the 
atmosphere, thus remaining carbon neutral” (Lehmann, 2013). Therefore, researchers 
recommend cropping trees before they decay and lose part of their carbon storage ability, to use 
wood as a material instead of concrete and steel in construction, or as biomass, for the 
production of energy and biofuels to replace fossil fuels. (Lehmann, 2013). 
In addition, CO2 emitted from the process of cement calcination, which is necessary for concrete 
construction, is avoided, if wood is used instead of concrete. (Gustavsson & Joelsson, 2010). 
In general, primary energy required and Global Warming Potential (GWP) for timber buildings 
are proved to be at least 25 percent lower than for concrete or steel buildings (Lehmann, 2013). 
However, there are also aspects that discourage the use of wood, such as the decrease of 
biodiversity in the forest (even if the carbon sequestration is the same through HWP use), the 
fire vulnerability and susceptibility to moisture.  
 

3.2.3.3. Height of buildings 

Multi-family high-rise buildings are related to less foundation requirements per square meter of 
living space, less residential land occupied per person, and reduced energy demands per 
apartment for heating, due to connected surfaces (Shakibamanesh & Daneshpour, 2011). 

 
3 Land Use, Land Use Change and Forestry 
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However, they are also characterized by reduced exposure to daylight, lack of direct access to 
green areas (e.g. gardens), increased use of materials for structural elements and vertical 
equipment (e.g. stairs, elevator), and lack of “sense of belonging”.  
 

3.2.3.4. Living space per person 

Increased living space per person is relatively associated to increase of carbon footprint per 
person throughout the life cycle of the building. However, adequate personal living space is 
required in order for social well-being to be achieved and for the avoidance of sense of cramming 
that dense structures with insufficient living space could provoke.  
 
 

3.2.4. Transport infrastructure  

Sustainable urban form is the one that can provide appropriate access to walking and cycling and 
efficient means of public transportation, easy access to facilities, services, and gathering places 
for the encouragement of social interaction (Jabareen, 2006). Sustainable transportation is 
defined as “transportation services that reflect the full social and environmental costs of their 
provision; that respect carrying capacity; and that balance the needs for mobility and safety with 
the needs for access, environmental quality, and neighborhood livability” (Jordan & Horan., 
1997). According to (Duncan & Hartman, 1996), sustainable urban transportation means that 
emissions and waste are limited to the amount that can be absorbed by each area; renewable 
energy sources are used as fuels; components are recycled and land use consumption is reduced. 
Furthermore, it is characterized by its efficiency, affordability and equity, thus providing people 
of all ages and financial situation a healthy and desirable quality of life (Jabareen, 2006). 
As it is observed, the increase of the car number leads to the construction of more or the 
enlargement of existing highways; and cars are observed to occupy as much space as they are 
given. Thus, this supply-demand chain could keep up for many more years, destroying the 
environment.  
Car use is contributing to a large extent to land use consumption and fossil fuel emissions. The 
transportation sector is one of the larger contributors to greenhouse gas (GHG) emissions and 
thus, global warming (IPCC , 2014). Cars occupy space both on roads and parked the latter being 
their condition for 96% of their lifetime (Lundin, 2008). 
By creating a more efficient traffic system with carefully planned roads suiting each urban form 
and by incorporating suitable means of public transportation, the space currently occupied by 
transport infrastructure could be exploited for more housing or public/green areas. In Norwegian 
cities, a car occupies more than double the space a bike is occupying and more than ten and 
twenty times the space a bus and a tram respectively are occupying. Even when parked, 25 sqm 



 

22 

are occupied by a car, while a bicycle needs only 1,5sqm. Buses require space for bus stations, 
and parking when not in use (30 sqm per bus) (Persson, 2014). 
But problems faced by the use of cars are not only based on GHG emissions and requirements. 
Congestion, noise and lack of safety, are kind of problems that cannot be solved even if cars 
became carbon neutral. So, the actual transport is the factor that needs to be reduced. Therefore, 
the focus should move towards efficient accessibility instead of efficient mobility, since the 
former represents the handiness to reach something while the latter represents the ease of 
moving in order to access something. (Ross, 2000). The goal should be “to have as much 
accessibility per mobility as possible” (Ross, 2000). This is the part where urban planning plays a 
major role, to reduce the need for moving and encourage the use of bicycles and on foot 
transport, by creating the appropriate conditions. 
An empirical research indicated that the streets’ design affect traveling habits (walking and non-
motorized travel) even more than urban densities, in examined traditional neighbourhoods 
(Seto, et al., 2014).  

However, it should be mentioned that travel habits are influenced not only by physical land 
planning but also by socioeconomic criteria, such as income, employment, gender, age, car 
ownership, family status etc. (Stead, Williams, & Titheridge, 2000).   
 

3.2.5. Integrated features 

Even though separately analysing these elements is beneficial, one can easily notice that they are 
interlinked. For example, sufficient density (adequate to qualify for transport networks and 
provision of public services) and mixed-use environment (services and facilities nearby) are 
prerequisites for efficient accessibility within an urban settlement (Jenks & Jones, 2010). 
Increased car ownership has led to the development of urban sprawl - related to very low 
densities, which in turn create the demand for private vehicle to enable the commute towards 
facilities, services and shops. (Jenks & Jones, 2010). 
Higher population densities could increase the possibilities for social interaction with neighbors, 
thus leading to higher “sense of community” (Shakibamanesh & Daneshpour, 2011). However, 
there are more advocates saying that high densities may cause people to “withdraw from social 
contact and experience stress” (Shakibamanesh & Daneshpour, 2011). 
Either way, it is obvious that there is a connection between urban density, transport 
infrastructure and social well-being, which however, could also be attributed to socioeconomic 
criteria, such as income, employment, gender, age, car ownership, family status etc. (Stead, 
Williams, & Titheridge, 2000). 
Therefore, different city planning aspects should be assessed so that the Sustainable 
Development Goal 11 -to make cities inclusive, safe, resilient and sustainable - is succeeded. 
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3.3. Characteristics of the main urban development forms of the 
developed countries 
 
Three urban forms are going to be described. The first two -urban sprawl and compact city- are 
the two “opposite” terms creating the most conflicts among urban planners and researchers. The 
third one -the garden city- is a controversial form, which has been misinterpreted by many, had 
been implemented in the past and, currently, its sustainability in contemporary context is 
questioned.  

3.3.1. Urban sprawl 

Urban sprawl has been defined as “…unplanned, uncontrolled, and uncoordinated single use 
development that does not provide for a functional mix of uses and/or is not functionally related to 
surrounding land uses and which variously appears as low-density, ribbon or strip, scattered, 
leapfrog, or isolated development” (Nelson & Duncan, 1995).   

There are several factors leading to the phenomenon of urban sprawl and multiple problems 
associated to it. Urbanization, combined with increasing car ownership; neglected urban centers; 
socioeconomic differences; more affordable land at the outskirts of cities; mass production of 
housing (Shakibamanesh & Daneshpour, 2011)  and desire of living in villas and in environments close 
to the nature, with better air quality are some of the reasons that have led to urban sprawl 
phenomenon. Concerning the consequences, urban sprawl results in dependence from private 
vehicles, which, combined with the large distances from the city center, creates high car traffic loads, 
which in turn lead to increased GHG emissions, and demand for more or larger roads. 
(Shakibamanesh & Daneshpour, 2011). The extreme low density that characterizes the phenomenon 
of urban sprawl, results in high infrastructure and public service costs (large distant networks for the 
supply of electricity, gas, water, sewers, etc., additional transport infrastructure to enable safe 
walking and cycling, etc. (Vernet & Coste, 2017), undisciplined exploitation of resource land and 
social costs, such as isolation, social segregation and decay of the inner city (Bramley, Dempsey, 
Power, & Brown, 2009).  

3.3.2. High-rise compact cities/neighbourhoods  

Urban compactness is usually stated to be achieved through “intensification” (more intensive 
utilization of buildings), “consolidation” (strengthening of the existing infrastructure) or 
“densification” (rise of population density in the urban area) (i.e. re-urbanization) (Burton, 2000). 

The benefits associated to compact cities (which have usually been reinterpreted as high-density 
living cities, occasionally creating concerns regarding inadequate green and public open space, 
squeezing residents in small areas, and incremental housing prices) are described in several studies, 
often in comparison to urban sprawl (Shakibamanesh & Daneshpour, 2011). Some of the main 
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identified -through these studies- benefits are: reduced car dependency, decreased GHG emissions, 
reduced energy consumption due to collective housing, provision of more efficient public 
transportation, augmented accessibility, reuse of existing infrastructure and less land consumption, 
strengthening of urban vitality and quality of life, preservation of green areas and creation of an 
active economic environment (Shakibamanesh & Daneshpour, 2011). 

The main aim of the compact city is to “solve its own problems within its own limits, avoiding the 
consumption of more land” (Vale, 2009). 

The researched benefits have been revolved around reduced consumption of land and energy due 
to the compactness of built structures (Vernet & Coste, 2017), and -more often- around reduced 
travel distances, thus decreased fuel consumption and GHG emissions related to the transportation 
sector. Specifically, it has been proven by two studies that high population densities are associated 
with less travel distances, thus lower fuel consumption (Jenks, Burton, & Williams, 1996). Since 
transport is a major contributor to GHG emissions, compaction as a remedy to global warming and 
as a measure to promote sustainability has massively been politically accepted.  However, among 
the academic world there have been conflicts concerning compaction, still remaining unsolved. 
(Jenks, Burton, & Williams, 1996).  

 

3.3.3. Garden low-rise cities/neighbourhoods  

 

 
Figure 4: Howard’s Three Magnets (left) and URBED’s (Urbanism Environment Design) Three Magnets for the 21st 

century (right). Sources: (Howard, 1898); (Rudlin, Nick, Kieran, & Nicholas, 1998); (Vernet & Coste, 2017) 

Contemporary garden cities are often mistaken as a form representative of urban sprawl, with 
low exploitation rate and non-existing or inefficient means of transportation. Sometimes, it is 
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confused with the so called “villamattan” which is a form consisting of sparsely located villas with 
abundant space between them (Åkesson, 2008). As a result, they tend to be presented as “a low-
density, unsustainable and space-consuming archetype of suburbanization” (Vernet & Coste, 
2017). 

The vision of Ebenezer Howard, who invented the Garden City, was the combination of the 
“advantages of the most energetic and active town life, with all the beauty and delight of the 
country” (Howard, 1898). According to Rådberg (Rådberg, 1994), the swedish garden-cities are 
places where someone can live in a small house with an own garden, but within a city-
environment consisting of wide roads, narrow streets and squares. The houses are usually 2-
floor, both single-family houses and apartments in low-rise constructions. (Rådberg, 1994). 
(Berglund, Sjöström, & Åström, 2004) mention that the Swedish garden-cities are characterized 
by moderate densities, with a variety of housing types: detached (villa), semi-detached, terraced 
housing and even low-multifamily houses; a mix of low-rise homes and services, private gardens 
and wide, clean, planted roads, so that the air can freely circulate and solar light can penetrate 
into the houses (Andersson, 2016).  
The road system in garden cities follows a gradation from major wide roads with tree planting at 
the periphery of the area to smaller roads shaping blocks of residencies, to even smaller, often 
dead ends or paved for cyclists and pedestrians (Andersson, 2016).  
Garden cities could satisfy the needs of families desiring their own property and garden away 
from the city center but not isolated from the city life, while avoiding high traffic loads, pollution, 
lack of safety and degradation of public spaces which are said to characterize the environmental 
quality of life at the densely built city centers (Camagni, Gibelli, & Rigamonti, 2002). This, 
combined with change in lifestyles because of social (e.g. creation of family) or economic criteria 
and with the fact that improvement of housing in the city center costs more than a new 
construction at the outskirts, creates a rational advantage for choice of housing in spacious 
suburban areas. The problem arises when there is no clear planning for these residencies, leading 
to the phenomenon of urban-sprawl, as this “diffused pattern of urban development” cannot 
create the prerequisites for provision of services or public transportation, leading to exclusive 
use of private vehicles and longer trips to reach facilities (Camagni, Gibelli, & Rigamonti, 2002), 
as has been described above. 
The garden city, provided that it is carefully designed, and its principles are properly applied, has 
been proved that it creates “long-term usable environments with large spatial qualities”.  
(Åkesson, 2008). An example of a properly designed garden city, maintaining the principles of the 
term, is Vistabergs allé gestaltningsprogram4, within which a mix of housing and services has 
been created, with a focus on low-construction and everything is connected to an efficient transit 
system. (Åkesson, 2008). 

 
4 https://docplayer.se/14984364-Gestaltningsprogram-for-vistabergs-alle-i-huddinge-kommun-antagandehandling.html 

https://docplayer.se/14984364-Gestaltningsprogram-for-vistabergs-alle-i-huddinge-kommun-antagandehandling.html
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4.1. General methodology followed to answer the research 
question 
 
The attempt to answer the research question under the narrow scope of a master thesis was a 
complicated process. First, it was decided that both environmental and social aspects of 
sustainability would be assessed in the comparison between the two neighborhoods. It was then 
thought that sustainability performance indicators developed for certification tools, could 
constitute an appropriate framework for sustainability aspects characterizing an urban form, 
while providing the minimum required criteria for a district to be judged as sustainable. 
Therefore, CityLab for districts (SGBC, CityLab, 2019), a certification tool developed by SGBC was 
chosen to be used, as it focuses on the performance and it consists of a limited number of 
indicators (both for environmental and social sustainability), making its use simple.  
 
However, evaluating the comparative performance of the two neighborhoods, in relation to each 
of those indicators, required data in a comparative basis, not available from existing 
neighborhoods. Therefore, a default set-up was planned for both neighborhoods. The evaluation 
of the two urban forms in the basis of CityLab indicators was performed either quantitatively 
(when it was possible and time efficient) or qualitatively, using systematic synthesis of literature 
and/or statistics, municipality data or calculation tools. It was attempted to approach each 
assessed indicator as detailed as possible, but due to time-limitation, a special focus was put on 
the carbon footprint of the residential sector, since the building sector’s emissions are a 
significant contributor to the environmental sustainability of an urban form. As mentioned in the 
Background section 3.2.3., the CO2 emitted from buildings is an important aspect of the 
sustainability of an urban form. It is crucial that the emissions assessed do not only relate to their 
construction phase or to the energy use from their operating phase, but to their overall carbon 
footprint, since the main issue is the contribution of each building to the overall emitted CO2 to 
the atmosphere. A valuable tool available to measure the carbon footprint throughout the whole 
life cycle of a product is Life Cycle Assessment (LCA), which is going to be used for the comparison 
of the carbon footprint owed to residential sector in the two neighbourhoods. The following 
figure (Figure 5) depicts the process that was followed to answer the research question. 
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Figure 5: Process figure-steps followed in the study 

 
In the following chapters it is analysed how the carbon footprint from the residential sector was 
studied (Section 4.2) and how the sustainability performance was assessed (Section 4.3.2.), by 
first analyzing the way the set-up of the two neighborhoods was performed (Section 4.3.1.). 
 

4.2. Objective 1 - carbon footprint from the residential sector 
Compare the carbon footprint of indicative residences for each kind of neighbourhood.  
 
In order for CO2 emissions from the residential sector to be defined, LCA data for indicative 
residencies that represent each urban form was necessary. Therefore, a representative building 
for each type of accommodation shelters (single- family and multi-family dwellings) was used for 
the assessment.  
It is assumed that the main construction material used for the residential sector of the low-rise 
urban form is wood, while for the high-rise one, concrete is massively used. This choice was made 
based on the most common material used for the buildings of each kind. Concerning high-rise 
structures, even though recently there has been an increasing interest and implementation of 
multi-storey timber buildings, concrete is the material that has always been preferred, basically 
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due to its energy efficiency benefits through the building’s operational phase, its affordability, 
abundancy and its handiness. Regarding the low-rise structures, historically and especially in 
Sweden, single-family houses have been made of wood.    

 

4.2.1. Multi-storey dwellings 

 
The CO2 emissions throughout the lifecycle of the residential buildings in the compact city were 
represented by Blå Jungfrun block, the buildings of which are chosen as a reference for the 
residential sector. It is a block located in Hökarängen, consisting of 4 contemporary high-rise 
passive buildings made of concrete, constructed by Skanska. Blå Jungfrun block is considered as 
being representative of the common multi-storey concrete buildings built today [“representativt 
för dagens byggnad av denna typ” (flerfamiljshus med lågenergi profil) (Liljenström C. , et al., 
2014)]. Here it is chosen mainly because there are detailed LCA reports about it, the results of 
the most recent of which were used unaltered (“Minskad klimatpåverkan från nybyggda 
flerbostadshus” (Malmqvist, Erlandsson, Francart, & Kellner, 2018)). 
The 4 buildings contain 97 apartments in total and can accommodate 330 inhabitants. 
 
Blå Jungfrun block characteristics:  
 
❏ Block’s gross area [BruTtoArea (BTA)]: 13000 m2 (VST Nordic AB, 2010) 
❏ Heated floor area [Atemp]: 11003 m2 (IVA & Sveriges Byggindustrier, 2014) 
❏ Occupancy: 330 residents/block (SvenskaBostäder, 2009)  

Living area [Abo]: 8200m2/block (for details, see Appendix A) 
❏ Primary Energy5  (according to (Malmqvist, Erlandsson, Francart, & Kellner, 2018)): 54 

kWh/(m2Atemp*year)  
❏ Energy use (according to (Malmqvist, Erlandsson, Francart, & Kellner, 2018)): 

● Building electricity: 8 kWh/m2/year 
● District heating, hot water: 25 kWh/m2/year 
● District heating: 17 kWh/m2/year 
● Electric heating: 4 kWh/m2/year 

 

 
5 excluding household electricity, but including operation for fans, pumps, etc. Calculated with the primary energy factor 1,6 for 
electricity 
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4.2.2. Single-family dwellings 

 
Due to lack of Life Cycle Assessments for single-family wooden prefabricated houses, one had to 
be briefly carried out. The calculation of CO2 emissions throughout the lifecycle of the residential 
buildings in the garden city was performed using Linnea house as a reference for the residential 
sector; a single-family, wooden prefabricated house, constructed by the company Älvsbyhus. It 
is chosen as one of the most sold single-family houses in Sweden, with a simple form (single-
storey) and a space capable of accommodating a whole family (4 people). 
 
 Linnea houses characteristics:  
 
❏ Building’s floor area [BYggnadsArea (BYA)] 6: 152,4 m2   
❏ Heated floor area [Atemp]: 129 m2 
❏ Occupancy: 4 residents/house 
❏ Primary Energy7 (according to specifications from Älvsbyhus): 61 kWh/(m2Atemp*year)  
❏ Energy use (according to specifications from Älvsbyhus): 

● Building electricity: 15 kWh/m2/year 
● Warm water use, specific: 18 kWh/m2/year 
● Heating including ventilation: 19 kWh/m2/year 
● Exhaust air heat pump Nibe F750 

❏ Material characteristics and designs: Appendix A 
❏ Foundation with prefabricated concrete beams and columns in a closed crawl space, 

insulated, dehumidified and drained. 
 
In order for the two types of dwellings to be comparable in a LCA perspective, Linnea’s LCA study 
was attempted to be designed so as to be compatible with the way Blå Jungfrun’s study was 
performed in the (Malmqvist, Erlandsson, Francart, & Kellner, 2018) report.  
 
In accordance with Blå Jungfrun’s LCA processed data “Minskad klimatpåverkan från nybyggda 
flerbostadshus” (Malmqvist, Erlandsson, Francart, & Kellner, 2018), the LCA stages analysed were 
A1-3, A4, A5, B2,4, B6 and C1-4. B1 phase, even if it was assessed in the SBUF report, was not 

 
6 gross area= (building’s exterior) + (open area) – (if the bottom part of the balcony is less than 3m height, then its area is also 
counted) 
7 excluding household electricity, but including operation for fans, pumps, etc. Calculated with the primary energy factor 1,6 for 
electricity 
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included in the Linnea LCA and not counted for the comparison, since its contribution is 
considered negligible. 

 
Figure 6: Life cycle stages as defined in the European standard EN 15978:2011 and marking of the assessed ones 

The software BECE (Basic Energy and CO2 Emissions for buildings) (Wallhagen, Glaumann, & 
Malmqvist, 2011) was used for the calculation of phases A1-3, while for the rest A4-5, B2,4, B6, 
C1-4 manual calculations were conducted, based on data from the Älvsbyhus company, and 
information found by literature review; or approximations were decided based on data from 
other similar constructions-in particular from the LCA results of the different building systems 
analysed at  the report “Minskad klimatpåverkan från nybyggda flerbostadshus” (Malmqvist, 
Erlandsson, Francart, & Kellner, 2018).   
However, it should be highlighted that special attention was given to the building parts included 
in the calculations for Linnea, in order for the exported values of Linnea’s LCA to be comparable 
to the Blå Jungfrun’s. Therefore, the whole building is assessed, including foundation, floor, roof, 
exterior (with windows and doors) and interior walls, ventilation and electricity equipment, but 
excluding potential parking space. Also, for the same purpose, the same life cycle stages were 
analysed as for Blå Jungfrun.   
It is also important to mention that both constructions have almost the same heated area per 
capita (based on their residential capacity, see Appendix A). For the detailed description of all 
LCA stages and assumptions, see Appendix A2 
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4.3. Objective 2 - Comparison of the sustainability performance 
Compare the sustainability performance (environmental and social) of the two urban forms. 
 
The accomplishment of this objective was performed in 2 parts which will be explained below. 
Sensitivity analyses are also performed on chapter 8, in order to aid in the critical assessment of 
the results. 
 
In order for the sustainability performance of the two urban forms to be assessed, it was decided 
that it would be useful if a plan for set-up of a default “garden-city”- and “compact city” - like 
suburban neighbourhoods was created, so that the features of the urban forms (see section 3.2.) 
could be explored beyond theoretical aspects and compared to criteria characterizing a 
sustainable neighbourhood. Then, in order for the sustainability features of the two 
neighbourhoods to be assessed, a certification tool for sustainable neighbourhoods was decided 
to be used, as a “measure of sustainability” within the planning process.  
 

4.3.1. Certification systems for sustainable neighborhoods  

Even though tools environmentally assessing and certifying buildings have been developed since 
1990s (BRE Trust, n.d.), it was not until the beginning of the 21st century that tools for 
environmental assessment in a neighbourhood scale (e.g. BREEAM-C8, LEED-ND9) started being 
developed. (Sharifi & Murayama, 2015). The neighbourhood sustainability assessment tools 
assess environmental and sometimes also social and economic sustainability aspects by providing 
a number of sustainability indicators and criteria that should be met, for neighbourhoods to be 
characterized as sustainable. This way they aid in the assessment and provision of guidance for 
sustainable urban development. (Wallhagen M. , 2016). Although recently created, studies have 
already focused on the comparison between different assessment tools for neighbourhoods, 
communities and districts, since these can provide guidance for decision makers, a fact that 
makes it crucial for sustainability assessment tools to be as efficient as possible (Wallhagen M. , 
2016). Recently, City Lab for Districts, (SGBC, CityLab, 2019), a new Swedish certification tool for 
neighbourhoods was developed, the latest version of which is the one published on April 2019, 
and is a referral version. 
The latest performance indicators developed by Sweden Green Building Council aim to evaluate 
the sustainability performance of a neighbourhood, from an urban development perspective. The 
majority of the indicators are directly related to various sustainability goals; thus, the same 
sustainability goals can be evaluated at the same time, through different indicators. (In the City 

 
8 Building Research Establishment Assessment Method for Communities 
9 Leadership in Energy and Environmental Design for Neighbourhood Development 
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Lab report, (SGBC, CityLab, 2019), the relation between the overall sustainability goals and the 
indicators is summarized). This is reasonable and can be explained by the fact that all 
sustainability aspects are interrelated and, sometimes, strictly categorizing them can be 
controversial. (SGBC, CityLab, 2019) 

The indicators that were decided by the SGBC to be included in the assessment for sustainable 
neighbourhoods concern both environmental and social aspects, but also, indirectly, economical 
aspects. The general indicators focus on sustainability aspects that are common within the whole 
country and, wherever this is relevant, requirement levels are set that should be met by all 
certified neighbourhoods. However, geographical differences between neighbourhoods create 
sometimes different requirements and their respective accordance levels can be modified. The 
decision on the indicators that are used within City Lab’s certification and assessment method is 
based on a compilation of indicators that are already used to measure sustainability in many 
different contexts, such as Agenda 2030, Sveriges miljömål, kommunala mål för hållbarhet, 
genomförda uppföljningar av stadsutvecklingsprojekt and indicators that are used in different 
research projects. (SGBC, CityLab, 2019).  
City Lab for Districts, (SGBC, CityLab, 2019), was chosen, as it focuses on the performance and it 
consists of a limited number of indicators, making it simpler. It should, however, be noted that 
the version used is the one published on April 2019, which is a referral version.  
  

4.3.2. Part I. - Default set-up of the neighborhoods 

It was decided to create a plan for a default set-up for each of the two types of neighbourhoods 
(a garden city- and a compact city-like suburban neighbourhood), with the same green area 
factor, located in the same suburban area of Stockholm, but accommodating different number of 
people, including estimation of all the necessary infrastructure. 
 
Both neighbourhoods were planned to meet criteria significant for sustainable neighbourhoods, 
such as the provision of basic commercial and public services and of meeting places, and an 
adequate Green Area Factor.  
In order for the two neighbourhoods to be comparable, it was decided that they occupy the same 
land area. However, since the accommodation capacity is by default different in these two urban 
forms, the number of residents could not be used as a stable factor for the comparison. 
Therefore, the extent of built-up land had to be defined (using the Green Area Factor (GAF)) in 
order to maintain the same land characteristics, while changing the format of the built-up land 
and the number of residents. The number of residents was calculated based on an iterative 
process, through the adaptation of the remaining land -from required services, facilities, 
transportation infrastructure and green and public spaces- to the fitting number of uniform 
residential units. 
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4.3.2.1. Selected area for the location of the urban forms 

 
The area selected for being the location of the two potential neighbourhoods is Ör situated in 
Sundbyberg municipality (see Figure 7 for the Sundbyberg map). Sundbyberg was chosen as there 
is plenty of geographical, demographical, transport and residential data available and it is a 
suburban area, close enough to the city center.  

 
Figure 7: Map showing areas’ borders in Sundbyberg municipalit (Isberg & Almström, 2017)  

Ör was thought to have an appropriate size of land area (646000m2=64.6ha, see Appendix B for 
the area measurement), suitable for this research project and easy access to the subway without 
it being within its borders. 
In both cases, Ör area was imagined as empty10, and it was then built-up either with plenty single-
family prefabricated wooden houses or with some blocks with concrete buildings, for the garden 
city and the compact city respectively. Both forms are designed to include educational, 
commercial and recreational facilities as well as public services.  
The requirement for a minimum GAF of 0.5 was set in this default plan, equal for the two urban 
forms, as in Sundbyberg, a GAF of at least 0.5 should be applied for all areas, excluding centrala 
Sundbyberg, Storskogen and lilla Alby. This GAF corresponds to all forms - areas planned with 
single-family houses, multi-family dwellings, commercial buildings ( Sundbybergs stad , 2013). 

 
10 without, however, suggesting the demolishing of existing neighbourhoods to make way for new development projects 
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The total green area in the built environment is included, such as private gardens, tree-lined 
boulevards, lawns, parks, green areas and natural areas close to communities. (Swedish National 
Board of Housing, Building and Planning, 2017). This prerequisite for a minimum GAF was set in 
the default plan and is sensitively assessed at section 8.3.  
 

4.3.2.2. Dwellings’ plot area 

 
I. Garden city dwellings’ plot area: 
The characteristics of the single-family dwellings of the default garden city are described in 
section 4.2.2. 

 
Figure 8: Representation of a house plot in the garden city (source: GoogleMaps) 

➢ All house properties are assumed to have the same size, and include a single-family, one-
storey house (see Figure 8) 

➢ Each house’s property area is assumed to occupy 700m2 (4.6 times larger than the land area 
occupied by the house itself) 

➢ The rest of the property area around the house is a private garden, except for 27m2 covered 
with gravel, used for parking of 1 car, and 17m2 for any other small hard-paved surface (such 
as the land for the entrance of the car to the carport).  

➢ Concerning the assumption for car ownership, space for 1 car per household (4 people) is 
provided for the sake of comparison with Blå Jungfrun’s garage estimation included in the 
SBUF report (Malmqvist, Erlandsson, Francart, & Kellner, 2018). According to this, 0.15 cars 
per person are assumed11, which means 0.6 cars per single-family house; thus, parking space 
for one vehicle is estimated.  

➢ The area occupied by the private garden is set as a default assumption, theoretically assessed 
in a sensitivity analysis, in the section 7.3. 

 
II. Compact city dwellings’ plot area:  

 
11 0,5 cars per apartment, as stated in the report, multiplied by 97 apartments and divided with 330 residents. 
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The characteristics of the multi-family dwellings of the default compact city are described in 
section 4.2.1. 

 
Figure 9: The actual Blå Jungfrun block plot (source: GoogleMaps) 

➢ All blocks are assumed to have the same size and include 4 multi-storey buildings comprising 
the Blå Jungfrun block area. (see Figure 9) 

➢ The land occupied by the whole plot where the Blå Jungfrun block area is located, is estimated 
using FreeMapTools (Free Map Tools, n.d.) and is estimated to be 8760m2. (see Appendix B) 
This plot consists of 4 buildings, green areas and paved areas. The plot’s coverage by green 
and paved areas was estimated using Google Earth.  

➢ In the case when garage is provided, this is an underground garage (SBUF, (Malmqvist, 
Erlandsson, Francart, & Kellner, 2018)), which does not contribute to the land use 
consumption.  

 

4.3.2.3. Estimation of land occupation by all the different features of the urban forms 

 
Land occupation by all features provided within the urban form was briefly estimated in order to 
decide on the extent of land that could belong to the residential sector.   
The decision on space occupied by commercial facilities and public services was based on other 
planning systems found on literature. Concerning the land occupied by transport infrastructure, 
data from Sundbyberg municipality were used and for institutional, recreational facilities and 
green public space, City Lab’s criteria (SGBC, CityLab, 2019) were used: both neighbourhood 
forms were designed to comply with the minimum standards set by City Lab for a sustainable 
neighbourhood (see description in section 4.4.2. and Table 2). 
Below at Figure 10 & Figure 11, the steps taken to perform the set-up of the two urban forms 
are described.  
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Figure 10: Procedure for the set-up of the default assessed garden city 

Having as a requirement the GAF calculated for the garden city, the same procedure was 
performed for the set-up of the compact city. 
 

 
Figure 11: Procedure for the set-up of the default assessed compact city 

 

4.3.2.4. Final land allocation for the two urban forms 
 
Following the principles described concerning the land occupation from the different 
neighbourhood functions, the land allocation was decided as depicted on the pie charts (Figures 
12 and 13), for the garden- and the compact- city respectively. For detailed calculations, see 
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Appendix B. Following these pie charts there is a comparative bar chart (Figure 14) for the land-
use consumption in the two urban forms  and a table (Table 1) summarizing the basic values of 
the two-default set-up neighbourhoods.  
 

 
Figure 12, Figure 13: Default set-up land allocation in the Garden city (left) & the compacti city (right) 

 
 

 
Figure 14: Graph showing the comparative land-use consumption of the two urban forms 
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Table 1: Summary the basic values of each urban form 

 
 
 

4.3.3. Part II. Assessment with sustainability performance indicators 

 
Having the two different potential neighbourhoods planned, and the respective GHG emissions 
from the residential sector, the sustainability performance indicators from CityLab (SGBC, 
CityLab, 2019) were used to assess and compare the features of the two urban forms.  
In particular, the indicators decided by (SGBC, CityLab, 2019) were used as a framework for 
sustainability aspects characterizing an urban form. It was therefore attempted to evaluate the 
two neighbourhoods in relation to each of those indicators, in order to conclude whether one or 
the other assessed urban form performs more sustainably.  
For most indicators, City Lab has set minimum criteria which should be fulfilled within a 
neighbourhood in order for it to be considered sustainable (see Table 2). These minimum criteria 
were used as a prerequisite for the decision of the minimum accepted (in terms of sustainability) 
land occupation by institutional, recreational facilities and green public space; while for the other 
features, the minimum criteria were used to evaluate how sustainably each of the default 
planned urban forms performs in relation to each indicator. This evaluation was performed either 
quantitatively (when it was possible and time efficient) or qualitatively, using systematic 
synthesis of literature regarding each indicator and/or statistics, municipality data or calculation 
tools.  
Since it was not feasible to evaluate the two neighbourhoods in practice (as they are imaginary), 
literature synthesis was extensively used, in order to explore the potential differences between 
the two urban forms within the various important sustainability aspects defined by CityLab (see 
section 6.2.2.). Research analyses and results from various studies were scrutinized, a process 
that ended-up in the forming of background section and section 6.2.2. The qualitative evaluation 
of the two forms in relation to the indicators is therefore based on the analysis-discussion 
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described in the previously mentioned sections and on critical assessment and combination of 
the findings. 
The following table depicts the methods used for the assessment of each indicator and the way 
the criteria set by CityLab were used. “Evaluation of performance in relation to criteria standards” 
means that it is evaluated how sustainable each urban form is compared to the minimum criteria; 
“qualitative” means that the performance in relation to the indicator is theoretically assessed, 
mostly based on literature review; “minimum requirement for the planning” means that the 
compliance with the criteria is used as a prerequisite for the default set-up of the two urban 
forms; and “qualitative comparative performance of the 2 forms” means that the two 
neighbourhoods are not assessed individually, but just in comparison with each other. 
 

Table 2: Way of evaluating the 2 urban forms with the sustainability indicators from CityLab as a framework 

 
 
As far as indicators “Range of services”, “Air quality” and “Travel habits” are concerned, it should 
be highlighted that the quantitative data extracted are representative for the condition that the 
default set-up neighbourhoods are located in Sundbyberg municipality. This is because the tools 
used required the input of a specific area.  
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In order for the number of children in the neighbourhood to be estimated, statistics from 
Sundbyberg were used (see Appendix B) 
In order for the number of vehicles per day (ÅDT) - from the most contributing road- to be 
estimated, Trafikalstringsverktyg provided by Trafikverket (Trafikverket, Version 1) was used, 
(suggestion from (SGBC, CityLab, 2019)). Inserted data (speed limit and width of the main road) 
to both calculating tools represent values extracted from Duvbo and Ör for garden- and compact-
cities respectively. The width of the road is measured from (Lantmäteriet maps, 2019),  double-
counting the distance from the nearest house’s facade to the center of the road.  
 
Concerning the indicator “Climate Impact”, since the two urban forms accommodate a different 
number of people, CO2-eq emissions per person are needed for the whole neighbourhood. 
However, the CO2-eq emissions calculated are limited to the residential sector within the 
neighbourhood. Concerning the remaining building infrastructure (facilities, services), CO2-eq 
emissions per person are assumed to be similar for the two neighbourhoods, since their size is 
adapted to the number of inhabitants and their performance is designed to comply with 
sustainability criteria. It is assumed that the same materials are used for their construction and 
all the processes are similar. As far as transport infrastructure is concerned, for simplicity no 
difference between the two neighbourhoods’ emissions is considered, although this is 
theoretically assessed in the section 6.3.2. below. 
 

4.4. Objective 3 - Critical Assessment and Discussion 
Discuss under which conditions the most sustainable urban form could be achieved. 
 
For the critical assessment of the results, literature study and sensitivity analyses were used to 
get to conclusions concerning the improvement potential of the two urban forms and suggestions 
on developing a sustainable urban environment. Sensitivity analysis (SA) is a typical measure to 
quantify the impact of parameter uncertainty on overall simulation/ prediction uncertainty 
(Zheng, Han, Tian, Wu, & Lin, 2014). It was chosen to be performed either in places where hot-
spots are identified, or where assumptions made could significantly affect the results or could 
easily be questioned. This is to observe the effect of changing important parameters, so as to be 
able to discuss the results. Literature study was used to support some qualitative statements and 
compare the validity of the resulted outcome.  
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Chapter 5  -     
Limitations-Assumptions 
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There are some limitations in the scope of this thesis and important assumptions have been made 
for conducting the research. Those are summarized below:  
 

● The case study is limited to the assessment of the two urban forms, each built up with 
one type of indicative housing and both located in Sundbyberg, Stockholm. 
 

● Even if usually the process of achieving urban compactness involves the re-use of land, 
more intensive use of urban buildings, sub-divisions and conversions of existing 
development and an increase in the density of population in urban areas (i.e. re-
urbanization) (Burton, 2000); (Shakibamanesh & Daneshpour, 2011), the compact city 
model assessed here is not considered to have the intensification level that is indicative 
of compact cities, as maintaining a green area factor above 0,5 was a prerequisite for its 
planning. However, all the assessment performed concerns suburban areas, where 
compaction is usually not so high as in the city center.  

 
● Usually garden cities comprise of a variety of housing types, all of them providing 

significantly more residential capacity and consuming less land per person than single-
family, one-storey detached houses, which is the house type that is assessed in this study. 
 

 
● It is assumed that the two housing types accommodate the maximum number of 

residents according to their design. 
 
● The whole study is limited in characteristics of developed countries and the specific case 

analysed has a strong localized character.  
 

● “Garden cities” and “Compact cities” terms in this study represent garden city-like 
neighborhoods and compact city-like neighborhoods respectively. 
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In this chapter, first the extracted data concerning the Blå Jungfrun will be presented (section 
6.1.), followed by the results from the analysis performed for this report regarding each 
research objective (sections 6.2. and 6.3.) 

6.1. LCA data extracted from the existing report about Multi-storey 
dwellings (Blå Jungfrun) 
In this section, the results data calculated in the last LCA conducted for the Blå Jungfrun, 
(Malmqvist, Erlandsson, Francart, & Kellner, 2018), using the most current, to that time, energy 
emission factors are presented. They are depicted in a format that allows comparison with the 
results from the LCA for the single-family houses (section 6.2.) 
 

Aggregate Data from existing Blå Jungfrun LCA (kg CO2eq/m2Atemp) 
 
Table 3: Contribution (kg CO2eq/m2, year) of the different phases of LCA to the GWP of Blå Jungfrun, over 50 years 

 
 
 

6.2. Compare the carbon footprint of the indicative residences of 
each urban form 
 
In this section, the carbon footprint, from a LCA perspective, of the two indicative residencies 
(Blå Jungfrun and Linnea) is going to be compared. First the results from the LCA conducted for 
Linnea house are presented (section 6.2.1) and then, in section 6.2.2., these are compared with 
the ones extracted from the report about Blå Jungfrun (section 6.1).  
 

6.2.1. Single-family houses LCA results 

 
In Figure 15; Error! Reference source not found. and Table 4 below, the results of the performed 
LCA are presented. For the analytical calculated emissions from each stage, see Appendix A. 
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Figure 15: Contribution (kg CO2-eq/m2, year) of the different parts of the house to the GWP, over 50 years 

 
Aggregate Results from Linnea LCA (kg CO2-eq / m2 Atemp) 

 
Table 4: Contribution (kg CO2-eq/m2, year) of the different phases of LCA to the GWP of Linnea, over 50 years 
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Figure 16: Relative contribution (kg CO2-eq/m2, year) of each stage of Linnea LCA to the GWP, over 50 years 

 

6.2.2. Comparison of Linnea and Blå Jungfrun LCA results  

 
In this section, the LCA data presented in sections 6.1. and 6.2.1. for Blå Jungfrun and Linnea 
respectively are being compared.  

 

Table 5: Climate impact of the two residencies on each LCA stage, and contribution of each phase to the total climate 
impact throughout the lifecycle (from cradle to grave) 
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Figure 17: Climate impact (kg CO2-eq/m2, year) of each life-cycle phase for the two residencies, over 50 years 

 
While the final (end-of-life) phase does not contribute so much to either of the two constructions, 
one can see that Blå Jungfrun’s construction phase is more impactful for the climate, while during 

the operation phase, Linnea’s value of GHG emissions is slightly larger.  Overall, as far as CO2-
equivalent emissions throughout the lifecycle of the buildings are concerned, the behavior of 

Linnea is environmentally friendlier. (see  

Table 5 and Figure 17 above).  
 
If the functional unit of the LCA of the residential units was changed to kg CO2-eq/resident/year 
instead of kg CO2-eq/m2Atemp, then we would observe that the same exact trend is followed 
(Figure 18 below), as it was expected, since the heated area per capita (m2Atemp) of the two 
constructions is almost the same (33.34 m2/resident for Blå Jungfrun and 32.25m2/resident for 
Linnea). 
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Figure 18: Climate impact (kg CO2-eq/resident,year)  of each life-cycle phase for the two residencies, over 50 years 

However, using this functional unit (dwelling’s carbon emissions per resident), one should also 
consider that these results concern different types of dwellings and different living space per 
inhabitant. In the particular cases, Blå Jungfrun provides 24.84m2 living space/capita (see 
Appendix A), while Linnea provides 32.25m2 living space/capita.12

         
This distinction could potentially affect the Indoor Environmental Quality of the dwellings and 
also the amount of operation energy owed to the living space (there is also the operational 
energy owed to the common spaces). 
 

6.3. Compare the sustainability performance (environmental and 
social) of the two urban forms. 
 
In Table 6 below, the different requirement levels (criteria) of the various indicators are briefly 
noted, together with the representative values calculated or assumed for the two 
neighbourhoods. Following this table, there is a -mostly theoretical- analysis for the performance 
of the two neighbourhoods, with the default chosen characteristics, in relation to each of the 
indicators. This section can be considered as part of discussion, since the significance of each 
indicator is also briefly discussed. 

 
12 The average living area in Stockholm and Sundbyberg is 33m2/capita. (SCB, 2016) 
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6.3.1. Summary of results 
 

Table 6: Table summarizing the numerical performance of the assessed neighbourhoods in relation to the 
sustainability criteria 

 
 

6.3.2. Analysis of the neighbourhoods regarding each sustainability indicator 
 
In this section, every assessed CityLab indicator is being analysed for both neighborhoods, 
describing how table 8 was formulated and explaining how the qualitative evaluation was 
performed.  



 

49 

● Security 
Security within an urban form (entailing safety from disorder and crime and trust among 
residents) plays an important role in creating a sense of community and sense of place in the 
neighbourhood (Bramley, Dempsey, Power, & Brown, 2009).  
This criterion is based on statistics from NTU (NTU statistics, 2007-2018), supplemented with 
questionnaires distributed to residents, in order to assess the actual feeling of security in the 
neighbourhood. However, since the distribution of questionnaires was not feasible in this 
project’s imaginary neighbourhoods, and for the sake of this thesis, national survey statistics 
were used to assess the security levels in the two neighbourhoods, together with theoretical 
aspects concerning security in urban forms. These statistics show that neighbourhoods with small 
houses fulfill the assessment criteria for security, while neighbourhoods with high rise 
constructions do not (for the respective statistics see Appendix B). This is a national survey; thus, 
the results are not affected by municipal localization. However, the feeling of security often 
depends on socioeconomic criteria, like housing tenure and social composition of the 
neighbourhoods, factors not directly related to urban form. (Jenks & Jones, 2010). 

Nevertheless, features of the urban form such as buildings’ orientation (windows directly 
overlooking streets and good condition of the built environment) have been claimed to 
contribute to residents' sense of safety (Bramley, Dempsey, Power, & Brown, 2009).  
 
 

● Trust in the neighbourhood 
Social networks are said to constitute “social support systems”, meaning that socialising and 
creating bonds with other people in the neighbourhood can affect various aspects of life, such as 
the sense of well-being and safety (Dempsey, Bramley, Power, & Brown, 2011). As with security 
above, neighbourhood trust can also depend on socioeconomic criteria, thus by factors not 
directly related to urban form. (Jenks & Jones, 2010).  

However, according to literature, there are several relationships between urban form and trust 
within the neighbourhood, mainly in relation to density, layout and land-use mix. For example, it 
is argued by some researchers that high-density, mixed-use environments with high-rise 
overlooking residences increase social interaction, as more people are using the streets 
compared to neighbourhoods with single-unit residences. However, other researchers, opposed 
to this claim (Dempsey, Bramley, Power, & Brown, 2011). 

The “sense of place” and “sense of community” can, to a large degree, define the level of 
satisfaction people have of the neighbourhood where they live. It is argued that these feelings 
are strongly related to the quality of the place, since neglected areas (e.g. dirty-littered and 
vandalised) create negative feelings for the built environment, which may cause reduced levels 
of safety thus lead to less social interaction and decreased sense of attachment to the place, 
resulting in a lack of sense of belonging. (Dempsey, Bramley, Power, & Brown, 2011). 
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Therefore, since no clear data or statistics exist for trust within the neighbourhood, the 
comparative result was judged as equal with an average performance for both neighbourhoods. 
 

● Meeting places 
In order for social interaction to be achieved, provision of meeting places is crucial. “Without 
social interaction, people living in a given area can only be described as a group of individuals 
living separate lives, with little sense of community or sense of pride or place attachment” 
(Dempsey, Bramley, Power, & Brown, 2011). 
This indicator’s criteria (minimum 15% of the area public open spaces, minimum 5% of the area 
green public space and availability for everyone and at any time) were used as a base for the 
planning of the two neighbourhoods. (see also Appendix B) 
 

● the garden city is planned with 15% of its area being public open space, which also 
includes pedestrian walkways between houses’ properties. At least ⅓ of this public open 
space is parks, unlocked courtyards and similar areas entirely characterized by vegetation 
with no hard-made land. For worst-case scenario, the green area is assumed the least 
acceptable, thus 5% of the total Ör area. 

● The compact city is also planned  with 15% of its area being public open space, but there 
is also free space within each block, corresponding to almost 20% of the total land area, 
half of which is considered as public open space, as the rest could be related to corridors, 
space in front of entrances, areas for garbage throwing etc. Furthermore, 38% of the 
neighbourhood is pure green areas, which could be forest or public gardens and similar 
areas entirely characterized by vegetation with no hard-made land.  

Concerning the third criteria, this is a qualitative indicator, which, provided that the planning is 
good enough, it should be met by both neighbourhoods. 
Overall, meeting places appear to be more in the compact city, which is also justified by the fact 
that more people are accommodated in the compact city-like neighbourhood. In the garden city, 
the public open space per person and the public green areas correspond to 39m2/person and 
13m2/person respectively. In the compact city, the corresponding areas account for 58 
m2/person and 47 m2/person respectively, which obviously are sufficiently larger than in the 
garden city.  Therefore, both in terms of per area and per person, it appears that meeting places 
areas are substantially larger in compact cities, provided that the planning has been focused on 
maintaining a specific amount of open vegetated areas, and not that the whole land is built as 
densely as possible (which is the case in densified compact city centers). This evaluation highly 
depends on the assumptions made while planning for the two neighbourhoods in section 4.3.2.  

 
● Range of services 
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Social equity and accessibility to facilities and services are important characteristics within an 
urban context, to ensure that there are no obstacles in the participation of residents to economic, 
social and political actions (Dempsey, Bramley, Power, & Brown, 2011). The built infrastructure 
(basic services and facilities, public transport infrastructure, walking and cycling routes, decent 
housing, green space) should be equitably accessed by residents in their everyday life. (Dempsey, 
Bramley, Power, & Brown, 2011). 
Moreover, as it is analysed in section 3.2, a mixed-use environment is essential in order for the 
distances traveled by residents to be reduced and to be possible to be easily met on foot or by 
bicycle.  
This indicator’s criteria (minimum 30m2 outdoor space per child in preschool facilities and at least 
a basic level of various forms of services are provided) were used as a base for the planning of 
the two neighbourhoods. (see also Appendix B) 
In particular, the basic institutional facilities and commercial and public facilities and services 
(Grocery Store, Restaurant / Café, Package / Post Office, Pharmacy, Own Supplement, shops, 
healthcare, social services, gym) were provided as depicted on the Table 7 below. The closed 
area of the institutional facilities is assumed to consist of 2 floors for both urban forms. 
Concerning the commercial and public facilities, these are located in low- and high-rise buildings 
in the compact city, while in the garden city they are located in one or two - floor constructions.  
 

Table 7: Land occupation by services and facilities in the two urban forms 

 
 
Overall, both neighbourhoods contain the basic levels of public services and commercial and 
institutional facilities, which are representative of the number of their residents. It is obvious that 
the institutional facilities provide more space for each child in the garden city, and commercial 
and public facilities are approximately giving access to the same area per person in the two urban 
forms.  However, it should be mentioned that the values were chosen as estimations (high 
uncertainty for these numbers). As far as commercial and public services per area are concerned, 
compact city is providing 3 times more gross services area than the garden city.  
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This evaluation, as the above one, highly depends on the assumptions made while planning for 
the two neighbourhoods in section 4.3.2. 
In general, higher population density urban forms are proven to better support mixed-use 
environments, due to higher demand for those. However, even for medium population density 
urban forms, if a critical population limit (which however is not easily or concretely defined) is 
met, and, provided that a proper urban planning is performed, an adequate range of services 
could be supported. Either way, the term “garden cities” includes a mixed land-use environment 
(tcpa, n.d.), thus if planned according to the characteristics of this term, a range of services is 
necessary.  

 
● Air quality 

The air quality is assumed to be deteriorated mainly through emissions from roads (traffic) (SGBC, 
CityLab, 2019). Therefore, this is the only factor assessed.  
As suggested by CityLab, a tool calculating particles’ concentration (SMHI, 2019) was used to 
assess the air quality in the two neighbourhoods (objective estimation). 
 

● For the neighbourhood with single-family houses, using Duvbo as a reference for the 
speed limit (40km/h on the main road) and the width of the roads (16*2=32m merely), 
and having the ÅDT calculated as stated in the methodology section 4.2.2. 
(Vehicles/day=3930), the tool (SMHI, 2019) was used to reach the following results: 

1. Nitrogen dioxide, hourly mean value is in 98% less than 30 µg/m3  
2. Nitrogen dioxide, annual mean value is lower than 15 µg / m3 
3. Particles PM10, daily average is in 90% lower than 15 µg / m3   

      4.   Particles PM10, annual mean value below 12µg / m3  
Therefore, everything is within the safety limits.  

● For the neighbourhood with multi-family buildings using Ör as a reference for the speed 
limit (50km/h on the main road) and the width of the roads (8.9*2=18m merely), and with 
having the ÅDT calculated as stated in the methodology section 4.2.2. 
(Vehicles/day=10130), the tool (SMHI, 2019) was used to reach the following results: 

1. Nitrogen dioxide, hourly mean value is in 98% between 54-62 µg/m3  
2. Nitrogen dioxide, annual mean value is 15-22 µg / m3 
3. Particles PM10, daily average is in 90% above 29 µg / m3   
4. Particles PM10, annual mean value is 16-20 µg / m3  

Therefore, considering the safety limits,  
1. is above limit (30), 2. is on limit (20), 3. is above limit (15) and 4. is on limit (20) 
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Overall, some values for the compact city are above the safety margin for air quality and some 
others just on the margin, but everything is within the general limit values for particle 
concentration.  For the garden city, no limit is exceeded.  
See Appendix B, Part II for data.  
However, it should be noted that these results are highly dependent on localization, since the 
data examined (speed limit and width of the main road) are from the actual road network of Ör 
and Duvbo. Nevertheless, as stated even in the CityLab report (SGBC, CityLab, 2019) “large traffic 
flows, narrow streets, higher buildings and long quarters provide higher levels than small traffic 
flows, wide streets, lower buildings and short blocks”, which is representative of the results. This 
criterion cannot be deducted to air quality per person, as the air quality is a characteristic of the 
area. 
 

● Travel habits 
Based on the calculations with the trafikalstringsvertyg (Trafikverket, Version 1), the proportion 
of trips with every mode of transport can be observed. 

 
Figure 19: Proportion of trips with each mode of transportation for each urban form (left: Compact City; right: Garden 

City)  (result by trafikalstringsvertyg (Trafikverket, Version 1)  

It can be observed that as the area is small enough, commuting within the neighbourhood is 
performed in its majority on foot in both cases. However, it must be highlighted that people in 
the compact city use public transportation to a higher level compared to garden city, since the 
residents of the latter are more attracted by cycling, probably due to the favorable planning for 
bicycles and the roads planning.  
These results, however, are representing the planning systems decided at section 4.3.2., and data 
from the areas of Ör and Duvbo.  
Travel behavior has been one of the most discussed issues when discussing sustainable urban 
planning. After the publishing of a book studying the automobile dependency in cities (Newman 
& Kenworthy, 1989), which highlighted the association between fuel consumption and urban 
density, a vast amount of other research studies followed, some of which strongly criticized the 
work by Newman and Kenworthy for lacking considering other aspects of urban life -other than 
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urban density- that could influence travel behavior, such as government policy, salaries, transport 
costs, and attitudes towards transportation (Woods & Ferguson, 2014). 

Later, in some subsequent studies, no significant relationship has been found between urban 
form and travel habits; however, the majority of subsequent research has reached the conclusion 
that mixed-use and high density urban features, when combined with a grid street pattern create 
the conditions for fewer car trips or less distance traveled by car and that mixed land-use forms 
combined with higher residential densities and being closer to urban centers can reduce the 
demand for car trips. (Woods & Ferguson, 2014). 

However, this association does not imply that there is a causal relationship between urban form 
and travel habits (Handy, Cao, & Mokhtarian, 2005). 

Furthermore, there are only few studies that demonstrate how the changing of the built 
environment could affect travel behaviors and thus the influence of modifying the urban form to 
changing travel habits is not evident.  
Finally, intensification aimed for compact cities, entails not only potential benefits related to 
reduced distances traveled, but also increased number of residents in the area. Therefore, if the 
functional unit considered is the area, then in order for the net distances traveled in the area to 
be reduced, there should be a significant decrease in the distances traveled per person so as to 
compensate for the increased population. Otherwise, adverse impacts such as congestion and 
poor air quality will remain an unsolved issue. (Woods & Ferguson, 2014). 

According to (Jenks & Jones, 2010), it is found that lower population densities and longer 
distances from the city center are related to higher car ownership levels, a phenomenon that can 
be explained in various ways. High population densities create the necessary demand for a wide 
range of services and facilities available locally, and for an efficient public transit system. In 
addition, limited car parking areas and regulatory control can potentially decrease the desire for 
car ownership. However, household income is also found to significantly influence car ownership 
levels and trips frequency, but not travelled distances. (Jenks & Jones, 2010). 

Assuming that car ownership follows the same trend for the two urban forms, what could be 
assessed is the preference for using private vehicles and the distance traveled by them. Since 
both neighbourhoods are planned with the basic services easily accessible within the area, trips 
by car or other means of transportation would mainly concern work-related or visit trips. A 
compact city could probably provide more frequent public means of transportation-due to larger 
demand, but an efficient planning with synchronised timetables and increased connectivity to 
nearby subway stations could end up being more beneficial factors than frequency. What is more, 
encouragement of cycling in the garden city’s grid road system -as can also be observed in the 
results from trafikalstringsvertyg- creates the possibility of choosing a private transportation 
means, which, however, is sustainable. But, as mentioned before, even if the distances traveled 
by car are reduced per person, the total distances traveled are directly related to the population 
density. Therefore, if it is assumed that due to higher frequencies, or even possibly the provision 
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of subway within the area, people would use more public transportation in the compact city, the  
total car use would probably remain unchanged or even worsen with the increased population, 
if it cannot be compensated by the mentioned reduced car use. In the particular studied example, 
trips with car hold the same-for the two neighbourhoods- percentages of all trips in the area; 
however, the number of trips is 2.5 times larger for the compact city (as is the population). This 
means that car trips per person are the same, while per area in the garden city less car trips are 
observed.   
 

● Energy use in buildings 
Buildings’ energy use is one of the main studied characteristics of buildings, in order to reduce 
climate impact related to operational energy demand. Nowadays, there is a requirement for 
passive houses for a maximum final energy use for space heating and domestic hot water of 55 
and 65 kWh/m2, in the south and north climatic zones of Sweden, respectively. (Gustavsson & 
Joelsson, 2010). The buildings assessed here are only the residential, since for the purpose of 
comparison, the local buildings are considered to consume the same amount of energy per 
m2Atemp.  
Declaration for Linnea states that it belongs to energy class B and Blå Jungfrun is also low energy 
building, so they both comply with the criteria. All the public buildings are also assumed to have 
been designed energy efficiently.  
In particular, 

● The Blå Jungfrun has a specific energy consumption of 54 kWh/m2Atemp/year (excluding 
household electricity) 

● The Linnea has a specific energy consumption of 61 kWh/m2Atemp/year (excluding 
household electricity) 

Therefore, both are low energy buildings, but the Blå Jungfrun behaves better, partially due to 
the thermal mass of the concrete.  
 

● Climate Impact 
 

- From Residential Buildings 
The climate impact from the residential buildings was thoroughly analysed, although only one 

type of building is assessed for each urban form. In section 6.2.2.,  

Table 5 was presented depicting the comparison of the values of carbon footprint per m2 Atemp 
of the two indicative residencies. In Table 8 below, the carbon footprint from the residential 
sector of the whole neighbourhood is presented, as well as the carbon footprint per resident. 
The carbon footprint per area is strongly dependent on the number of residents, and a higher 
population density area’s carbon footprint from the residential sector would unquestioningly be 
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larger; the carbon footprint per person, however, is a more objective measure to assess the 
carbon footprint of the residential sector in an urban form.  
As can be observed in Table 8 below, when discussing carbon footprint per person from the 
residential sector of the whole neighbourhood, the compact city has 1.5 times higher emissions 
than the garden city. Regarding carbon footprint per area, we can see that the garden city 
performs much better (3.5 times less carbon emissions).  
 

Table 8: Carbon footprint from the residential sector, per m2, per resident and per neighbourhood for the two 
compared neighbourhoods 

 
 

- From Local Buildings/premises:  
Due to non-particular assessment of local buildings, these are assumed to have similar emissions 
per person in the two neighbourhoods, complying with all the criteria for environmentally 
friendly buildings. However, if the functional unit was emissions per neighbourhood, then the 
garden city would perform better, as fewer square meters of local buildings are needed. 

- From transport infrastructure:  
Transportation infrastructure land consumption is estimated as an average within Sundbyberg’s 
borders. In the garden city planning, grid planning of roads would mean more but smaller roads 
in the core of the neighbourhood, which, eventually is uncertain if it occupies more or less land 
than the average. However, if the average is assumed, as here, the CO2 emissions/person from 
road infrastructure would be larger for the garden city, because it consists of less inhabitants 
while CO2 emissions/area would be the same. Also, maintenance requirements could possibly 
cause more emissions for all the small - difficult to approach with machines, many networks of 
the garden city. Following the same perspective, however, maintenance of large highways in 
compact cities could result in extensive resources use and dysfunctionality of the road causing 
congestion. 
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● Biodiversity, stormwater management 
Biodiversity and stormwater management are not directly studied in this project. Although there 
is a requirement for provision of a minimum percentage of green areas for both neighbourhoods, 
the effects that these have on biodiversity and stormwater management for each urban form are 
not assessed. However, in general, compact cities - if having been planned with requirements for 
minimum green surfaces- have the majority of their green areas gathered in specific places, often 
isolated, while the rest area is densely built-up (C.Y, 2004). On the contrary, garden cities are 
characterized by green surfaces surrounding and being integrated to the built-up areas.  
From an ecosystem services perspective, carbon sequestration, stormwater interception, climate 
regulation and biodiversity potential, are directly affected by the availability and type of 
vegetated surfaces (Tratalos, Fuller, Warren, Davies, & Gaston, 2007). 

While in garden cities the provision of vegetated ground cover is apparent in all places, its most 
part is comprised of a variety of grass or bushes, and sometimes trees, within the closed private 
garden areas.. On the contrary, in compact cities the area provided for representing green land 
could be consisting of large parks with different kinds of vegetation, or even forests. Therefore, 
there are different benefits regarding ecosystem services associated to each urban form, since 
the spatial configuration and the type of vegetation differ. These, however, are not assessed 
here. 
In this study, the green areas corresponding to each person, with all the associated benefits, are 
rather greater in garden cities, since the same GAF is provided in the same area and less people 
are accommodated. 
 

6.3.3. Resulting comparative performance of the two urban forms 

 

Two comparative tables (Table 9 and Table 10 below) were created to better describe the results. 
In order to derive the colorful evaluation of the qualitatively assessed indicators, combination, 
comparison and critical assessment of various research studies were performed. The most 
important of those are summarized in section 6.3.2. 
The first table (Table 11) consists of sustainability performance analysis of the two default 
neighbourhoods, as they were planned in this particular project - default setting (section 4.3.2.). 
The assessment scale is related to the CityLab criteria, and “average” means that the criteria are 
just met. Below average (bad, very bad), the criteria for sustainable neighborhoods based on 
(SGBC, CityLab, 2019) are not met. When the urban forms perform both either above or below 
average, the judgement as good/very good or bad/very bad is based on their comparative 
performance.  
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The second table is purely based on literature synthesis and in comparing the two urban forms 
from a qualitative point of view, based on data from different studies (based on the background 
section (chapter 3), on the discussion section 6.3.2., and on critical assessment). The assessment 
scale is comparative, and “similar” means that no significant differences between the 
sustainability performance of the two urban forms have been observed. Here, the urban forms 
are in their most common appearance: garden cities are the modern “original” ones with a 
mixture of low-rise (up to 4 floors) houses, but with emphasis on single family detached houses; 
there is a lower range of services but all the other features are the same. Compact cities are 
denser and lack green space requirement. 
In both tables, the performance of the urban forms is assessed both at area level and at residents’ 
level. This means that each urban form gets a “grade” for each sustainability indicator in relation 
to its overall performance regardless of the number of residents; as well as in relation to its 
performance per resident in the neighbourhood.  
 

Table 9: Performance (both per person and per area) of the two assessed in the default analysis urban forms, in 
relation to the CityLab criteria. 
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Table 10: Comparative performance (both per person and per area) of the most common type of Compact cities and 
Garden cities, based on literature review 

 
 

In overall, even though there is a high uncertainty, especially for some of the indicators, it can be 
observed that: 

- Compact city performs better in criteria such as meeting places and range of services, 
criteria which are related to population and housing density, which, if lacking, create the 
need for increased transportation, thus increased emissions. 

- Garden city performs better in criteria related to climate impact from construction and to 
provision of nearby green areas. And, of course, since less people are accommodated and 
less built gross areas are needed, it appears to be more sustainable when assessing it 
independently of its accommodation capacity. 

- Both this particular analysis, and the comparative theoretical analysis resulted in the 
same qualitative conclusions. In terms of sustainability per person it can be said that the 
two neighbourhoods behave similarly in overall, while in terms of sustainability per area, 
it is obvious that the garden city is performing better, which can easily be explained and 
simultaneously compensated by the provision of accommodation for more people. 
Therefore, it can be concluded that since the two neighbourhoods have different 
characteristics, the impact of which to sustainability can vary from very beneficial to very 
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“dangerous”, it is not wise to pick the best urban form, but to attempt to integrate these 
two urban forms, taking advantage of the beneficial elements of each one.  

 
Household waste and public consumption were not assessed in this project. However, both these 
indicators can be categorized within resident’s response to sustainable development, which is 
strongly related to all the socioeconomic criteria described in chapter 3 and in section 6.3.2. 
Stormwater management and flood risk were neither assessed. 
Concerning mixing of homes and noise, they were not assessed in the default analysis, because 
of the nature and the time limitations of the master thesis. However, these were assessed for 
deriving Table 12, since the typical forms of compact cities and garden cities have some clear 
characteristics that allow for their comparative evaluation.   
In general, compact cities are planned exclusively with multi-family high-rise buildings, while - as 
observed from section 3.3.3. - garden cities are planned to contain mixed-tenure and various 
housing types, though with a focus on low-rise structures. Therefore, garden cities probably have 
a benefit compared to compact cities in relation to variety of housing choices for the residents.  
Concerning noise, in most cases, it can be assumed that it is primarily traffic that constitutes the 
noise source. (SGBC, CityLab, 2019). Therefore, the increased traffic on the wide roads of the 
compact city will cause increased noise levels in the particular areas where these are located. 
However, this increased traffic would be caused by the increased population.  
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Chapter 7 -    
Sensitivity Analysis 
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As mentioned in section 4.4., in order to observe how the choice of important parameters could 
alter the results and to be able to discuss the outcome, sensitivity analysis was performed in 
places where hot spots were identified, or where a high uncertainty was apparent, due to many 
assumptions. Therefore, in the following sections, five different questions are posed focusing on 
how a different choice of parameters would differentiate the results. 

7.1. How could different fuels or modes of transportation affect the 
LCA emissions at A4 stage of Linnea? 
Since it was observed that transportation of the modules to the construction site contributed to 
a large extent to the production – construction emissions, it was decided that a sensitivity analysis 
is performed for different modes and fuels of transportation. 
 

 
Figure 2020: Emissions from transportation of the modules with different methods 

 
One can see that even the most contemporary form of diesel13 can result in almost 9% lower 
emissions than with the 100% fossil diesel used in the default analysis. If rail is used instead for 
the transportation of foundation parts and modules, then the respective reduction of emissions 
is 62%; and if Hydrotreated Vegetable Oil is used as biodiesel fuel for the trucks14, then a 
reduction of 87% is observed. 
 

 
13 The value (gCO2-eq/MJ) was taken from (Energimyndigheten, 2018) 
14 The value (gCO2-eq/MJ) was taken from (Swedish Environmental Protection Agency, 2018) 
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7.2. How does concrete affect the compact city results?  
 
If instead of the original Blå Jungfrun, Lindbäcks construction (as described in the SBUF report 
(Malmqvist, Erlandsson, Francart, & Kellner, 2018)) was used as a multi-family indicative 
residency for the compact city, then how would the results be affected? 
 
Lindbäcks construction is used as an indicative system for prefabricated volume elements made 
of wood, which can support the construction of a multi-family dwelling. In the (Malmqvist, 
Erlandsson, Francart, & Kellner, 2018) report, Lindbäcks construction was projected to the same 
reference house as for Blå Jungfrun’s construction, thus the space occupied and the Atemp 
considered are the same for the two systems, as well as the number of inhabitants that they can 
accommodate.  
In Figure 21 below, the results for Lindbäcks’ LCA from the SBUF report are compared with the 
respective results from Linnea and Blå Jungfrun, showing the contribution of each LCA phase to 
the total carbon footprint of each construction. Then, in Figures 22 & 23, two diagrams are 
presented depicting the comparative carbon footprint of all three constructions throughout their 
lifespan. It is obvious that the wood framed multi-family dwelling (Lindbäcks) results in much 
better performance regarding carbon equivalent emissions throughout its lifespan than the 
concrete-framed one (Blå Jungfrun). However, Linnea still performs better, because of its lower 
contribution to A1-3 and A5 emissions. On the neighbourhood scale, as can be observed, there 
is a significant reduction (almost 20%) in the emissions per resident per year in the whole 
compact neighbourhood if instead of Blå Jungfrun, Lindbäcks system is constructed. It is also 
obvious that a noteworthy decrease in the emissions of the whole neighbourhood is occuring, 
which now approaches the emissions of the garden city (2.8 times the garden city’s emissions, 
while for the compact city the respective value was 3.5; these two compact cities have the same 
residential capacity (2.4 times the capacity of garden city)). A table with all the values is presented 
on Appendix C.  
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Figure 21: Carbon footprint of the 3 different residencies per m2Atemp 

 

 
Figure 22 & Figure 23: Carbon footprint from the residential sector, per m2 (left) and per neighbourhood (right) 

7.3. How does the choice of land use affect the results? 

7.3.1. Population density and meeting places for the garden city 

What if detached single-family houses were not built that close to each other so that more 
meeting places were provided to improve this sustainability indicator’s performance? 
 
If exploitation ratio (from the residential sector) was reduced for the garden city, then less people 
would be accommodated, but more public open spaces (green and paved ones) could be 
provided, as meeting places. The planning proposed for the garden city is considered to be the 
denser (in terms of housing) possible for this kind of low-rise constructions and with the 
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prerequisite of a GAF above 0,5 on land (excluding possible green roofs). Still, if exploitation ratio 
is reduced to a value not lower than 0,23 (the default is 0,26), the resulting density would be 31 
persons/hectare, which means that it still meets the requirements for efficient services and 
transportation according to an estimation from Rådberg (Rådberg, 1994). The space that would 
be released for open public spaces is 82600m2. (For calculations see Appendix C). This in turn, 
would benefit the results of the “meeting places” indicator. 
 

 
Figure 24: Meeting places and house plots land consumption (%) in the default and in the sensitivity analysis 

 

7.3.2. Provision of basic services, facilities and meeting places in garden cities 

 
It is supposed that basic services and facilities are provided within the garden city so as to comply 
with the performance indicators for a sustainable neighbourhood. However, the exact land and 
gross area occupied by them, cannot be estimated with certainty. Thus, both exploitation ratio 
and density factor (less space occupied by services could mean more space available for 
residencies or for open spaces and vice versa) are affected. Also, if it is assumed that the 
population density remains unaltered but there is a need for more meeting places, then there 
would be a reduction of the land occupied by services, thus increasing social interaction 
possibilities but decreasing the possibility for  meeting the commercial-service needs of 
residents, probably resulting in more transportation to other places. However, if planned 
carefully to adequately respond to the demand for facilities, there would still be a chance for 
supporting an adequate range of them within the area limits. 
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7.3.3. Prerequisite for GAF above 0,5 for both forms and space occupied by private 
gardens in the garden city 

- What if the requirement for the GAF was succeeded either with implementing green roofs or 
with more public green spaces, reducing the private gardens’ space? 
 
The same value of GAF could be achieved in both neighbourhoods using green roofs instead of a 
part of green land area.  
This way, the compact city model (which could also integrate green facades) would be possible 
to accommodate even more people, (thus getting more compact), but have less meeting places 
for recreational and other services, and all the drawbacks related to increased population.  
The garden city model was created with a prerequisite that 70% of the houses’ property plots is 
covered with gardens (vegetated surfaces). This meant that in the default analysis, apart from 
the space occupied by the house itself and the parking lot (for one car), only 17m2 are available 
for hard-paved surface inside the plot. If it was assumed that 100m2 (not the whole area) of each 
roof was planted, then 100m2 could be released from the plot land for any other desirable use. 
However, it should be noted that the variety of planting on ground cannot be achieved on roof, 
thus the biodiversity results could probably be affected by this exchange. 
An increase in the public green space in order to compensate for more hard-surfaces available 
within the private space, would request more land, therefore release of land occupied by 
residencies, which leads to the above subject discussion (section 7.3.1.) 
 
- What if the GAF requirement was reduced to 0.41? 
 
The results could vary significantly. In particular, with a GAF of 0.41, the compact city could have 
36 blocks instead of 18 (double), thus accommodating 11880 residents, assuming that all the 
provided facilities and services and the land use from the road infrastructure sector remain 
unaltered. This way, the drawbacks would be that meeting places per person as well as services 
and facilities per person would be reduced, less meeting places will be provided per area, 
potential increase of traffic per area could be noticed, increased emissions per area from the 
residential sector, and green spaces will be reduced both per area and per person (significant 
reduction). The benefits would include larger population capacity of the neighborhood, less 
emissions per person from the road infrastructure sector, and all the advantages related to more 
compact cities, like probably more efficient public transportation resulting in decreased levels of 
car use per person and increased social interaction due to increased population in the area. Of 
course, other solutions could be also mentioned, such as provision of less blocks than 36 (for 
example 25) with respective increase in services and facilities’ land use, thus preserving the same 
ratio of services per resident as in the default analysis. However, for the purpose of this master 
thesis other scenarios are not going to be assessed. This form with 0.41 GAF, probably is closer 
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to the current suburban compact cities, thus can be related to the assessment performed in the 
previous section 6.3.2.  
For the garden city, a GAF of 0.41 would result in 50% of the plot being a vegetated area, while 
leaving 170m2 unconfined. This would mean less green area both per person and per area, but it 
would not affect (directly) any other factor than biodiversity. 
 

7.4. How does the choice of energy supply system affect the 
results? 
 
The choice of fuels and sources of electricity used can affect significantly the amount of CO2 
emitted, as different fuels emit different quantities of carbon per unit of heat released in 
combustion. Also, the choice of method for the conversion and distribution of energy to its final 
use can result in different quantities of burned fuel required for the provision of the same end-
use service. The energy mix in the district heating production and the electricity mix used in this 
project are the ones used at the (Malmqvist, Erlandsson, Francart, & Kellner, 2018) report, thus 
Nordic electricity mix is used for the electricity supply and Swedish average value for district 
heating the emissions of which are 102gCO2-eq/kWh and 62gCO2-eq/kWh respectively. However, 
the Swedish electricity mix has a carbon equivalent emission factor of 33.4 gCO2-eq/kWh15. 
Therefore, if instead of the Nordic el mix, the Swedish el mix is used, then there would be 
significant changes in the operational phase emissions of the single-family houses. The result for 
B6 phase would be 68.4 kg CO2-eq/m2, instead of 209.1 kg CO2-eq/m2 (Figure 25), which means 
67% reduction in carbon dioxide equivalent emissions.  

 
Figure 25: Linnea’s GWP using Nordic electricity mix and Swedish electricity mix 

 

 
15 according to IVL, found from the BECE database 
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Concerning the comparison with Blå Jungfrun, if the amount of electricity bought was considered 
having the Swedish emission factor, while district heating emissions were kept unaltered, the 
result for B6 would be 146.8 kg CO2-eq/m2 (instead of 188kg CO2-eq/m2), which is slightly more 
than double the operating emissions of Linnea. In that case, the results concerning the emissions 
from the residential sector would be even more beneficial for the garden city than in the default 
analysis. (Figure 26 below). 
 

 
Figure 26: GWP of the two residencies, if Swedish el.mix was used for their emissions calculation 

 

7.5. How does the provision of parking space affect the results? 

In the (Malmqvist, Erlandsson, Francart, & Kellner, 2018) report, a calculation of the climate 
impact of providing parking on the ground level of the multi-family dwellings was performed, 
assuming 0,5 cars per apartment, which means approximately 0,15 cars per person, since there 
are 97 apartments which accommodate 330 residents. Therefore, the respective ratio for the 
single-family houses would be 0,6 cars per house, so space for one car was considered for the 
purpose of comparison.  
For Blå Jungfrun, the value of emissions from phases A1-5 for the construction of the underlying 
garage calculated from the (Malmqvist, Erlandsson, Francart, & Kellner, 2018) analysis was 48 kg 
CO2-eq/m2Atemp. This includes all construction works and materials (excavation, reinforcement 
for exterior walls, beams, columns and ramps, insulation, ventilation, etc.). 
For Linnea, the space considered for car parking is a 27m2 space inside the house property, on 
which a wooden carport is constructed with walls at its three sides and a roof with tiles so that it 
is compatible with the house. It has eight post holes filled with concrete and the whole area is 
covered with gravel. The resulting emissions from its construction phase A1-5 are estimated to 



 

69 

be 9 kg CO2-eq/m2Atemp. (where Atemp is the heated area of the Linnea house, 129m2). (See 
Appendix C)  
Of course, the garage provided for Blå Jungfrun residents is - in contrast to the carport considered 
for Linnea- completely protected from extreme weather phenomena, since it is a complete 
construction, and it does not consume land space.  
A complete free-standing garage could have been considered for the Linnea house as well, but 
this would require a concrete slab or a foundation similar to the crawl space foundation of the 
house, which would be more carbon emissions intensive. However, the roof could be covered 
with solar cells instead of tiles, creating benefits for the whole construction. 
It should be noted that the assumption for 0.15 cars per person does not entail a suggestion. The 
particular value was used exclusively for the comparison performed. However, for the garden 
city, another assumption could also be made: some houses’ residents could be considered to not 
possess any private vehicles so that the final result would actually be 0.15 cars/person in the 
garden city as well. Nevertheless, for simplicity and uniformity one car per family was assumed.    
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Chapter 8 -   
Discussion-Suggestions 
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8.1. Relationship between Urban form and Sustainability 
The relationship between urban form and sustainability is complicated as was discussed in the 
Background (section 3). Therefore, the search for the most sustainable urban form has been 
intense and the possible conclusions controversial. 
After many attempts to discover the “ultimate sustainable urban form, the search perhaps now 
needs to be reoriented to the search for a number of sustainable urban forms which respond to 
the variety of existing settlement patterns and contexts that have been identified”. (Jenks, Burton, 
& Williams, 1996). “Research indicates that there are unlikely to be single spatial or physical 
solutions, rather that there may be many forms that can achieve sustainability, depending on the 
context in which they are applied” (Jenks & Jones, 2010). 
Our results can be interpreted in exactly the same way as the above-mentioned extracts.   
It is now clear that the perspective “one size fits all” does not apply to urban forms. It is necessary 
that a variety of environments are provided for different population groups, their needs and 
lifestyle choices.  
 

8.1.1. Usefulness of CityLab indicators  
 
As mentioned in section 4.3., in order to compare the sustainability performance of the two 
urban forms, it was thought that a certification tool would be useful to measure how sustainable 
each neighbourhood is. However, since the assessed neighbourhoods do not physically exist, real 
values could not be measured, and questionnaires could not be distributed to residents to get 
their insight on social aspects. City Lab for Districts, (SGBC, CityLab, 2019), consisting of a limited 
number of indicators, referring to various sustainability goals, was chosen for the purpose of this 
master thesis. The variety of environmental and social aspects that the tool is taking into 
consideration together with the minimum criteria set in order for a neighbourhood to be 
characterized as sustainable, enabled the setting of a framework to base the comparison 
between two urban forms and the final assessment of the relation between urban form and 
sustainability. As presented in the results (6.3.2.) section, based on the area, the residents, and 
in general the context of each neighbourhood, each sustainability indicator can correspond to 
different results; but at the end, when combining the performance relating to each aspect, the 
two neighbourhoods perform equally sustainably per person.   
If not for this tool (CityLab for districts), other tools could be used, as also mentioned in section 
4.3., which however, could be more complicated for the purpose of this thesis. Nevertheless, one 
could also consider using the “Elements of urban form” analysed in section 3.2. as a framework 
to facilitate the assessment. However, the desire was to not only theoretically assess the 
differences between compact and garden cities in relation to sustainability, but to attempt to 
approach two imaginary neighbourhoods as realistically as possible. The minimum criteria 
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together with methods proposed by CityLab to measure sustainability for some indicators, 
appeared very useful in the setting and assessment of the two neighbourhoods and the 
evaluation of the relationship between urban form and sustainability.  
 

8.2. Discussion concerning improvement of the two urban forms 
based on results and sensitivity analyses 

8.2.1. Knowledge acquired through the performed default analysis 

After conducting the analysis of the two default set-up neighbourhoods in terms of sustainability 
aspects, it was observed that even though the two assessed urban forms behave differently in 
relation to various sustainability indicators, at the end it could be said that they are both 
sustainable, although serving different purposes and population groups. Therefore, there is not 
a single most sustainable urban form. Since this report focused especially on the sustainability 
performance of the residential sector, more detailed and well-argued differences were observed 
in this sector, throughout its whole lifetime. The parameters chosen during the set-up of the two 
neighbourhoods were of high importance for the analysis, as they affect multiple aspects. In 
particular, the two urban forms are not assessed in their typical form, but in a simplified one 
where there is a requirement for a minimum GAF, where all residencies in each form are 
unvarying and where multiple assumptions are made concerning land use. However, it was 
observed from the literature review that even the typical type of these urban forms results in 
approximately the same comparative outcome. Therefore, the results can be considered as 
representative of the suburban garden-city like neighborhoods and suburban compact city-like 
neighbourhoods. A special attention was also paid to the transportation sector, as it is one of the 
most impactful sectors affecting sustainability. Based on the analysis performed (with the help 
of the sensitivity analyses as well), some aspects were detected in both urban forms that could 
be ameliorated in order for these neighbourhoods to reach the most sustainable desired effect 
possible (see following sections).  
 

8.2.2. Improvements for the default assessed Garden cities 

In the same model used, with garden cities’ residential buildings comprising only of single-family 
detached houses with private gardens, some improvements could be implemented for 
succeeding the best - in terms of all aspects of sustainability - possible result. First of all, the same 
gross area occupied by the same single family could be constructed in a two-floor dwelling. This 
way, all the benefits related to low residencies would remain unaltered, while the area occupied 
would be reduced. This outcome would result in not only a release of space for more residences 
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or more meeting places, but it would also reduce the amount of concrete used for the foundation 
and the roofing (roof tiles) of the house, thus minimizing the house’s environmental impacts from 
the production stage. Moreover, solar panels could be incorporated in the design of carports 
(thus supplying both cars and household with the required electricity), or on roofs. Of course, in 
countries like Sweden where solar radiation is maximum during summer (when the least amount 
of energy is needed) and minimum during winter (when the requirements for heating are 
significant) more expensive technologies should be used to reach an acceptable efficiency 
(Reifeldt & Hedqvist, 2015), but Germany’s successful example and the fact that potential 
technological improvements would ameliorate the outcome are very promising. Also, the 
combination of heat pumps with solar cells could result in zero net emissions.  Implementation 
of green roofs could also create benefits, such as stormwater management, noise and thermal 
insulation, improvement of air quality and provision of habitat for biodiversity, but potential 
adverse impacts should also be assessed (increased structural capacity due to green roof weight 
[which most probably is lighter than roof tiles], measures to provide drainage, impact from 
plastics use and the remote growth of vegetation and from the transportation of soil and 
vegetation layers, maintenance requirements, etc.). What is also important to be improved is the 
transportation of building materials to the construction sites. As was observed, transportation of 
the prefabricated modules of Linnea house contributed to a large percentage to the emissions 
from the construction phase. According to the sensitivity analysis, (section 7.1.), however, using 
other means or fuels for the transportation, this contribution could be reduced by as much as 
87% (using HVO).  
Another aspect that can be discussed, is the layout of the roads. A grid system is the one 
promoted for garden cities; however, it should be ensured that the grids are connected to the 
main roads. In already implemented garden cities like Milton Keynes in the UK, problems have 
arisen due to narrow walking and cycling networks which are completely separated from traffic 
roads. Although this way of planning could potentially create safer and more appealing 
conditions for pedestrians and cyclists, passing through vegetated paths and away from car 
pollution, issues like reduced road sense, extensive costs for maintaining due to difficulties in the 
access by mechanical equipment (Alexander, 2009), and sense of danger due to poor lighting and 
“lack of natural surveillance”.  (Alexander, 2009) 

Therefore, a suggestion could be an integration of walking, cycling, driving and public transit 
systems shaping an attractive and efficient movement area. Here, on Error! Reference source 
not found. below, a one-way suggested road system is depicted, where one lane is used by 
private vehicles and the other is exclusively used by public transportation (electrified buses or 
trams). A green area is acting like a separator between car traffic and pedestrians and cyclists. 
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Figure 27: Suggested one-direction roads                                                     Figure 28: Narrow pathways 

  

These roads will be connected to main roads (which link to neighbourhood borders) and to 
narrow - intended for walking and cycling- routes, which however would be dimensioned so as 
to allow for easy mechanical maintenance requirements and one car crossing (to reach the 
house, see Figure 28). On Figure 29, a simplified brief design is depicted of the suggested road 
system. Unidirectional roads should be carefully planned and signed.   
 

 
Figure 29: Garden city-like neighborhood with all the roads and detail for smaller roads 

 

8.2.3. Improvement of compact assessed cities  

As was observed in the sensitivity analysis (section 8.2.), compact cities when built with wood 
instead of concrete (Lindbäcks system instead of the original Blå Jungfrun), result in significantly 
less carbon emissions (almost 20% on the neighbourhood scale) owed to the residential sector. 
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Therefore, wood structures could be promoted for this kind of urban form too, provided though 
that forests are sustainably managed (see section 8.3.). 
Moreover, it was observed by statistics in section 6.3.2. that security levels in compact cities are 
not satisfactory. However, as it is discussed in the mentioned section, security is a factor that 
could be related to socioeconomic criteria, such as income, condition of the built environment 
and social composition of the neighbourhood. Therefore, a mix of housing and housing tenure 
with apartments which are available for all income and age groups and are simultaneously 
attractive for the most high-income society groups, combined with well-preserved open and 
green public spaces and provision of mixed services, would possibly result in creating the feeling 
of more secure communities. It is also important that the green areas provided are not 
concentrated in one or two places inside the neighbourhood, and even if they are, extra security 
measures should be taken so that residents feel safe when walking by these - isolated from built 
infrastructure - areas. 
Similarly to the “Improvement of garden assessed cities”, green roofs could be integrated, and 
even green facades, thus creating a more living environment, with integrated green areas all over 
the neighbourhood, improving the air quality and thermal comfort and enhancing the sense of 
closeness to nature.  
 

8.2.4. General improvement for the typical (not the default assessed) format of the two 
urban forms 

A typical garden city, in its original form, would consist – apart from a mixed land-use 
environment- of mixed low-rise housing (detached 1 or 2 floors single-family houses, 2-floor 
semi-detached dwellings, up to 4 floors apartments with gardens; prioritizing planning from first 
to last building type); not just detached single-family dwellings. Assuming the common model of 
compact cities, little attention is paid to proximity to green areas, even if an adequate green area 
factor is provided. (The assessed model, in contrast, included green areas - even if not sufficient- 
inside the residential blocks, and a larger GAF than the one commonly provided for compact 
cities). Therefore, a suggestion would be, for biodiversity, social, health and security reasons that 
residential buildings are built around small green areas, so that everyone has direct access to 
them, even if their space is not adequate and that green roofs and facades are implemented. 
Moreover, it is important that residents do not feel squeezed inside the apartments and that 
solar radiation can reach every apartment. Therefore, adequate living space/person should be 
provided, as well as sufficient space between multi-storey buildings, combined with carefully 
planned building orientation, so that sunlight is not hindered.   
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In both urban forms, it is crucial that efficient public transportation is provided, operating with 
renewable fuels, optimizing their frequency and precision to time schedules and connecting all 
areas in the most rapid and efficient way possible. 
 
 

8.3. General large-scale suggestion 
 
Due to the high urbanization of our times, new residential developments will not cease. 
Moreover, the socioeconomic differences and preferences described in the above sections, 
create the need for different types (or lower prices) of housing, which nowadays are not 
provided. These two facts combined lead to “allowing growth to occur in a haphazard and 
inefficient fashion”, (Shakibamanesh & Daneshpour, 2011), which can be characterized as the, so 
called, urban sprawl with all the consequences (section 3.3.1.) it is related to. Furthermore, in 
Scandinavia a ‘second home’ tradition is observed, showing that compact urban development 
can create the need for ‘’compensation travelling’’, depending on socioeconomic criteria. 
(Haaland & Konijnendijk, 2015)  Therefore, would probably garden cities aid in the shrinkage of 
this phenomenon? Or would probably a combination of garden with compact cities be the most 
beneficial solution regarding all aspects of urban life? 

 
When attempting to relate urban form with resident attitudes and habits that affect the 
sustainability of a neighbourhood, there are complicated aspects that hinder a direct 
relationship, mainly because it cannot be easily defined whether choices made by residents are 
affected by the features of the urban form (e.g.  density, type of housing, layout, amount of 
meeting places etc.), or individual socioeconomic criteria, such as income (related to car 
ownership), age (related to different preferences, habits and activities that each age group has), 
as well as nationality, which sometimes is related with a particular way of living. These 
socioeconomic aspects most probably also affect the preference for residential place for each 
individual, thus creating a strong interconnection between urban form characteristics, 
socioeconomic criteria and attempts to meet the increased demand caused by urbanization in 
the most sustainable way. For example, people having continuous activities around town due to 
work or lifestyles (e.g. scattered group of friends and places of interest or younger ages who 
usually spend most of their time out of their house), chose to live in specific areas solely for 
convenience (closeness to central facilities, similar population groups, housing tenure etc.) Some 
of these residents may display high mobility rates, low social interaction within the community, 
and no sense of place; these tendencies, however, cannot be attributed to urban form features, 
rather than individual characteristics. (Bramley, Dempsey, Power, & Brown, 2009).  
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Therefore, one can notice that all these factors are interlinked, as with sustainability aspects 
(social, environmental, economic). Trying to evaluate each one separately is useful and probably 
also necessary, but the whole picture is needed (overall assessment) in order to reach the best 
possible result. And, since socioeconomic differences have always been existing in developed 
areas - and this is not expected to change - a variety of choices should be provided for people to 
satisfy their needs in a way that is not harming the environment. Sufficient provision of services, 
attractive (both in terms of efficiency and aesthetics) public means of transportation, safe 
pedestrian-cycling routes, neat open public spaces with sufficient green areas and various types 
of buildings with mixed affordability rates could create the conditions for a sustainable urban life. 
It should, however, be highlighted that all these are lying within a closed loop, meaning that 
neglection for one aspect could abase the whole vision. People feeling comfortable within their 
residential area (both their house and the common areas, including the public transportation) 
tend to use more the services in their proximity and to care for the maintenance of a high-quality 
urban environment. However, if this environment is neglected (for example by means of dirty or 
inefficient means of transportation, lack of lighting and sense of fear in walkways), people will 
turn to -most probably- unsustainable alternatives. As far as the buildings as structures are 
considered, it appears that wood is more sustainable than concrete, especially as operation 
phase requirements are reduced, either with more sustainable fuels used, or even with no fuels, 
by integrating renewable energy sources (solar and wind energy), thus creating carbon neutral 
household operating phases. (e.g. for single family houses solar panels on top of the carport, 
charging the electric vehicle and providing the house with electricity).  
To conclude with, since socioeconomic differences and variety of residents’ preferences will 
always exist, both urban forms are necessary for a city to thrive; and garden cities should not be 
left into the margins of cities, as this could favor an increased car-use.  
Therefore, a general suggestion would be a city succeeding to integrate compact city-like with 
garden city-like neighborhoods (in their original form), in a way that does not cut off lower 
density areas, as depicted on Figure 30 below. The outer circle represents the external 
boundaries of the city, green parts represent garden city-like neighbourhoods and blue parts 
represent compact city-like neighbourhoods. The blue large dots represent the multiple city 
centers; these could soothe traffic congestions, pollution and residency demand in the central 
city center. Alternation between highly dense areas with skyscrapers and lower density garden 
cities would allow for the provision of choice of housing and diversity. With this planning, all city 
centers are linked to each other via public transportation, encouraging the detachment from car 
use. In Figure 31 and Error! Reference source not found. one can see the intersection at one main 
road of the city (depicted on Figure 31), showing the alternation between compact city-like 
neighbourhoods and garden city-like neighbourhoods. 
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Figure 30: Depiction of the suggested city planning with alternation between garden city- and compact city-like 

neighbourhoods 

        
Figure 31, 32: Marking of the intersection I-I’ (bold blue line) for the depiction of how the two urban forms are 

alternating inside the city 
 

With respect to sustainability which is mainly about meeting the needs of the present without 
compromising the needs of future generations, it should be kept in mind that “smart cities” are 
not “science fiction” any more and these can lead to major changes in all aspects of urban life 
and infrastructure. The demand-supply chain will be optimized, and thus space necessary for 
roads will be accordingly adapted (self-driven cars can also reduce the requirement for wide 
roads, and car ownership could be decreased for example by using self-driven cars as car-pools), 
resources like water and electricity will not be wasted, instead they will be used to balance 
consumption with production (one of the characteristics of the original concept of garden cities 
in Howard’s theoretical model (Vernet & Coste, 2017) and long-term many more benefits could 
arise. Therefore, the goal should not be to meet the needs of increased population and according 
traffic by investing (both financially and in terms of resources-emissions) in large infrastructure 
projects; the aim should be to build smart, using the least possible resources-the best possible 
way, satisfying the residents’ needs and creating the necessary conditions to connect areas with 
efficient transit systems.  
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Chapter 9 -  
Conclusions 
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With respect to the objectives set at the beginning of this master thesis and based on the 
performed analysis together with the sensitivity analyses and the suggestions, some conclusions 
are stated in this chapter: 
 

• Carbon footprint of indicative residences for the two neighbourhoods. 
The carbon footprint (kg CO2-eq/m2Atemp) throughout the lifecycle of the indicative residences 
for garden cities is approximately 30% lower than the respective for compact cities. 
The major contributing phase to carbon equivalent emissions for the representative residential 
building of compact cities is the production-construction phase (A1-5). On the contrary, the 
representative building of garden cities displays a hotspot on the operation phase, which 
however results in barely larger emissions than the respective phase for the compact city 
residency. Concerning the A1-5 phase of the garden city residency, two hotspots are observed. 
One on the production of concrete required for the foundation and the roof tiles and another on 
the transportation of the modules to the construction site.  
 

• Sustainability performance (environmental and social) of the two urban forms.  
When concerning social aspects, such as trust in the neighbourhood and security, it is concluded 
that there is no clear connection between urban form and sustainability. However, statistics 
showed that high-rise constructions provoke insecurity to residents walking alone at night, in 
contrast to single-family houses area. Concerning neighbors’ relationship and quality of the 
outdoor environment, these are highly dependable upon socioeconomic aspects.  
Concerning provision of different facilities and services inside the neighbourhood, both 
neighbourhoods were planned so as to provide the basic services that are required in a 
sustainable community, depending on the number of residents. 
Concerning transport infrastructure and travel habits this is highly related to density inside a 
community according to many researchers, who highlight that high density is the key aspect for 
sustainable communities. This is because a mixed-use environment is encouraged and the 
demand for transportation is increased due to the large number of residents, thus the provision 
of public transportation can be more cost efficient and frequent, since it serves many people at 
once. However, from the analysis performed, it can be observed that a dense urban form, one 
that can support public transportation and effective functionality of services and public spaces, 
can be provided, even without high-rise structures. Of course, the same population density 
cannot be achieved within the same area, which is the main drawback of low-rise garden cities.   
Concerning meeting places and provision of green spaces, since the requirement was set for a 
GAF of 0,5, the compact city is planned with adequate green spaces, which also  serve as meeting 
places inside the neighbourhood, in contrast to the private gardens of the garden city, creating a 
benefit for the compact city for socializing opportunities in public spaces. 
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Concerning outdoor air quality, garden city performs better, since less emissions are caused by 
traffic due to the reduced number of residents. Low traffic flows in combination with small blocks 
and low-rise constructions create a more beneficial outdoor air quality. 
Concerning climate impact from the residential sector, even though the compact city 
accommodates slightly more than double the residents of the garden city, the carbon footprint 
of the former is more than 3 times larger than the one of the latter. The carbon footprint per 
resident is also larger in the compact city by merely 30%.  
 

• Conditions for achieving the most sustainable urban form. 
Suggestions are made for both urban forms in order to achieve the most sustainable results. It is 
suggested that for garden cities the emissions from the residential sector could be reduced by 
replacing 2-floor single family houses with single-storey ones in order to decrease the amount of 
concrete used for foundation and roof tiles; and by changing the fuel of the vehicle carrying the 
modules from diesel to HVO or to rail transportation. For compact cities, it is suggested that 
timber multi-storey buildings are preferred rather than concrete ones, as the life cycle carbon 
emissions per resident per year in the whole compact neighbourhood would fall by 20%. 
Considering the typical “compact city” and “garden city” suburban neighbourhoods, the outcome 
would be approximately the same with the main differences observed in the GAF and the 
residential structure of the garden city. A lower requested GAF for the compact city would result 
in changes in the land use - most probably with replacement of green areas by buildings, 
accommodating even more residents and providing more services. Of course, skyscrapers of 
more than 6 floors could also be constructed providing shelter for more inhabitants. The 
provision of mixed low-rise housing for the garden city, instead of only single-storey detached 
housing, would create the opportunity to shelter more people, with different housing 
preferences and income, while maintaining the character of a garden city.  
There is no “one size fits all” concept when talking about sustainable urban forms. Concerning 
the two urban forms assessed, special attention should be paid to transit systems to allow for 
encouragement of use of public transportation and walking and cycling; mixed use environments 
are crucial both for lively environments and for reducing the need to travel large distances in a 
daily basis, thus enhancing the quality of life, diminishing the time spent in commuting and 
protecting the environment; people should have the opportunity to choose where they want to 
live according to their socioeconomic criteria and preferences; all residents should have 
adequate access to green areas in close proximity to their house (green roofs and green facades 
could be implemented) and renewable forms of energy should be incorporated, probably first 
with the integration of solar panels. Inhabitants should feel satisfied in their residential 
environment, which will create the circumstances of a satisfied and safe community. Use of wood 
could create many environmental benefits, however its use should be carefully planned and 
forests should be managed in the best possible way to allow for beneficial outcomes.  
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Therefore, both urban forms are necessary for a city to thrive, and garden cities should not be 
left into the margins of the cities, as this could be the main reason that leads to the increased car 
use. Multiple city centers would soothe traffic congestions, pollution and residency demand in 
the central city center and alternation between highly dense areas with skyscrapers and lower 
density garden cities would allow for the provision of choice of housing and diversity. However 
very careful planning is necessary for a change like that to be successful. 
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Appendix 

Appendix A 
Carbon footprint of indicative residences for the two neighbourhoods. 

Appendix A1: Blå Jungfrun 

 
Inhabitants in Blå Jungfrun block 
According to (SvenskaBostäder, 2009), in the Blå Jungfrun block there are 21 apartments with 2 
rooms, 36 with 3 rooms, 20 with 4 rooms and 20 with 5 rooms. All the apartments have a kitchen. 
The apartments with 2 rooms have one bedroom and have a surface of 53-55 square meters. Thus, 
it is assumed that one of those can accommodate 2 people. Accordingly, 3 people are accommodated 
in the apartments with 3 rooms, etc. It should be noted that apartments with 5 rooms (considered 
here to accommodate 5 people), have a surface of 111m2, which means 22.2m2/person. Multiplying 
the number of residents who can be accommodated in each apartment with the number of 
apartments, results in 330 residents/Blå Jungfrun block. The total living area is approximately 
8200m2, which means 24.84m2/person on average. The rest 2803m2 of the Atemp are common spaces 
inside the multi-family dwellings. 
Characteristics of Blå Jungfrun construction 
The Blå Jungfrun block was built according to the VST system. The so-called VST system is a method 
for building site-cast walls, which means that prefabricated mold elements (built with cement-
bonded fiber plates) are lifted in place and then cast again with concrete, which gives a very dense 
construction. The balconies consist of firmly clamped concrete slabs, as well as screens and railings 
in laminated glass. The floor joists consist of 200 mm cast concrete and 50 mm slack-reinforced plate 
support (quartz-shaped form of concrete). The outer walls are insulated with 250 mm cellular plastic 
/ EPS. The inner walls are also made with a shell shape. The ceilings are insulated with around 400 
mm loose wool (Malmqvist, Erlandsson, Francart, & Kellner, 2018). 
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(Malmqvist, Erlandsson, Francart, & Kellner, 2018) 

 

Appendix A2: Linnea 

 
Drawings of Linnea 
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(Älvsbyhus, 2019) 

 

A.2.1. Description of the performed LCA 

 
A1-3: The software BECE (Basic Energy and CO2 Emissions for buildings) was used for the 
calculation of CO2-eq /m2Atemp from the construction of the foundation, floors, exterior (with 
windows and doors) and interior walls, and roof. Concerning technical equipment for electricity, 
water, heating and ventilation, since their magnitude is not included in the BECE tool, manual 
approximate calculations were conducted, based on the material report provided by Älvsbyhus 
company and values from IVL LCR (Arvid & Sonesson, 2017) .  
Data inserted to the BECE tool for the calculation of the related to materials emissions were data 
provided by Älvsbyhus, in the form of drawings, Excel files with material orders and pdf 
documents. (see Appendix A.2.2.) 
 
A4: The construction site is assumed to be in Sundbyberg municipality, as this is the area chosen 
for the following parts of this thesis. Following the data processed by Blå Jungfrun’s LCA, 
(Liljenström C. , et al., 2015), “Transportation of materials and products from manufacturing 
facility to construction site was included. Transport of construction equipment and material losses 
during transport are assumed to be negligible and therefore not included. Work trips to and from 
the construction site are not included in the calculations according to the standard”. The trucks 
for transportation to the construction site are fueled by diesel, the GHG emissions of which are 
considered to be 87 g CO2eq /MJ diesel. The amount of MJ/tonkm and an approximation of the 
necessary transport distance of roof tiles and gravel to the construction site was based on the 
transport scenarios which are implemented in the BM (Byggsektorns Miljö Beräkningsverktyg) 
tool, (Martin Erlandsson IVL Svenska Miljöinstitutet, 2018) as the same was done for the Blå 
Jungfrun calculations for parts of the building with unknown origin; for the modules’ and 
concrete’s transportation, the real distance was used, as data was provided by the construction 
company. 
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The house modules as well as foundation go directly from Älvsbyn to the construction site via 
diesel trucks. There is a concrete station just outside the factory area where they produce the 
basics themselves and mineral wool and plastic goods come via rail to them. Everything is 
transported together to the construction site (with almost no spills since they are transported in 
modules) and no other transportation is needed before- or just negligible ones (as from the 
sawmill which is adjacent to the factory in Älvsbyn and the plastic and isolation products which 
are light-weighted and are delivered to the Älvsbyn factory by rail (therefore they have the 
minimum CO2 emissions).  
 
A5: This stage is split into 5 modules, according to (Erlandsson, 2013), as depicted on the Error! 
Reference source not found. below: 
Table 11: Stage A5 is divided into underlying modules for an increased transparency of the building and the parts of 
the installation process (Martin Erlandsson IVL Svenska Miljöinstitutet, 2018)  

 
 
For module A5.1, the emissions were based on approximations, based on data from Lindbäcks 
building (System 4: Volymelement i trä) from SBUF långrapport (Malmqvist, Erlandsson, Francart, 
& Kellner, 2018), This is a prefabricated building with timber facades, coming in modules to the 
construction site, but consisting of several floors - thus the installation requires more days than 
Linnea. The LCA of Lindbäcks was conducted using the same parameters as Blå Jungfrun. So, as a 
proxy for the Linnea house, the A5.1 value of Lindbäcks, could be used unaltered. Concerning 
module A5.2, based on “Miljödata för arbetsfordon”16 report (Erlandsson, 2013) and information 
from the construction company, a brief calculation could be performed. 
It is considered that stages’ A5.3-5 effect is negligible, since the whole construction is ready in 
only one week (4 for the excavations for the foundation and another 8 for the assembling.  
Also, all parts arrive pre-made to the construction site; so, it is assumed that no significant CO2 
consumption is provoked for temporary facilities and onsite setting of electrical equipment, 
painting etc. Therefore, for A5 stage, only modules A5.1,2 were considered.  
 
B 2, 4: The most important and carbon intensive maintenance and replacement measures 
required so that the house is considered sustainable for its whole lifetime considered (50 years), 

 
16 environmental data for labor vehicles 
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are: the painting of the facades, windows and doors every 10 years, the replacement of windows 
and window-doors every 30 years and the replacement of some of the electric equipment. Apart 
from the last, the other maintenance and replacement measures were calculated according to 
IVL data for the emission factors and the characteristics of the dye according to its specifications 
(Beckers, n.d.) Concerning the replacement of electric equipment, due to lack of data and for the 
purpose of this master thesis it is assumed that the same measures per square meter and for 50 
years will be needed as for Blå Jungfrun, excluding, though, the emissions for the maintenance 
of the elevator. It should be noted that the emissions from replacement of the exhaust air heat 
pump (once within the lifetime considered-50 years) are not included in this project.  
 
B6: According to (Malmqvist, Erlandsson, Francart, & Kellner, 2018) report, “the climate 
performance (life-cycle data) used for calculating module B6 in the basic cases is for electricity 
102 g CO2-eq / kWh (Nordic el mix) and for district heating 62 g CO2-eq / kWh. These data have 
then been multiplied by the amount of purchased district heating and electricity during the 
analysis period”.  
Therefore, the same electricity emission factor is used for the calculation of Linnea house (102 g 
CO2-eq / kWh). Heating, including ventilation and warm water are provided via an exhaust air 
heat pump. Consumption values per square meter are provided by the Älvsbyhus company (see 
characteristics above), and are also calculated via the BECE tool.  
 
 C1-4:  
Due to lack of data and for the purpose of this master thesis it is assumed that the same as 
Lindbäcks’ end-of-life emissions are also applicable for Linnea. However, it is probably a bit high 
because this value represents the end of life of a prefabricated wooden modular multifamily 
building and not a single-family house.  
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Table 12: Assumptions for the calculation of CO2 for all the stages 

 
 
 

A.2.2. Calculations for the performed LCA of Linnea 

● A1-3:  
101 kg CO2eq /m2Atemp (2.02kg CO2eq /m2Atemp/year*50 years)+ 9 for el, ventilation, VVS => 110 
kg CO2eq /m2Atemp 

(9 kg CO2eq /m2
Atemp for el, ventilation, VVS. From the material report provided by Älvsbyhus, the CO2 load 

for manufacturing of the most significant technical equipment for water, heating and ventilation provision 
was calculated using values for CO2 emissions from IVL LCR (Arvid & Sonesson, 2017), as 8.65kg CO2eq 
/m2Atemp. Taking into account other non-significantly affecting equipment and LED lighting, a value of 9kg 
CO2eq /m2

Atemp is assumed, which is also approximately the same as the value measured for Blå Jungfrun 
at the SBUF report, excluding the 3kg CO2eq /m2Atemp, which are caused due to the elevator construction.  

● A4: 
The total weight (excluding the gravel) that is transported to Sundbyberg for one Linnea house is 
48549 kg. The total weight of concrete elements for the foundation is 22672kg and the roof tiles 
weigh 9679kg. According to e2b2, “tegelvaror” (for tiles) are calculated with 600km as a distance. 
Concrete elements (22672kg) and wood-based modules (22193kg) are transported from Älvsbyn 
to Sundbyberg, therefore a distance of 903km (GoogleMaps).  
For gravel (grus), according to e2b2 we assume a distance of 70km and 2,5MJ/tonkm. Therefore, 
87 g *10-6ton CO2e/MJ *2,5MJ/tonkm*53,482ton*70km = 814,26kg CO2eq.   
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87g*10-6ton CO2e/MJ*1MJ/tonkm*22,193ton*903km (=1743kg CO2eq)  
+ 87g*10-6ton CO2e/MJ * 1MJ/tonkm*22,672ton*903km (=1781kg CO2eq)  
+ 87g*10-6ton CO2e/MJ * 1MJ/tonkm*9,679ton*600km (=504.44kg CO2eq).  
Then we have 3716kg. Plus 814,26kg for the grus we get to 4842.7kg CO2eq. Dividing by the area, 
the final value is 37.54 kgCO2eq/Atemp 

 
● A5:  

○ A5.1: According to Lindbäcks A5.1= 3 kg CO2eq /m2Atemp  
● A5.2.: For the preparation of the ground for the foundation, an excavator is used for 4 working 

days (32h). Using “hjul-och band grävmaskin” from the “Miljödata för arbetsfordon report”, 
it is assumed that 288MJ/hour are consumed for the excavator’s work, and with the emission 
factor for diesel (87gCO2/MJ) as used before, the emissions can be calculated as 
288*32*87/1000= 801.79kg CO2-eq. For the house assembly, a crane is used to lift the 
modules and the roof’s wooden planks above the foundation. It is estimated (Vårt Älvsbyhus, 
2014)  that the crane is needed for 5 hours. Therefore, using “mobilkran” from “Miljödata för 
arbetsfordon report”, it is assumed that 173MJ/hour are consumed for the crane’s work, and 
with the emission factor for diesel (87gCO2/MJ) as used before, the emissions can be 
calculated as 173*5*87/1000= 75.255kg CO2-eq. 

Therefore, the total emissions from A5.2 are 801.79+75.255=874.045kg CO2-eq, which means 
6.77kg CO2-eq/m2Atemp  
 

● B 2, 4:  
- Painting of the wood facade and windows and doors every 10 years:  
❖ For wood facades the paint that is used has a consumption of 7m2/lt, according to 

(Beckers, n.d.). The facade area is 102m2 in total. The emission factor is 2.54 kg CO2-
eq/kg and the density of the paint is 1230kg/m3. Therefore, the consumption is 
102/7=14.57lt per 10 years. For the lifetime of the building (which is considered 50 
years), painting will be needed 4 times, thus the paint consumption will be 
14.57lt*4=58.28lt=0.0583m3, which means 0.0583*1230=71.7kg. Multiplying with the 
emission factor, we get 182kg CO2-eq. 

❖  For the wood part of the windows (5.2m2) the same procedure is followed, leading to 
9.28kg CO2-eq 

❖ For the metal part of the windows (2.6m2), changing the consumption of the paint used 
to 9 m2/lt, according to (Beckers, Metallackfärg V, 2019) and keeping the same density 
and emission factor, the result will be 3.61kg CO2-eq 
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❖ For the primer paint for the metal part of the windows hanging the consumption of the 
paint used to 5.5 m2/lt, according to (Beckers, Metallprimer V, 2019), and the density 
factor to 1200kg/m3, the result will be 5.76kg CO2-eq. 

❖ For the door (4.94m2 wood), the result is 8.8kg CO2-eq 
In total the painting results in 1.62 kg CO2-eq/m2Atemp 

- Windows and doors need replacement after 30 years. A window weighs approximately 
35kg/m2. The area of the windows is 26m2 and the emission factor, according to IVL is 1.1 kg 
CO2-eq/kg. For the lifetime of the building (which is considered 50 years), (50/30) 
*26*35*1.1 results in 12.93kg CO2-eq/m2Atemp 

- El, ventilation and VVS -> 0.296kg CO2-eq/m2Atemp, the same used for Blå Jungfrun, 
excluding elevator emissions, as almost the same maintenance replacements will be 
needed, if the elevator works are not considered. 
Therefore, in total, the maintenance/replacement stage is responsible for approximately 
14.84kg CO2-eq/m2Atemp. 

 
● B6:  

Energy purchased, excluding energy use for the household: 41kWh/m2, year. The emission factor 
that will be used is the same used for electricity in the Blå Jungfrun report => 102 gCO2eq/kWh, 
even though according to the BECE tool, Nordic el mix corresponds to 100 gCO2eq/kWh.  
Therefore, 41 kWh/m2, year*0.102 kgCO2eq/kWh*50 years= 209.1 kg CO2-eq/m2 
So B6: 209.1kg CO2-eq/m2 

 
Discussion about D phase 
This project did not take into consideration carbon storage within the building’s lifecycle, which 
could have created a large advantage for the timber construction. When conducting a LCA for 
wood-framed buildings, time perspective is an important aspect for the measurement of the GHG 
balances. Therefore, the 50 years considered in this project could potentially lead to 
underestimation of the benefits of wood since the forest would not have time to complete its 
rotation and get fully re-grown until the demolishing of the building.   
If D phase, or emissions in the long term were considered in the LCA of this project, then with a 
longer lifespan of the buildings (100 instead of 50 years) the complete comparison of the two 
kinds of residencies would be possible to be performed. (Börjesson & Gustavsson, 2000) who 
compared 4-storey wood-framed and concrete-framed buildings from a life cycle perspective, 
concluded that, for the wood-framed building, provided that wood is not landfilled and methane 
is collected, it always performs better. (these could be prevented if treated properly (recovery of 
biomass residues) and methane gas was collected.)  
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Appendix B 

Sustainability performance (environmental and social) of the two urban forms. 
  

• Part I: Default set-up 
The area where the neighbourhood was chosen to be located is Ör in Sundbyberg. Its surface 
was measured using the freemaptools calculator (Free Map Tools, n.d.), as represented below. 
 

 
(Free Map Tools, n.d.) (Free Map Tools, n.d.)  

 

➢ Transport infrastructure 
Concerning the land occupied by transport infrastructure, data from Sundbyberg municipality 
were used. The total road area in Sundbyberg, excluding tunnels, based on statistics is 77 
hectares => 0.77km2. (SCB, Vägarealer i hektar per vägkategori efter region och arealtyp. År 2010 
- 2015, 2019). Sundbyberg area is 8.67km2 and since road area is 0.77km2 it corresponds to 
merely 9% of the total area. According to the street reserve for Stockholm, the ⅔ of the reserve 
corresponds to the road area, while the rest is used as pavements and squares. So, adding 
another ⅓ to the 9% we get 0.77km2 + ⅓*0.772= 1.027km2 => 11.84% of the area so merely 12% 
is land occupied by road infrastructure in total.  
For the garden city, some roads are paved only for pedestrians, therefore, these can be allocated 
to public open spaces. Therefore 10,5% of the total land is considered occupied by road 
infrastructure in the planning for low-housing, while for the compact city, 12% is assumed. This 
is also reasonable, since more cars and more buses for public transportation occupy the roads 
for the compact city. 
The two different neighbourhood forms consist of different road systems, but overall it is 
assumed that the total asphalt and paved land for transportation (either this is performed by 
car/public transportation, or by walking/cycling) is the same. 
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➢ Number of children for calculation of institutional facilities 
In order to estimate the number of children corresponding to appropriate ages for preschool and 
low-grade education, SCB Statistics from Sundbyberg were used, according to which, there are 
7300 children ages 1-12, (SCB, Population by region, marital status, age and sex. Year 1968 - 2018, 
2019). 

Since the total population of Sundbyberg is 50564 people, this means that 14.5% of the 
population is children belonging to pre-school and school age-groups. 
 
Set-up of land allocation 
 

✓ Garden city 
 
● Age 1-12 children which go to school account for 14.5% of the population (see calculations 

above). At least 30m2/child are needed for institutional facilities’ outdoor space => 3% of 
646000m2 is 19380m2 occupied on land. However, for the building, 2 floors of 7500m2 each 
are considered, therefore, the gross area will be 15000m2. The rest 11880m2 will be open 
space for outdoor activities.  

● Commercial facilities (Grocery Store, Restaurant / Café, Package / Post Office, Pharmacy, 
Own Supplement, shops): 3% of 646000m2 is 19380m2 occupied on land. However, for some 
buildings 2 floors are considered, therefore the gross area occupied by commercial facilities 
is assumed as 30000m2.   

● Recreational, parks, leisure, squares, pedestrian streets: 15% = meeting places of which at 
least ⅓ are green public space = 5% = 32300m2 

● Public services (health care (20000m2 BTA), social services, gym) = 2% of 646000m2 is 
12920m2 occupied on land. However, for some buildings 3 floors are considered, therefore 
the gross area occupied by commercial facilities is assumed as 30000m2.   

● Transport infrastructure (road + pavement surface) = 10,5% 
● Residential space: The rest 67% of the total Ör area can be considered as residential space. 

This area corresponds to 432820m2. Each plot (property) is designed with a size of 700m2. 
Therefore, assuming that all the residential space is divided between plots, 432820/700= 618 
houses, each of which accommodates 4 people, so 2472 residents can be accommodated. 

● The density factor is given by the residents per ha (10000m2). The whole area is 64.6ha. So 
2472/64.6= 38.26 persons/hectare. 

● Exploitation ratio = total gross area occupied by buildings/646000 = 168936/646000 => e= 
0.262 
[Total gross area= (number of houses*gross area of each house (152m2) +total gross area of 
services buildings (surface area+area of each floor) = 93936m2+75000m2= 168936m2] 
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● Parking lot for each house: 27m2 (for 1 car from Duvbo google maps) => 156m2+27m2= 183m2. 
What is considered as a parking lot is an empty graveled space in the plot area, for 1 car. 
It is decided that an overestimated space of 200m2 is considered as built-up plot so as to be 
able to incorporate other built-up details that could be added. Thus, the rest 500m2 in each 
plot are occupied by private gardens. Therefore 500m2*618 houses= 309000m2 are land 
occupied by private gardens.  

● green public space -> 5% = 32300m2  
+ trees on the sidewalks etc. -> 3%= 19380m2 
+ private gardens -> 309000m2  
=> green area=360680m2 => GAF=360680/646000=0.558. 

 
 

✓ Compact city 
 
Having the condition of maintaining the same GAF as for the garden city (0,558) [however, not 
the same number of residents] and considering that 40% of each Blå Jungfrun’s block plot is green 
space (estimation made from Google Earth), it was assumed that 18 Blå Jungfrun blocks (with 97 
apartments each, therefore 1746 apartments) can be constructed therefore accommodating 
5940 residents in total. 
The requirements from the SGBC concerning institutional, recreational facilities and green public 
space, are fulfilled here too, and for commercial and public services, a readjustment has been 
done to be eligible with the increased number of inhabitants.  
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● Age 1-12 children which go to school account for 14.5% of the population (see calculations 

Appendix 2a). At least 30m2/child are needed for institutional facilities’ outdoor space => 
5,5% of 646000m2 is 35530m2 occupied on land. However, for the building, 2 floors of 9580m2 
each are considered, therefore, the gross area will be 25000m2. The rest 25950m2 will be 
open space for outdoor activities.  

● Commercial facilities (Grocery Store, Restaurant / Café, Package / Post Office, Pharmacy, 
Own Supplement, shops): 5% of 646000m2 is 32300m2 occupied on land. However, for some 
buildings 3 floors are considered, therefore the gross area occupied by commercial facilities 
is assumed as 80000m2.   

● Recreational, parks, leisure, squares, pedestrian streets: 15% = meeting places of which at 
least ⅓ are green public space = 5% = 32300m2. This was the requirement by CityLab. 
However, in order to achieve the GAF that was set as a prerequisite, more green space was 
needed.  

● Public services (health care (30000m2 BTA), social services, gym) = 5% of 646000m2 is 
32300m2 occupied on land. However, for some buildings 3 floors are considered, therefore 
the gross area occupied by commercial facilities is assumed as 90000m2.   

● Transport infrastructure (road + pavement surface) = 12% 
● Residential space and extra green space: The rest 62,5% of the total Ör area (403750m2) can 

be considered as residential space (1636m2 occupied land space by the buildings in the 
block*18 blocks=29448m2---19% of one plot---409m2 per building) and space available for 
green and public open areas. Each block’s plot is designed with a size of 8760m2, 40% of which 
is green space. With 18 blocks, 157680m2 are occupied, the 63072m2 being green space. 
Therefore, the total green space from this remaining 62,5% is 403750m2-
157680m2+63072m2 = 309142m2. Adding the green public space area, which is equal to 
51680m2 (green meeting places from requirement plus trees on pavements), this results in 
360822m2. Of the area occupied by one block plot, 40% is considered as open paved areas, 
half of which could be considered as public meeting spaces. The rest are corridors, before 
entrance areas and other that cannot be considered as meeting places.      

● The density factor is given by the residents per ha (10000m2). The whole area is 64.6ha. So 
5940/64.6= 91.95 persons/hectare. 

● Exploitation ratio (without the garage) = total gross area occupied by buildings/646000 = 
429000/646000 => e= 0.664 
[Total gross area=(number of Blå Jungfrun blocks *gross area of each block (13000m2 (VST 
Nordic AB, 2010))+total gross area of services buildings (surface area+area of each floor) = 
234000 m2+195000 m2= 429000 m2] 

● Parking lot for each house: increase the gross area for underground parking space with the 
requirement of 0,5 cars/apartment, as was considered in the Blå Jungfrun report. 0,5 
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cars/apartment for 97 apartments per block (Malmqvist, Erlandsson, Francart, & Kellner, 
2018), means that 49 cars should have a parking space in each Blå Jungfrun block which 
accommodates 330 inhabitants. Therefore, the parking lot is designed for 0,15 cars/person. 
“Including space for entrance and exit, a car occupies 25 square meters when parked in 
ground level, (Karlsson, 2010, p. 10)”. (Persson, 2014) 

Therefore, for 49 cars, 1225 m2 are needed, excluding ramps and corridors. Thus, estimating 
1500 m2 as the inner space of the garage divided by 4, this means 375 m2 per building in the 
Blå Jungfrun block. The total BTA for parking space would be 1500*18=27000m2 for the 
whole Ör area and therefore the overall exploitation ratio will be e=0.686. 

 

 
 

• Land use from Blå Jungfrun block 

The area where the Blå Jungfrun block is located was measured using the freemaptools calculator 
(Free Map Tools, n.d.), as represented below. It was chosen that the block plot’s boundaries are 
the surrounding roads.  
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(Free Map Tools, n.d.)  

 

• Part II: Assessment with sustainability performance indicators 
 
Data used for calculations 

 
 
Results from SIMAIR regarding air quality 
 

○ Garden-city  
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(Lantmäteriet maps, 2019)                 (SMHI, 2019) 
 

○ Compact-city 

 
(Lantmäteriet maps, 2019)                     (SMHI, 2019) 

 
 

Appendix C 

Sensitivity Analysis  

 
Fuels and modes of Linnea modules transportation (section 8.1) 
 
● Transport sensitivity 1: rail for foundation and modules, emission factor as for Stora Enso 

construction 
If the foundation and the modules were transported via rail,  
42 g*10-6ton CO2e/MJ*0,3MJ/tonkm*22,193ton*903km (=252,5kg CO2eq)  
+ 42g*10-6ton CO2e/MJ * 0,3MJ/tonkm*22,672ton*903km (=258kg CO2eq)  
Therefore, the result would be 14.18 kgCO2eq/Atemp, almost 3 times less! 

 
● Transport sensitivity 2: diesel emission factor according to Naturvårdsverket from 

Energimyndighetens rapport Drivmedel 2017 
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If instead of 87g CO2e/MJ as a diesel emission factor, 79.39g CO2e/MJ were used, which is 
the correct current value according to (Swedish Environmental Protection Agency, 2018), 
then the total value for transportation via road would be 34.25 kg CO2eq/Atemp. 
(Energimyndigheten, 2018)  

 
● Transport sensitivity 3: diesel emission factor according to Naturvårdsverket 

emissionsfaktorer och varmevarden 2019-excel for 2017 data 
If instead of 87g CO2e/MJ as a diesel emission factor, 54.57g CO2e/MJ were used, which is 
the value for diesel heavy duty vehicles according to Naturvårdsverket emissionsfaktorer 
och värmevärden 2019-excel [with GWP=1*CO2+25*CH4+290*N2O], then the total value 
for transportation via road would be 23.54 kg CO2 eq/Atemp. 

 
● Transport sensitivity 4: HVO 

If the fuel used for the service trucks was HVO (Hydrotreated Vegetable Oil) biodiesel instead 
of diesel, then with an emission of 11.1g CO2e/MJ (Swedish Environmental Protection 
Agency, 2018), the respective emissions for transportation of the modules to the 
construction site would be  4.79 kg CO2eq/Atemp, a 87,24% reduction in the emissions 
caused from transportation!  

 

Fuel 
Emission Factor     
(g CO2-eq/MJ) 

Source 
A4                           

(kg CO2 eq/Atemp) 

Diesel (100% fossil) default 
analysis 

87 
(Malmqvist, Erlandsson, 

Francart, & Kellner, 2018) 
37.54 

Diesel 79.39 (Energimyndigheten, 2018) 34.25 

Rail for foundation and 
modules transportation 

42 
(Malmqvist, Erlandsson, 

Francart, & Kellner, 2018),  
Stora Enso 

14.18 

HVO (Hydrotreated 
Vegetable Oil) biodiesel 

11.1 
(Swedish Environmental 

Protection Agency, 2018) 
4.79 

  
Lindbäcks instead of Blå Jungfrun (section 8.2.) 
Lindbäcks construction characteristics 
Volume elements at Lindbäcks are prefabricated with a degree of completion of about 90%. Roof 
construction is prefabricated on the building site by wooden trusses and lifted up in sections. At 
construction site, installations, facade and surface layers are completed. As an insulating material, 
mainly stone wool is used but also partly glass wool in the floor joists. Lindbäcks has a self-developed 
balcony solution that consists of a core of cross-glued wood that is dipped in glass fiber reinforced 
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composite. Balconies are hanging with steel bars. Walls are covered with plaster (20 mm) with 50 
mm stone wool. Unlike other systems, the delivered construction solution from Lindbäck has a much 
better insulated floor than other platforms that have 300 mm EPS insulation under the plate. 
(Malmqvist, Erlandsson, Francart, & Kellner, 2018). 

 
(Malmqvist, Erlandsson, Francart, & Kellner, 2018) 
  
Reduction of population density and according release of land in the garden city (section 
8.3.1.) 
 
Garden city: from 0.262 to 0.23. e=0,23 means that total gross built area is equal to 151000 m2, 
which means that 17936 m2 is the gross area released, which corresponds to 117 Linnea houses. 
Therefore, there are 501 houses which accommodate 2004 residents; thus, the resulting density 
is 2004/64.6=31 persons/ha. The area that is released is the total area corresponding to 117 
houses (117*700 m2 = 81900 m2)  

  
GAF requirement reduced to 0.41 (section 8.3.3.2.) 
 
Garden city 

GAF=0.41 -----> 266214 m2 green space => 214534 m2 private gardens, which is 347 m2 private 
garden per property. This means 49.6% of each property should be occupied by vegetated area.  
Compact city  
GYF=0.41 -----> 36blocks*8760 m2=315360 m2 occupied by the residential blocks. The remaining 
area from services, facilities, meeting places, is 403750 m2, minus the space occupied by the 
buildings (315360 m2), plus the 40% of the plots’ area which is green space (126144 m2), plus the 
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public meeting space required (including planted trees on pavements) (51680 m2), it results in 
266214 m2 green space. GYF=266214/646000=0.41 
 

Energy supply system choice (section 8.4.) 
 
Using the Swedish el mix, the emission factor of which is 33.4 g CO2-eq/kWh, the result would 
be 41 kWh/m2, year*0.0334 kgCO2eq/kWh*50 years= 68.47 kg CO2-eq/m2 
So B6: 68.47 kg CO2-eq/m2 

For Blå Jungfrun, 12kWh/m2,year, is the amount of electricity bought, which means that in the 
analysis performed by (Malmqvist, Erlandsson, Francart, & Kellner, 2018), it contributed to 61.2 
kg CO2-eq/m2. With the Swedish el mix the contribution of electricity would be 20.04 kg CO2-
eq/m2. Thus, the B6 value would be 188-61.2+20.04= 146.84 kg CO2-eq/m2, which is slightly more 
than double the operating emissions of Linnea.  

  
Parking space provision (section 8.5.) 
 
Additional emissions from Linnea carport 
Phase A1-3 calculated with BECE tool, just using the material emissions, as 16.2 kg CO2 eq/year. 
For 50 years this means 810kg CO2eq and if this is traced to emissions per square meter heated 
area of Linnea, it means 6.28 kg CO2eq/m2Atemp Linnea. The post holes have Φ200 and 1m depth, 
which is filled with concrete, according to the carport design from (Svenskt Trä, 2017).  

Phase A4 was calculated as before, resulting in 2.48 kg CO2-eq/m2Atemp Linnea. Phase A5 is 
considered negligible. 
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