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Abstract 

The purpose of this thesis is to analyze if it is possible to reduce the energy consumption of the Green Park 

Housing building through architectural and technical modifications of the existing design, without 

resulting in a project cost that exceeds 20,000 SEK/m2. The energy use of the building is currently 47% 

lower that the BBR limit, and would therefore be interesting to analyze if it is possible to reduce this 

further and reach the passive house standards for the architectural aspects analyzed. The methodology 

used to answer the research question was to carry out a comparison between the architectural features of 

the Green Park Housing building and the typical energy efficiency measures within architectural design 

typically applied in low-energy buildings. Based on this comparison, an analysis was carried out together 

with professionals from Sweco Architects AB, DELTAte VVS-Konsult AB and Anders Nyquist 

Arkitektkontor AB to evaluate possible architectural improvements that could be applied to the Green 

Park Housing building in order to reduce its energy consumption. It was concluded that the clearest 

possibilities for improvement are within the building envelope, mainly related to the insulation, the 

prevention of thermal bridges, the weather tightness and the choice of windows and doors. However, in 

order to maintain the project cost below 20,000 SEK/m2 it is necessary to be selective amongst which 

improvements to carry out, and also to what extent. The choice of which improvement to apply can be 

done by combining different decision criteria such as effectiveness of the improvement, cost, benefit and 

pay-back time. It can be further concluded that it is possible to reach passive house standards by investing 

in better insulation but this change would consume all the available money, preventing other possibilities 

for improvement.  
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1 Introduction 
This thesis is rooted on the idea that a sustainable building sector requires much more than a strong focus 

on constructing more energy-efficient buildings. The reduction of energy use in the building sector has 

long been and still is a crucial factor for a path towards sustainable development, but it is also crucial not 

to forget about other factors that are just as essential. It is necessary to take into consideration all impacts 

generated by a building – on the environment, people’s health and social well-being – throughout its 

whole lifecycle. Examples include use of materials that are suitable for the health of people and the 

environment; conservation of resources by designing buildings that use resources efficiently; adaptation 

to local conditions where the site and location of a building is studied with regards to nature, urban 

structure and climate; and others. (Bokalders & Block, 2010) 

The underlying motivation of this thesis is to understand real-life building projects that claim to be - or 

have ambitions to be – sustainable (or more sustainable), and analyze if there are ways in which their 

level of sustainability could be improved without compromising the integral purpose of the project. Is it 

possible to design more sustainably? What are the limitations?  

The real-life project that was chosen to be analyzed in this thesis is the Green Park Housing Project, an 

ongoing design project in the city of Östersund (please refer to the Background Theory section for more 

detailed information). It currently consists of a system design for the construction of a block of 60 

apartments using recycled shipping containers with a built-in greenhouse on the building’s south façade. 

In the conceptualization report Green Park Housing – A portable sustainable neighborhood in the area of 

Storsjö Strand, July 2014, by Kevin Denham, on which the system design of this building is based on, the 

author states: “ (…) the motivation for this project is to become an example for portable sustainable 

building” (Denham, 2014). This highly ambitious statement is one of the main reasons for why precisely 

this project has been chosen to be the focus of this thesis. The intention of this thesis is to initiate and be 

part of an in-depth academic study of the project so as to provide the designers and project managers with 

tools that will allow them to further improve the sustainability of the project to the largest extent possible, 

without compromising the project’s initial and integral purposes. The thesis is also conscious that the 

project is under a system design phase (as opposed to the detailed projection phase), meaning that it is 

still possible to carry out changes in the design. Moreover, my involvement in the project as founder of the 

concept and leader of the design allows me to directly influence the course of the work towards, if 

possible, a more sustainable result. However, the use of this thesis is not intended to be limited to this 

project in itself, but rather also to be a tool for other projects that intend to use shipping containers for 

their buildings, and/or that are interested in achieving a high level of sustainability. “Container 

architecture has grown in popularity in the past several years due to their inherent strength, wide 

availability, and relatively low expense (…) they are seen as more eco-friendly than traditional building 

materials such as brick and cement.” However, in the same way that energy-efficiency is an insufficient 

criterion to judge the sustainability of a building, material use (in this case recycled shipping containers) is 

also an insufficient criterion to claim that shipping container buildings are more “eco-friendly”. This 

project is therefore an interesting opportunity to study from an academic standpoint a growing 

architectural movement that is commonly perceived as more sustainable. Are there possibilities for 

improvements in the sustainability of shipping container buildings? What are the limitations? 

However, due to precisely the broadness of the term sustainable building and the time limit for this thesis, 

the main factor that will be focused upon for the Green Park Housing Project is the energy consumption of 

the building. The first reason for this choice is because an energy calculation for the building design has 

already been made, which makes it easier to detect where possible improvements could be applied. 

Secondly, the current design of the building already consumes 47% less energy than the maximum limit 

permitted by the Swedish Building Regulations (BBR), and it is therefore interesting to analyze if it would 

be possible to lower this value approximately 10% further and reach passive house standards for energy 
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consumption.  Thirdly, the building contains a south facing built-in greenhouse that contributes with 

passive heating for the apartments, and it is interesting to analyze if this contribution could be increased 

by improvements in its construction and use of material. Finally, and taking a broader perspective, “the 

energy sector faces evidently significant challenges that everyday become even more acute. The current 

energy trends raise great concerns about the “three E’s” that are the environment, the energy security and 

the economic prosperity as defined by the International Energy Agency (IEA). Among the greater energy 

consumers is the building sector that uses large amounts of energy (…). In the European Union (EU), for 

example, the building sector uses the 40% of the total final energy consumed therein (…)” (Diakaki, 2008) 

Moreover, 90% of the energy used in the lifetime of a building is during its use-phase, making it very 

important to design buildings that are energy efficient (Bokalders & Block, 2010). It is however expected 

that this thesis is just the beginning of an academic study of the sustainability of this project, and that 

other studies beyond energy consumption will be carried out in the future in order to provide the project 

with possibilities to become more sustainable. 

 

1.1 Purpose and research question 

 
The purpose of this thesis is to find out if it is possible to reduce the energy consumption of the Green Park 

Housing building through architectural and technical modifications to the existing design, maintaining the 

project cost within 20,000 SEK/m2. 

In order to do this, there are three main research questions that will be answered in the thesis: 

1. What are the main factors affecting the energy consumption of a building during its use-phase?   

2. What are the existing techniques within the architectural and technological sector available in 

order to make a building more energy-efficient? 

3. What architectural and technical modifications could be applied to the Green Park Housing 

building in order to reduce its energy consumption? 

The architectural and technical modifications for the Green Park Housing building that will be analyzed in 

this thesis shall respect the integral purposes of the project, explained in the Background Theory section. 

There will not be major systemic modifications considered (for example complete change of the shape of 

the building, or complete change of the Heat, Ventilation and Air Conditioning (HVAC) system), but rather 

minor modifications to the existing components of the systems within the building that could lead to a 

reduction in energy consumption. This is based on the idea that the current design has already been done 

by experienced engineers in HVAC, architecture, construction and project management with a strong focus 

in energy efficiency, and the solutions selected for the building are considered and assumed to be of good 

quality. As mentioned before, the energy use of the building is currently 47% lower that the BBR limit, and 

would therefore be interesting to analyze if it is be possible to reduce this further and reach the passive 

house standards regarding energy consumption. 

In order to answer the research questions mentioned above, a comparison between the architectural 

features of the Green Park Housing building and the energy efficiency measures within architectural 

design typically applied in low-energy buildings will be carried out, followed by an analysis supervised by 

professionals from Sweco AB and Anders Nyquist Arkitektkontor AB to evaluate possible architectural 

improvements that could be applied to the Green Park Housing building in order to reduce its energy 

consumption. These possibilities for modifications will be evaluated in the eyes of the current state and 

limitations imposed by the project. For this reason, it is very important to keep a close contact with the 

financers, developers, building inspectors and potential investors of the project. (Please refer to the 

Method section for a more detailed explanation of the methodology applied in this thesis). 

The figure 20,000 SEK/m2 has been chosen due to the fact that it is the limit recommended by the Land 

and Development department in the Municipality of Östersund, up to which they would be willing to pay 
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for the project. Since the Municipality of Östersund is one of the potential buyers for the Green park 

Housing project, this figure is relevant to be used in the thesis. 

This thesis will focus on generating improvements in the purchased energy of the building as a whole 

through architectural modifications, but it will not take into consideration improvements in the building’s 

property energy requirements (the electrical energy used for building services necessary for the use of the 

building, such as common lighting, fans and pumps). This is because it is assumed that the existing lighting 

distribution within the common areas of the building has already been designed efficiently from an 

architectural point of view, and further reductions in energy consumption of these electrical devices 

would have to be reached by the choice of more efficient devices. Since this thesis focus mainly in 

architectural and design issues, this point will not be considered. Considering the electricity consumption 

of fans and pumps within the ventilation and heating system, it is also considered that the best possible 

choices have been made by the experts, since energy efficiency was a strong focus during the design 

process. For this reason, improvements in the electricity consumption of these technical systems will not 

be considered. 

According to the BBR, the term “purchased energy” is considered as the building’s annual specific energy 

use in kWh/m2, Atemp per year. 1 It is the energy in normal use during a reference year that needs to be 

supplied to a building for heating, comfort cooling, hot tap water and the building’s property energy 

(electrical energy used for building services necessary for the use of the building). Purchased energy does 

not take into consideration household electricity use. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
1
 Atemp refers to the inside area within a building that is heated to 10 degrees Celsius or more. It is the area to 

which the purchased energy of a building will be calculated on. 
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2 Background theory 
 

This section provides information about the energy use and the energy flows in buildings that are 

important to understand the findings of the results. Apart from this, it also presents information about the 

Green Park Housing Project, the reasons for its existence and the architectural and technical 

characteristics of the Green Park Housing building that are relevant to understand in order to deal with 

energy consumption issues within the building’s design.  

2.1 Energy use in a building during its use-phase 
 

Buildings use energy in a number of activities during their use-phase. According to the division done by 

Bokalders & Block, it is possible to separate the use of energy in buildings into energy used for heating and 

cooling requirements (space heating, space cooling and water heating), and energy use in the form of 

electricity for appliances (refrigerators, freezers, dishwashers, washing machines, etc.), lighting, electrical 

devices (TV, stereos, computers, etc.) and for operating systems such as pumps and fans for ventilation 

and heat distribution and regulation systems. There are buildings that also use electricity for heating, but 

due to the high level of inefficiency of this use, this thesis will not take this into consideration (Bokalders & 

Block, 2010). However, and according to the scope of this thesis mentioned in the introduction, the use of 

household and operating electricity will not be analyzed. 

As mentioned above, energy is used by a building for different requirements, meaning that energy flows 

into the building. However, energy also flows out of buildings.  A building can therefore be regarded as a 

flow system (of energy, but also other resources such as materials, water, air and other goods). By 

studying the inward and outward flows of energy and finding ways to reduce them, it is possible to create 

buildings that conserve resources (Glaumann, 2007) by employing an architecture that combines energy 

efficient construction with passive heating and cooling. 

2.2 Energy flow in a building 

 
In a building, energy is lost through the roof, walls, floors, windows, doors and from exhaust air and waste 

water. Moreover, energy is also needed to heat the cold water and fresh air that is taken into the building. 

On the other hand, buildings are heated by various heat sources apart from the heat coming from the 

heating supply system, such as solar heat through windows, by waste heat from electricity and hot water 

use within the building, and through the warmth produced by people inside. Below there is a more 

developed outline of how energy flows in and out of buildings (Diakaki, 2008). 

Energy Out 

1) Ventilation 

Ventilation is the biggest source of heat loss in a low-energy building (Bokalders & Block, 2010). The 

incoming fresh air into the building has to be heated using energy (in winter this could mean having to 

warm up air from, for example -30 degrees to 20 degrees), and the exhaust air also contains large 

quantities of heat that are lost when it leaves the building, if this heat is not recovered using a recovery 

system. Moreover, there is always involuntary ventilation (draughts) in the building which causes further 

heat losses. The amount of heat lost through ventilation depends on how much the building is ventilated, 

on the temperature of the incoming air, on the building’s airtightness, and on whether heat is recovered 

from the exhaust ventilation air. (Bokalders & Block, 2010) 
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2) Windows 

The windows in a building can account for the second largest source of energy loss (Bokalders & Block, 

2010), due to the fact that they are the most poorly insulated component of a building’s shell. For example, 

an average modern three-room flat loses ten times more energy through the windows than through an 

equivalent size wall area. 

3) Roofs 

Depending on the shape of the building, it is possible that the roof is the largest insulated surface of the 

shell. Apart from this, due to the fact that heat rises, the temperature of the inner roof becomes relatively 

high, and is therefore subject to higher losses of heat than other insulated areas such as the walls. 

Moreover, the roof faces the cold night sky and the heat losses through the roof are relatively high. The 

roof should therefore be the best-insulated part of the house (Glaumann, 2007). 

4) Walls 

The walls usually also constitute a large surface of the shell that is subject to heat loss as well, and it is 

therefore important that they are well-insulated. 

5) Outer doors 

Even though outer doors are usually poorly insulated, there are usually relatively few outer doors, and 

therefore they do not mean such a high loss of energy. If high energy efficiency is to be reached, however, 

it is important that they are well insulated. (Diakaki, 2008) 

6) Foundation 

The amount of heat that is lost from the foundation depends, naturally, on its insulation, but also on its 

construction. A plinth foundation means that the floor is in theory one more outer wall. In the opposite 

situation (a slab foundation) the floor is only exposed to the ground temperature, which is relatively 

constant throughout the whole year. (Preisig, 1999) 

7) Cold Water 

In the same way as the ventilation intake air, cold water entering the building will take energy from the 

building when it flows within it. The temperature of incoming water is usually the same as ground 

temperature. Moreover, when hot water leaves the building, the heat in this water is lost, unless it is 

recovered using a heat exchanger that transfers the heat from the wastewater to the cold water that is 

entering the building. (Bokalders & Block, 2010) 

Energy In 

1) Solar heat 

The sun can be an important source of energy for the heating of a building if an appropriate architecture is 

chosen. The amount of solar heat contribution that a building can take advantage of depends on different 

factors such as the placement and size of windows, glazing type, angle of contact between the sun and the 

building’s façades, the color of the building, the ability for the material to absorb heat, thermal 

insulation, thermal mass, and shading. (Norton, 2014) 

2) Body Energy 

The heat that the body produces as a result of its metabolic processes is also a contribution of energy for a 

building. This point, however, will not be discussed in this thesis. (Bokalders & Block, 2010) 

http://en.wikipedia.org/wiki/Thermal_insulation
http://en.wikipedia.org/wiki/Thermal_insulation
http://en.wikipedia.org/wiki/Thermal_mass
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3) Household and operating electricity 

Household electricity and operating electricity contributes to heating through the heat that is emitted 

while they function. Lighting, appliances and operation systems all produce heat when they work. 

(Diakaki, 2008) 

4) Hot water  

The hot water that runs through the pipes in a building for hot tap water use contributes to the actual 

heating of the building. For example, “in an average single-family home, about 4000kWh/ year are used to 

heat hot water, of which approximately 500kWh contributes to space heating”. (Bokalders & Block, 2010). 

As mentioned earlier, the heat that remains in the waste water after it has been used in the tap or in the 

shower can also be recovered and used to heat up new incoming water into the building. This is done 

using a wastewater heat exchanger. 

5) The heating system 

Naturally, the heating system in a building will supply the remaining heat that is needed to meet the 

heating requirements of a building. 

2.3 The Green Park Housing Project 
 

Green Park Housing is a project that I developed during my internship period at the Eco-technology 

program in Mittuniversitetet, when I was hired as an intern at Östersunds Kommun, Sweco Management 

AB and Anders Nyquist Arkitektkontor AB. It is a portable housing project that seeks to work as a possible 

solution for the current acute shortage of cheap, single-person housing in Östersund.  The Green Park 

Housing building is a 60-apartment building constructed with recycled shipping containers and a built-in 

greenhouse. The project has high ambitions of sustainability and it was initially thought for being 

constructed in the Storsjö Strand area as a way of attracting people towards this part of the city whilst the 

bigger buildings of this upcoming neighborhood project were constructed. 2 For this reason, the building 

design analyzed by this thesis assumes that the construction will be made in the Storsjö Strand area, and it 

therefore adapts to the laws, regulations and purposes of this area. Moreover, the energy calculations 

done to the building are in accordance to the climate zone of Östersund. However, from a design 

perspective, the building has been developed to be flexible and therefore easily re-located to other 

locations, and this is an important point to consider when analyzing architectural changes for energy 

improvements. The exterior of the containers are to be left in their original state in order to allow for 

transportation in the way they were originally designed to (as shipping containers).  The Green Park 

Housing Project has been developed together with referent architects and engineers in Sweden, including 

eco-cycle architect Anders Nyquist from Anders Nyquist Arqkitektkontor AB, passive house designer 

Linda Hurtigh from Sweco Architects AB and HVAC engineer Torkel Andersson from DELTAte VVS-

konsult. 

2.3.1 Current situation of the Green Park Housing Project 
 

The Green Park Housing Project has been financed this spring of 2015 by Vinnova, Almi and Östersunds 

Kommun for me to carry out a system design (systemhandling) of the building, an energy calculation and 

an economic analysis, all of which were handed in to the financers the 17th of April of 2015, and are 

possible to access through Östersunds Kommun public files. This Background Theory is mainly extracted 

from these files, called Systemhandling Green Park Housing, all available for reference if so desired. A 

system design in this thesis refers to the general design of the architectural system that answers to three 

                                                           
2
 For more information about the Storsjö Strand area and Project please refer to 

http://storsjostrand.ostersund.se/ 
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basic questions: What does the building design consists of and how does it look and work? Is the concept 

technically, economically and legally feasible? Does it actually satisfy the needs that it was initially 

intended for? Due to the fact that a system design is not a detailed projection, it also means, naturally, that 

there is a limited amount of information about the building’s components, i.e. it only reveals up to a 

certain level of detail. For instance, the price for the windows used in the entrance of each apartment is 

calculated using construction calculation books (Wikells Sektionsfakta NYB – Teknisk-ekonomist 

sammanställning av byggdelar), and it assumes that the windows that would be installed are windows 

with a U-value of 0.8 W/m²K. The window brand and exact model, however, is not yet defined. This is also 

the reason why the economic and the energy calculation both have a marginal error specified.  

2.3.1.1 The building 

 

 
 

Figure 1 (above): General view of the Green Park Housing building. 

The Green Park Housing building consists of a block of 60 apartments, each apartment made of one 40ft 

High Cube Container (interior measurements: 12036mm x 2352mm x 2698mm) (Lundby Container 

Center, 2015). The building has three floors, each floor containing 20 containers. Apartments on the first 

floor are disabled-adapted, and the top two floors are not. On the lateral extremes of the building there are 

two containers on each side which make up the rooms for operation installations such as ventilation fans, 

electricity boxes, pellet combustor system for heat production for the whole building, bicycle and 

gardening tools storage. The south facing façade of the building consists of a built-in greenhouse and 

social area that is accounted to be heated to 10 degrees Celsius (Figure 1 & 2).  

 

 

Figure 2 (above): Top – North façade. Bottom – South façade. 
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Every container has windows on both ends. As seen in figure 2, windows on the north side are smaller 

than the windows on the south side. The entrance to the building is through the north side, located in the 

middle of the building where the main staircase is built, as seen in the north façade of the figure 2. This 

staircase connects to the walkways of each floor located on the south side, where every apartment has its 

entrance, as seen on the south façade of figure 2. The entrance of each apartment consists of a glass door. 

Beside this glass door there is a glass window. The south side of the containers consists therefore of a 

glass gavel that leads to the greenhouse. 

 

2.3.1.2 The greenhouse 

 

The greenhouse is built-in to 

the south façade of the 

building, and acts as a food 

production and social space. 

It also works as a sun 

collector for passive solar 

heating that preheats the air 

entering the apartments 

through the ventilation 

system. (Figure 3 & 6). 

 

Figure 3 (left): View from the 

inside of the greenhouse. 

 

 

2.3.1.3 The apartments 

 

 

 

Figure 4 (above): Top view from: top – disabled-adapted variation; bottom: non-disabled-adapted variation. 
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Figure 4 (left): Top section for: left – 

disabled adapted variation; right: non-

disabled-adapted variation. 

Both variations have their entrance 

through a glass door on the south gavel 

of each container and are equipped with 

own kitchen, bathroom and bedroom 

(Figure 3 and 4). Due to the space 

requirements posed by the BBR for the 

disabled-adapted apartment, the 

bathroom had to be fitted at the extreme 

of the apartment, as opposed to the 

middle like it was done on the non-

disabled-adapted variation.  

 

 

2.3.1.4 The walls and 

insulation of the containers 

Figure 5 (below): Wall structure. 

 

 

The walls of the containers are insulated on the inside using 

125mm of ISOGREEN spray insulation and double 13mm 

gypsum panels (Figure 5). 70mm steel joists are used to fix the 

gypsum panels to the insulation which is between the steel plat 

and gypsum panels. The total thickness of the walls (gypsum + 

insulation + steel plat) is 155mm. This was the maximum 

thickness of insulation possible to use to the inside of the 

container to have a chance to fulfill the BBR. Further intrusion 

into the inside would mean that the inside living area would 

not fulfill the certain building regulations in, for example, the 

corridor that passes next to the bathroom in the non-disable-

adapted variation.   
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2.3.1.5 The ventilation and waste water systems 

 

Figure 6 (below): Ventilation and waste water system for the Green Park Housing building 

 

The Green Park Housing building makes use of an assisted natural ventilation system. The system makes 

use of speed-controlled axial fans (located on the bottom left corner of figure 6) which helps the thermal 

driving forces to ventilate the apartments at a constant pace, regardless of the fluctuations in the outside 

environment. Instead of traditional heat recovery, the building uses 1.5m deep buried supply air channels 

(the blue and red channels in figure 6) where the incoming air is warmed up in winter and cooled down in 

the summer. By using this assisted natural ventilation system the electricity consumption for the fans will 

be relatively very low (about 1 kWh / m² years) compared to a traditional heat exchange ventilation 

systems (Andersson, 2015). As seen in the figure above, the air channel is located in front of the 

greenhouse where the intake air enters. It then flows through the pipe into the speed-controlled axial fans 

that divide the channels in two: one that feeds air into the greenhouse, and another that continues 

towards the north façade of the building and feeds air into each individual apartment. The black and grey 

waste water pipes (indicated in yellow behind the north façade of figure 6) also flow individually through 

the back of each apartment, and are then connected behind the north façade, and then flow into the on-site 

waste-water treatment plant (indicated by the four circles at the top left of figure 6). 

2.3.1.6 Relevant energy-related information 

 

1. According to the energy calculation done for the Green Park Housing building by DELTAte VVS 

Konsult, the building has a purchased energy consumption of 69 kWh/m2 per year. (Andersson, 2015) 

2. The U-values for the building are: 0.8 W/m²K for the windows, 1.0 W/m²K for the glass of the 

greenhouse, 1.0 W/m²K for the doors, 0.16 W/m²K for the roof of the containers, 0.2 for the walls of 

the containers, 0.29 W/m²K for the floor of the containers. (Andersson, 2015) 

3. The air leakages of the building at 50 Pa are 0.2 l/(s, m2). (Andersson, 2015) 

2.3.1.7 The economic calculation 

 
Sweco Management AB has done an economic calculation for the Green Park Housing project, which is 

also available at Östersunds Kommum public archives. This document, also available as an excel template, 

is used throughout this thesis whenever it is necessary to calculate the cost of an architectural 

modification. According to this document the project cost is currently 28,000,000 SEK or 15,900 SEK/m2.  
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2.4 Relevant criteria to reach Passive House standard 
 

As mentioned in the introduction, it is interesting to analyze whether the Green Park Housing building can 

reach passive house standards. This thesis will use some of the standards presented by Bokalders & Block, 

according to the Passivhus trade mark in Sweden by Hans Ek (Bokalders & Block, 2010). However, this 

thesis will not analyze neither judge if the building can obtain a full passive house certification, but rather 

if it fulfills some of the building requirements posed by the Passivhus trade mark in Sweden which are 

necessary to get the certification. This is because in order to judge all the different criteria of the building, 

various studies and energy calculations would have to be done to the building which is costly and overly 

time-consuming for the available time for this thesis. Examples include having to do new energy 

calculations for the building, noise calculations and others.  The criteria that will be judged within the 

passive house standards for the Green Park Housing building are the ones related to the insulation and the 

air tightness, as follows: 

 An air leakage through the climate shell of a maximum of 0.3L/(sm2) at a pressure of 50 Pa 

 Windows and doors with a U-value of maximum 0.9 W/m²K,  

 Floor and walls and roof with a U-value of maximum 0.1 W/m²K (Bokalders & Block, 2010). 

It is interesting to mention that the Green Park Housing has currently a purchased energy level of 69 

kWh/m2, Atemp per year, and that the limit to get a passive house certification in Östersund’s climate zone 

is of 55 kWh/m2, Atemp per year, i.e. approximately 10% lower. (Bokalders & Block, 2010) The requirement 

posed by the BBR for this type of housing is of 130 kWh/m2, Atemp per year. (Andersson, 2015)  
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3 Method 
The overall method used in order to answer the question of whether it is possible to reduce the energy 

consumption of the Green Park Housing building was to compare its architectural characteristics to a 

broad range of energy-efficiency measures that were found to be typically applied in the architecture of 

low-energy buildings, and analyze possibilities for the application of these measures into the Green Park 

Housing building by considering the current state and limitations imposed by the project.  

To do this, the methodology is broken down into three main parts that answers the three research 

questions. The first part was to carry out an investigation in order to create an outline of the main factors 

affecting energy efficiency in buildings, and the typical techniques applied by low-energy buildings in 

order to reach their high levels of energy efficiency. The main source used for this first step of the 

methodology was “The whole building handbook: how to design healthy, energy efficient and sustainable 

buildings” by Varis Bokalders and Maria Block, which is a technical handbook for sustainable building. The 

handbook uses a large number of case studies of low-energy buildings to present and analyze the main 

architectural measures available to increase the energy efficiency of buildings. This source was considered 

relevant for this thesis due to the broad number of case studies that it manages to cover, and like this 

present a wide variety of different energy measure typically applied in today’s low-energy architecture. 

Moreover, Bokalders & Block are Swedish architects which present various projects located in the same 

geographic region as the Green Park Housing buildnig, which other authors from other countries were 

found to miss. It was especially important to analyze a broad variety of low-energy building projects 

within the Nordic region because of the fact that there is no perfect combination of energy measures that 

can be adopted in all buildings in order to reach a high energy efficiency, but rather each project has its 

own limitations and decision criteria that determine the measures that can be adopted (Diakaki, 2008). 

There is off course a risk that the handbook (from 2012) might miss some advances in technology that 

have been done up to nowadays, but due to only a 3-year outdate, this thesis considers the handbook to be 

relevant. After this part of the method it was possible to have a broad set of architectural energy-efficiency 

measures which were outlined in the results, and to which the Green Park Housing building would be 

compared to in the next step of the method.  

The next step of the method was to, step by step, compare the architectural features of the Green Park 

Housing building and the broad set of energy efficiency measures acquired in the first step. The energy 

efficiency measures were evaluated in the eyes of the limitations and decision criteria imposed by the 

Green Park Housing project (its purpose, its economic limitations and its spatial and physical 

limitations.)(Please refer to the Background Theory). This process was supervised by passive house 

certified architects and other relevant constructors and HVAC engineers from Sweco AB and Anders 

Nyquist Arkitektkontor AB, as well as supported by relevant technical reports. Whenever it was necessary 

to obtain a price for a certain modification (for example a change into Vacuum Insulated Panel insulation 

or change into passive house windows) Sweco AB was contacted for recommendations on which company 

to contact for a price offer. These recommendations were done based on positive experiences (regarding 

price and quality) that Sweco AB has had in projects that dealt with low-energy architecture. This is 

considered to be a relevant method for an approximate price calculation as the ones used in this thesis, 

especially coming from a company which is experienced working with these types of projects.  Based on 

this it was possible to evaluate the feasibility of the different energy efficiency measures into the Green 

Park Housing project and determine which modifications were feasible and which were not.  

When relevant, the feasible modifications were compared to the passive house criteria in order to 

determine if they could reach the standards, or not.  

After this point it was possible to discuss and conclude whether it is possible to carry out modifications to 

reduce the energy consumption of the building, without exceeding a project cost of 20,000SEK/m2. 
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4 Results 

4.1 Main architectural and technological factors affecting the energy 

consumption of a building and ways to address them towards a higher 

energy efficiency 
 

After the broad analysis carried out as mentioned in the Method section, it seems to be that the main focus 

within the architectural measures for energy efficiency in low-energy housing are the following: 

The most important factor affecting the energy requirements of a building is its envelope, including the 

insulation, type of windows and the weather tightness (Bokalders & Block, 2010). However, there are 

other architectural and technological factors such as a building’s shape, type, its ability to store heat, its 

ability to recover heat, its temperature zoning and passive heating and cooling that also play a role in a 

building’s energy efficiency (Bokalders & Block, 2010). All these factors will be developed below by 

outlining how they affect energy requirements and by describing the different techniques that have been 

developed within each factor in order to reduce the energy requirements during a building’s use-phase. 

 

4.1.1 The building envelope 

 

As mentioned above, a building’s envelope is the most important factor affecting a building’s energy 

requirements. A building envelope is the physical separator between the conditioned (indoor) and 

unconditioned (outdoor) environment of a building that make up the resistance to air, water, heat, light, 

and noise transfer. The three basic elements of a building envelope are a weather barrier, air barrier, and 

thermal barrier. (Wilson, 2013) By building a good envelope, there is a reduction in the energy losses 

through thermal conductivity through the walls, roofs, floor, doors and windows and through convection 

by involuntary ventilation through air leaks.  

There are a number of factors that have to be considered in order to design a building envelope that 

manages to reduce the heat losses: 

4.1.1.1 Insulation 

 

Insulation in buildings refers mainly to the materials employed to slow heat transfer through the 

materials by conduction and convection. Commonly, insulation materials deal with these aspects by their 

ability to trap large amounts of air (or other gases). The thermal conductivity of gases is much lower than 

that in solids and in this way, heat transfer is reduced. (Straube, 2006) 

The insulation of a building is one of the most important aspects of building energy-efficient buildings due 

to the fact that it reduces the energy losses through thermal conductivity through the walls, roofs, floor, 

doors and windows. Buildings can be insulated with different materials put together into a building 

element, which have different insulating capacities, given as a U-value (W/m2 K, watt per square meter 

and degree Kelvin). The lower the U-value, the lower the thermal transfer of the building element, and 

therefore the better it is to reduce the heat loss from a building. The U-value of a building element 

depends on the R-value of the materials used in the element and on the thickness of the element. 

(Bokalders & Block, 2010) The density and specific heat capacity are other factors that also affect the 

insulation performance (U-value) but which will not be analyzed in this thesis. 

 

http://en.wikipedia.org/wiki/Building
http://en.wikipedia.org/wiki/Building_insulation_materials
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4.1.1.2 Thermal bridges and convection 

 

“A thermal bridge is an area of an object (frequently a building) which has a significantly higher heat 

transfer than the surrounding materials resulting in an overall reduction in thermal insulation of the 

object or building”. (Gorse & Johnston, 2012). Heat leaks out from buildings at thermal bridges either 

through convection or conduction. Thermal bridges “are common where supporting constructions pass 

through the insulating layer, where holes are made in the building envelope (i.e. at interfaces like wall-to-

windows, wall-to-wall, wall-to-doors and roof-to-chimneys, etc.), where architectural design has not 

provided enough insulation, and where insulation is poor due to technical building considerations” 

(Bokalders & Block, 2010) as shown in the figures below. 

Figure 7 (left) (Bokalders & Block, 2010): Places where there are risks for thermal 

bridges if an appropriate structure is not built. 

Figure 8 (left) (Bokalders & Block, 

2010): Thermal photography reveals 

thermal bridge due to failure in the 

construction of interfaces. 

 

In order to prevent cold bridges as much as possible it is necessary to make sure that there is continuity in 

the insulation. Where continuity is not possible, lapping of insulation can mitigate thermal bridges. 

(Totten & O’Brien, 2008) 

4.1.1.3 Windows 
 

As mentioned before, windows account for the second largest loss of energy in a building after losses 

through ventilation, due to the fact that they are the part of the shell with the worst U-value. (Bokalders & 

Block, 2010). The losses depend on the U-value of the windows, on their size and on whether the use of 

insulating shutters or curtains is implemented. It is therefore of high importance to install windows with 

low U-values if an energy-efficient building is to be constructed.  

 

Window manufacturing has improved significantly over the last decades, and certain manufacturers can 

now produce “passive house windows” with U-values of down to 0.6 W/m2K (Bokalders & Block, 2010). In 

order to make a comparison to other alternatives in the market, the BBR recommends that buildings that 

are heated up with a heating system that is not electricity, should have windows with a U-value of 1,3 

W/m2K. (Boverket, 2012) This shows that there are possibilities for improving the energy efficiency 

through improved window U-values. There is, however, a question of costs involved as well. 

Depending on the type, location and purpose of windows within a building, it is also possible to use 

windows which are made with insulated glass. This type of glass can have a U-value of down to 0.3 

W/m2K, which is significantly lower that the passive house windows. However, even though insulated 

glass can let in daylight and at the same time prevent heat loss from the building through conduction, it is 

not possible to see through them. Therefore, these solutions cannot replace conventional windows, but 

could instead be used in combination. Another application could be for a built-in glass porch or 

greenhouse, where heat from the sun warms up the space, and yet the insulation inside it prevents it from 

being lost. Moreover, as insulated glass does not let in 100% of the light, it also acts as a sun screen for the 

strong summer sun. (Bokalders & Block, 2010) 

 

http://en.wikipedia.org/wiki/Heat_transfer
http://en.wikipedia.org/wiki/Heat_transfer
http://en.wikipedia.org/wiki/Thermal_insulation
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There are different alternatives for insulated glass. One of them, and extremely efficient, is using Aerogel 

between the glass panes. “Aerogel is a synthetic porous ultralight material derived from a gel, in which 

the liquid component of the gel has been replaced with a gas. The result is a solid with extremely 

low density and low thermal conductivity that is fairly brittle and opaque and can let in up to 90% of the 

light. (Jones, 2002) Examples include, Kalwall+Nanogel, a product by the company Kalwall which is made 

up of panels filled with Nanogel. The U-value can reach 0.28 W/m2K. (Bokalders & Block, 2010) 

 

Another alternative for insulated glass is the Glass X, a glass system that integrates four system 

components: transparent heat insulation, protection from overheating, energy conservation and thermal 

storage and provides a U-value of approximately 0.5 W/m2K. It protects from overheating by having an 

incorporated prismatic glass layer in the space between the panes that reflect sunrays with an angle of 

incidence greater than 40 degrees (the high sun in the summer), while allowing the lower winter sun pass 

at full intensity and warm up the building. In the center of the glass panes there is a phase changing 

material (PCM) in the form of salt hydrate that has a melting point close to 0 degrees Celsius. This means 

that when the sun hits the window, the material melts, and stays molten during the day, storing the solar 

heat. When the temperature drops during the night, the material slowly freezes, and releases the heat 

again as pleasant radiant heat. (Bokalders & Block, 2010) 

 

4.1.1.4 Weather tightness 

 

As mentioned before, for a building to have a good envelope, more than good insulation and prevention of 

thermal bridges is needed. The airtightness is also of great importance in order to reduce the amount of 

involuntary ventilation (draughts) where heat may leak out of the building. Leaks usually have risk of 

occurring where different construction parts meet, i.e. at interfaces, e.g. at windows, window frames, or in 

the seam between two construction elements. (Bokalders & Block, 2010) They can occur due to lack of 

care during construction, or even due to the movement of the construction materials (wood, for example, 

changes in volume according to relative humidity). 

In order to reduce the number of leaks it is important that the windproof layers are continuous and that 

all the seams (a line of junction where two materials meets) are overlapped and compressed. According to 

Bokalders & Block, there are a number of critical points in a building that should be considered for leaks: 

i. where outside walls connect to the floor;  

ii. where window frames connect to walls;  

iii. between window casements and frames;  

iv. at the base of a roof;  

v. where inner walls connect to outer walls;  

vi. at pipe penetration points;  

vii. at electrical boxes on outer walls. 

Seams are inevitable in a building but it is important to design them properly so that is possible to seal 

them properly. As mentioned earlier with the insulation, windproof layers should also be designed so that 

they can be laid in an overlapping fashion and clamped down with moldings. 

Another important aspect within the weather tightness of a building is the weather stripping that properly 

seals windows and doors. (Preisig, 1999) 

4.1.2 Heat recovery 

 

As mentioned above, apart from losing energy through the envelope, buildings also lose energy through 

the ventilation system and through wastewater. It is possible however, that buildings recover heat from 

these two sources by using heat exchangers and heat pumps that can recover heat that is present in the 

http://en.wikipedia.org/wiki/Manufacturing
http://en.wikipedia.org/wiki/Ultralight_material
http://en.wikipedia.org/wiki/Gel
http://en.wikipedia.org/wiki/Liquid
http://en.wikipedia.org/wiki/Gas
http://en.wikipedia.org/wiki/Density
http://en.wikipedia.org/wiki/Thermal_conductivity
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exhaust air from the ventilation system and in the waste water. These methods are shortly described 

below: 

4.1.2.1 Air-to-air heat exchangers 

 

Air-to-air heat exchangers are used to recover heat from exhaust air that is leaving the building, in order 

to heat the cold intake air, and therefore reduce the amount of energy required from the heating system to 

warm it up. Air-to-air heat exchangers have been questioned by many, regarding their level of efficiency, 

and high use of electricity. “Exhaust and supply air ventilation with heat recovery, FTX, has long been a 

popular way to bring down energy consumption in buildings. But the benefits of an FTX system are 

limited. On average, the energy gain is not greater than 11 kWh (kilowatt hours) per square meter per 

year. This corresponds to an efficiency of 21 percent.” (Ringström, 2009) 

4.1.2.2 Exhaust air Heat pumps 

 

There is another option to the air-to-air heat exchanger system, which consists of recovering the heat 

from the exhaust air to warm up incoming cold water. This is done by using an exhaust air heat pump 

which removes heat from the exhaust air and is then used to heat incoming water. While the air-to-air 

heat exchangers can only be installed in buildings that have an intake and exhaust air system (where the 

intake and exhaust air channels meat in a heat exchanger) the advantage of an exhaust air heat pumps is 

that it can be installed in buildings that have normal exhaust air system (where the intake and the exhaust 

air channels don’t meet). (Bokalders & Block, 2010) 

It is important to mention that exhaust air heat pumps are relatively expensive to install and are not 

economically worthwhile in extremely energy-efficient single-family houses. They are however often used 

in blocks of flats and other large buildings. (Glaumann, 2007) It is therefore relevant to consider this 

alternative for the Green Park Housing project, since it consists of a block of 60 apartments.  

4.1.2.3 Waste water heat exchangers 
 

As mentioned before, waste water contains large amounts of heat that, if recovered before exiting the 

house, could lower the energy requirements of a building. This can be achieved by using a waste water 

heat exchanger that removes the heat from the waste water before leaving the building and uses it to 

preheat the cold water incoming into the building. In principle, this is done by using a pipe-in-pipe system, 

as shown in figure, where the waste water flows in a pipe inside of the incoming cold water, and like this, 

transfers the heat to the incoming cold water, and gets preheated before entering the hot water heater. 

(Ek, 1987) 

4.1.3 Architectural design 

 

The architectural design of a building has an important influence on its energy requirements. “Smaller, 

well-planned buildings save energy. Architectural devices that influence energy efficiency include the 

building’s shape and type, temperature zones, how much it is dug into the earth, as well as options that 

make it possible to use passive solar heat”. (Bokalders & Block, 2010) 

4.1.3.1 Building shape 

 

In order to design energy efficient buildings, it is important to aim for a shape of building that encloses the 

largest possible volume with the smallest possible outer wall surface area, i.e. to reach the lowest possible 

surface area to volume ratio. This will reduce the amount of energy lost through the building’s envelope. In 

theory, the best shape considering this matter is a sphere. However, due to the fact that it is difficult to 

make use of the space inside of a sphere, energy-efficient buildings are commonly designed square-

shaped, which also has a relatively low surface area to volume ratio. 
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4.1.3.2 Building type 

 

In combination with the building shape, it is also important to consider the type of building that is being 

designed, and how the needs of the project can be satisfied by designing a type of building that is energy 

efficient. For example, the number of storeys and how the different parts of a building are put together 

into one whole architectural entity is very important in terms of energy efficiency. By having this in mind 

it is possible to reduce the surface area of the outer walls and roof. (Bokalders & Block, 2010) For 

instance, by designing houses that are fixed to each other by the lateral walls, we already reduce the 

amount of outer walls, and by designing blocks of flats it is possible to reduce the amount of outer roofs. In 

terms of energy, these options are better than individual houses that have a greater area of outer walls 

and roof. 

4.1.3.3 Temperature zones 

 
By reducing the amount of volume heated up in a building it is possible to reduce the energy 

requirements. This can be achieved by dividing a building into different temperature zones, according to 

their utility. For example, spaces such as storage areas and food larders can be located in the north side of 

the building (that receives less sun) and kept colder by providing less heat to it. On the other hand, spaces 

which require higher temperatures such as living rooms and bedrooms can be located on the south side of 

the building. Considering the fact that the Green Park Housing building has one-space apartments, this 

point is not so relevant to consider for each individual apartment. However, it is relevant to consider for 

the building as a whole due to the fact that there is a built-in greenhouse in the south façade that is heated 

to a different temperature than the apartment section. 

 

4.1.3.4 Passive Solar Heat 

 

It is possible save energy in a building by using the free heat from the sun by, for example, placing 

windows in the south façade. However, there are other architectural methods available in order to 

increase the use of passive solar heat of buildings. Examples include using a glassed-in veranda or 

greenhouse in the south side of the building that reduces the amount of outer walls of the building and 

also acts as a preheater of air. This heat can then be transferred into the building by opening vents, 

windows or a door. Temperature zoning would be an important factor here so that the glassed-in veranda 

or greenhouse doesn’t require excessive amounts of energy to be heated up, but rather acts as a pre-

heating of air for the rest of the building (Bokalders & Block, 2010).  Other examples of ways to maximize 

the use of passive solar heat are installing a heavy heat regulating mass in the south which can absorb 

heat and transfer it to the building and designing the building so that the solar heat can easily be 

transferred to the rest of the building. 

 

4.1.3.5 Solar Screening 

 

When the south face of a building is glassed in, it can get too hot in the building at certain times of the year. 

Various solar screening techniques can be used to reduce the excess heat. The most common examples 

include permanent constructions such as overhangs, balconies and porch roofs that block the high 

summer sun but let the lower winter sun into the building. (Bokalders & Block, 2010) 
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4.2 Possibilities for architectural modifications in the Green Park Housing 

building towards higher energy efficiency 
 

Based on the Background Theory and the information mentioned above, this part of the result presents 

the analysis done about the possibilities for architectural and technical modifications in the Green Park 

Housing building that will contribute to a reduction in its energy consumption. This was done by 

comparing the architectural techniques to increase energy efficiency mentioned up to now in the results 

with the architectural characteristics of the Green Park Housing, one by one. The possibilities mentioned 

are always followed by a cost calculation. It will be interesting to analyze also if these improvements could 

enable the project to reach passive house standards. 

4.2.1 The building envelope 

4.2.1.1 Insulation 

The insulation used inside the containers of the Green Park Housing building is an especially important 

point to address, due to the fact that the choice of the insulation material and its positioning is affected not 

only by the objective of reaching a low U-value, but also by various other aspects and limitations that the 

project poses.  

Firstly, the container’s fixed dimension that are long and narrow already poses an important limitation on 

the amount of insulation that can be added to the inside of the container, and still assure that the 

requirements for space divisions and disabled-people considerations posed by the BBR are met. 

BBR requirements to be considered in this matter: 

a. The height of the rooms in a dwelling has to be at least 2,40m. (Boverket, Tillgänglighet, 

bostadsutforming, rumshöjd och driftutrymmen, 2013). The current height of the 

apartment in the Green Park Housing building is 2385mm (figure 9). 

b. In order to meet the disabled-people requirements with the 900mm bed, the room must 

be 2100mm wide (900mm for the bed and 1200 free space beside the bed for wheel chair 

use). (Boverket, Tillgänglighet, bostadsutforming, rumshöjd och driftutrymmen, 2013) 

The current width of the apartment is shown to be 1981mm and the free space beside the 

door is therefore 1081mm (figure 4). It is however possible to put an 800mm bed. 

c. In the apartments in floor 2 and 3, which are non-disabled-adapted, the corridor outside 

the bathroom is 961mm (Figure 4). The BBR requirement is that a corridor longer than 

1m between walls must be 1200mm wide. (Boverket, Tillgänglighet, bostadsutforming, 

rumshöjd och driftutrymmen, 2013). 

 

Figure 9: Section 1 (according to Figure 4) of both variations – disabled adapted (left) and non-disabled-

adapted (right). It is possible to see the height of both containers. 

 

 



- 19 - 
 

With this information above, and assuming that there will be no changes in the space distribution of the 

containers, it is can be said that it is impossible to increase the thickness of the insulation towards the 

inside of the containers and meet the requirements posed by the BBR. 

 

Having the objective of the thesis in mind (reducing the energy consumption of the building), the previous 

information leads to two possibilities: either add insulation on the outside of the container, or use an 

insulation that can provide a better U-value for the equivalent thickness, or even for a smaller thickness. 

However, referring to the Background Theory section of this thesis, it is mentioned that one of the 

priorities of the project is that the building has to be easily portable, and that the outside of the containers 

has to be left in their original state in order to guarantee that they can be employed as what they were 

designed to be employed for (shipping containers) in terms of transportation and in terms of piling them 

on top and besides each other. Based on this last information, an available option in order to improve the 

U-value of the walls, floor and roof and at the same time reduce its thickness is to find a material with a 

better lambda value. The lambda value of the current foam spray insulation (closed cell HEATLOK 

polyurethane SOY 200) planned to be used in the apartments is of 0.022 W/mK as according to the Frame 

Description Report for Green Park Housing and the Technical Description of the product.  (Strand, 2015) 

 

After extensive research, it was not possible to find conventional insulation materials with a lower lambda 

value than 0.02 W/mK. Companies in the architecture and construction industry such as Sweco Architects 

AB in Östersund were also consulted, and they could not come up with recommendations for conventional 

insulation material with a better lambda values than the one planned to use. It is therefore reasonable to 

say that it is not possible to decrease the U-value of the walls, floor and roof of the containers with the use 

of conventional insulation. 

 

There are, however, materials that are less conventional, but that seem to have an increased application in 

the market. The type of insulation that nowadays provides the best lambda value is the Vacuum Insulated 

Panels, which has an overall lambda value of 0.006-0.008 W/mK after allowing for thermal bridging (heat 

conduction across the panel edges) and the inevitable gradual loss of vacuum over time (Erb, 2005). In 

order to start an analysis on the feasibility of this type of insulation, the German company Porextherm was 

contacted regarding the use of their Vacuum Insulated Pannels called Vacupor. According to the Sales 

Department of the company, the use of their Vacupor Pannels would be of approximately 1674 SEK/m2, 

compared to 235 SEK/m2 that is the cost for the spray insulation planned for the project. The economic 

difference seems to be very significant. However, this would consist of an insulation that is 70mm thick 

(two Vacupor Vacuum Insulated Panels of 35mm and a U-value of 0.2 W/m²K each) and a U-value for the 

walls, roof and floor of the containers of 0.1 W/m²K. This modification would mean that the passive house 

standards for the U-values of the walls, roof and floor would be met. 

 

By using the economic calculation template that was done for the project, it is possible to calculate that if 

the spray insulation were to be entirely replaced with the Vacupor insulation, then the cost for the whole 

project would increase from 15,900 SEK/m2 to approximately 20,100 SEK/m2. (Åkerström, 2015) 

 

If this value is rounded up to 20,000 SEK/m2, then it can be said that it is possible to use this insulation 

within this project, and change from walls, roof and floor that in the current design have a U-value of 0.22; 

0.16 and 0.29 W/m²K respectively (Strand, 2015), to all of them having a U-value of 0.1 W/m²K if the 

Vacuum Insulation Panels were to be installed. This is a significant improvement in insulation 

(approximately half of the U-value), but it is also a significant increase in cost. Whether this is a 

modification that wishes to be done in the project will depend on the intentions of the project. But apart 

from the use of Vacuum insulated panels there doesn’t seem to be other alternatives for insulation that 

can be used to the inside of the containers (as opposed to exterior insulation), allow for the fulfillment of 

the BBR requirements, and at the same time improve the insulation value to passive house standards. 
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4.2.1.2 Thermal bridges and convection 

The thermal bridges seem to be a problem within the containers. As seen in figure 4, the structural 

corners of the containers protrude into the inside. This poses a difficulty, together with the space 

limitations of the container, to cover them with the same insulation of the walls. As it is seen in figure 4, 

even though the insulation on the walls is of 125mm, on the corners of the container it is significantly 

thinner, precisely due to these structural protrusions. According to the definition used in the Results 

section, this is a thermal bridge. Based on the theory presented in the Results section and through 

consulting architects at Sweco Architects AB, two proposals are presented below as a possible solution to 

the problem of the thermal bridges on the corners of the containers. 

 

4.2.1.2.1 Construction of an insulated frame on the outside of the gavels of each container 

 

Building an insulated frame on the outside of the two gavels of the containers is a solution that can solve 

two problems at once. The first one, naturally, is the problem of the thermal bridges mentioned above. As 

it is shown in figure 10, by placing an insulated frame that runs along the structural frames of the gavels of 

the container (which, at the same time are the structural frames that protrude into the interior of the 

containers causing a thermal bridge) it means that these structural steel frames are not in contact with the 

exterior climate any more. These structural frames are now insulated, and therefore do not become so 

cold. In principle, it can be said that they are now part of the interior of the container. In this way, it seems 

that the problem of the thermal bridges due to these cold protrusions is solved. 

 

The second problem that this insulated frame construction solves is an issue related to the weather/air 

tightness of the building. As shown in figure 10, there is a small space that runs between each container. If 

this space wouldn’t be blocked, it would mean that exterior air would flow in freely between every 

container, meaning that in principle all the walls of the containers would be exterior walls facing the 

outdoor climate. In this way, even though the containers themselves are air tight, the whole building 

would not be air tight, and there would be much more energy loss through the walls of each container. For 

this reason, the Green Park Housing building had already come up with a solution for covering these 

spaces by constructing an insulated frame. In the Konstruktions PM Green Park Housing document, it is 

stated: “Between the containers will be a gap of about 50mm. This space column is covered with a metal 

plat screwed to the containers using self-tapping screws. To the back of the plate facing the inside of the 

space column there will be insulation attached (for example mineral wool), partly to prevent air flow and 

partly to prevent the fire to proceed in the gaps”. (Eriksson, 2015) 

 

However, this frame was only intended to act as an insulating and weather tightness device for the space 

column between the containers, but it did not cover the steel structural frames of the container 

completely. Therefore, this new construction that is being proposed in this thesis would be an extension of 

this ready existing frame construction. 

 

As mentioned previously, part of this solution was already designed and economically accounted for in the 

project. It is therefore assumed that doing the small modification to the existing system in order to also 

avoid the thermal bridges, will only mean a minor increase in the cost, and will therefore not be accounted 

for economically. It is assumed that the 10% margin of error that the economic analysis has is enough to 

be able to do this assumption, especially since the economic calculation is done for a system design, and 

not for a detailed projection. 
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Figure 10 (below): Insulated frames and insulated corners to avoid cold bridges. 

 

 
 

 

4.2.1.2.2 Reinforcement of inside insulation in the corners of the containers 

 

Another possibility to address the problem of the thermal bridges in the container is to reinforce the 

inside insulation in the corners of the container (Figure 10), in such a way that the thickness of the 

insulation is actually constant throughout the whole interior. Following the same reasoning as the 

proposal above, it is assumed that this modification will not have an effect on the cost level for the project, 

since it only consists of a small addition to the existing insulation. 

 

In order for these solutions to work, however, there is one modification that would have to be done to the 

non-disabled-adapted variation (top container in figure 10, left container in figure 4). The window of the 

north gavel of the container is placed directly connected to the structural corner of the container. This 

means that this window would have to be moved a few millimeters away from the corner so that the 

insulation can actually cover the whole structural corner of the container. Otherwise, the thermal bridge 

would not be eliminated. 

In the Results section it was mentioned that thermal bridges “are common where supporting 

constructions pass through the insulating layer, where holes are made in the building envelope (i.e. at 

interfaces like wall-to-windows, wall-to-wall, wall-to-doors and roof-to-chimneys, etc.), where 

architectural design has not provided enough insulation and where insulation is poor due to technical 

building considerations”. It could be said that these problems can be solved by the two proposals 

mentioned above. Proposal “a” however, seems to be more efficient in terms that it solves more issues at 

once: it deals with the supporting construction passing through the insulation layer (the structural 

corners), and it also works as an overlapping layer that covers potential heat losses through convection 

through the wall-to-window interfaces at the gavels of the container. This proposal seems to be an 

appropriate architectural/technical building design that solves the problem of thermal bridges, without 

producing considerable changes in the cost of the project. 
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4.2.1.3 Windows  

 

As mentioned in the Results section, windows are the weakest link in a building’s envelope, and it is 

therefore important to choose well insulated windows in order to reduce the energy requirements of a 

building. 

According to Bokalders & Block, there are windows that can reach a U-value of down to 0.6 W/m²K. The 

company Norlux recommended in Bokalders & Block’s book was contacted, but through further research 

and contacts in Sweco Architects AB, other companies were also consulted. A Latvian window company 

called i2 was found to have windows reaching the same U-value of 0.6 W/m²K, but at a lower price. 

According to the Head of Sales in i2 the cost to install their passive house windows and glass doors (for 

the entrance to each apartment) with a certified U-value of 0.65 W/m²K in the Green Park Housing 

building would be of approximately a total of 1,875,537 SEK. 

The windows that are currently accounted for in the Green Park Housing project have a U-value of 0.8 

W/m²K (which would already meet the passive house standards) and the doors a value of 1.0 W/m²K 

(Passive house standard is 0.9 W/m²K)  and account for 865,474 SEK for the whole project. (Åkerström, 

2015) Changing all the windows and glass doors of the building to those offered by i2 would mean that the 

project cost would rise from 15,900 SEK/m2 to 16,800 SEK/m2. This means that this modification 

individually is a viable one. 

Insulated glass: 

The Results section mentions the existence of insulated glasses that provide significantly lower U-values. 

These cannot be used for the windows of the containers because they are not transparent, but in theory 

they could be considered for use in the built-in greenhouse. However, after discussions with the building 

inspectors in the Land and Development Department in the Municipality of Östersund, it was determined 

that putting insulated glass in the greenhouse would mean that not enough daylight would be reaching 

into the containers. Even though this was not calculated to prove whether it would still be possible to 

meet the BBR requirements for the amount of daylight into each apartment (computer simulation 

programs are required for such calculations), this thesis will assume that, based on the recommendations 

from this expert, it is not possible to use insulated glass in the greenhouse. 

4.2.1.4 Weather tightness 

 

The fact that the containers are entirely made out of steel is already a significant advantage in terms of 

weather tightness (the container provider company LCS from Gothenburg for this project guarantees that 

they are 100% weather tight). Moreover, there are no holes made to the containers apart from those on 

both gavels necessary to install the windows, glass doors and piping. Due to this, it is not necessary to 

address the issue of weather tightness to the side walls of the container.  

 

Weather tightness is an important issue to be addressed in the wall-to-window interfaces (i.e. where the 

window frames meet the steel layer of the containers in both gavels), and in the spaces between the 

containers. It is however possible to say that these two aspects of weather tightness are solved by the 

combination of the solutions mentioned in points 2 and 3 of this section. By installing passive house 

windows that have insulated frames, and by constructing the insulated frames in 4.2.1.2.1 that also cover 

the frame of the window, then the seams of the wall-to-window interfaces are covered. It is important that 

these insulated frame constructions are properly compressed. 

There are other places in a building that there is risk for failures in the weather tightness of the building. 

These include, for example, HVAC pipe penetration points, at the base of a roof and where electrical boxes 

penetrate outer walls. However, since this is an issue that is common to all types of buildings (not only to 

this non-conventional container building), it is assumed that the management of this problem through 
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conventional caulking and weather stripping is already included in the price of the project and therefore 

requires no deeper analysis. It is, however, an important issue to have in mind when designing the more 

detailed projections of the project. 

 

4.2.2 Heat recovery 

 

4.2.2.1 From exhaust air 

 

As mentioned in the Background Theory the Green Park Housing building makes use of assisted natural 

ventilation, and there is no intake and exhaust air system. The building makes use of a normal mechanical 

exhaust air system, where intake air comes in through one place and exhaust air leaves the building 

through another place, as seen in figure 6. 

Due to this, it is not an option to install a centralized air-to-air heat exchanger (FTX), because this would 

require the installation of an intake and exhaust air system, and as mentioned before in the thesis, the 

starting point of this investigation was that there wouldn’t be any changes in the existing systems. 

 

Regarding the installation of an exhaust air heat pump, the Green Park Housing building faces the same 

problem. Due to the fact that there is an exhaust air duct for each individual apartment, and the hot water 

heater is placed in the lower right container of the container house, it is not possible to get the exhaust air 

duct to meet with the hot water heater in order to do the heat exchange. 

 

So the use of an exhaust air heat pump would only be possible under the condition that the HVAC system 

is changed in such a way that the exhaust air ducts from each apartment can be connected in some way 

and directed towards the hot water heater in order to allow for the heat exchange. In other words, to 

centralize the exhaust air pipes. 

 

4.2.2.2 From waste water 

 

Due to the same issues of decentralization of the systems, recovering heat from the waste water system 

seems to be hard for the Green Park Housing project and will therefore not be analyzed. 

 

 

4.2.3 Architectural design 

There is a number of architectural design factors mentioned in the Result section that affect the energy 

requirements of a building. 

4.2.3.1 Building shape 
 

It can be said that the fact that the Green Park Housing building is constructed from shipping containers 

provides significant flexibility to modify the shape of the building in order to tend towards a lower surface 

area to volume ratio. By using the architectural drawings in the Background Theory (and considering only 

the apartment containers and excluding the green roof and the greenhouse) it is possible to calculate that 

the current shape of the building has a surface area to volume ratio of approximately 0.44. If the building 

were to be constructed with double the height and half the length (in order to tend to a square shape) then 

the surface area to volume ratio would drop to approximately 0.37. This therefore shows that it is possible 

to do changes in the shape of the construction in order to achieve a shape that has a reduced surface area 

to volume ratio and therefore a reduced amount of heat loss through the envelope. However, in order to 

decide for the viability of this modification it is necessary to consider various factors, mainly regarding 
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cost, construction stability and fulfillment of building regulations. For example, building a higher building 

means that there will be significantly more staircases and pathways needed to be constructed. Referring 

to the research question of this thesis, it would have to be further analyzed whether the price of adding 

the new structures to the building in order to make it higher will cause the project cost to rise, or if the 

reduction in surface area (and therefore in the foundation and roof area) will actually mean that the cost 

remains fairly equal. However, even though this is an interesting point to consider, changing the shape of 

this building to a square structure changes completely the architectural concept of the project, and as 

mentioned in the introduction, these type of changes were not going to be considered. 

4.2.3.2 Building type  
 

This aspect of architectural design seems to be well managed in the Green Park Housing building. Even 

though the containers are insulated good enough to be placed individually, the building instead puts the 

containers together and reduces the amount of outer walls and roofs that are exposed to the outdoor 

climate. According to the theory in the Results, this provides significant energy savings compared to have 

individual apartments. 

4.2.3.3 Passive solar heat 
 

The Green Park Housing building makes use of passive solar heat through the built-in greenhouse. Energy 

calculations done by DELTAte VVS-Konsult show that the building has a reduced energy consumption by 

the installation of the greenhouse, as opposed to having the south gavels of the containers facing the 

outdoor environment (Andersson, 2015). It can be therefore said that the greenhouse manages to make 

use of passive solar heat. Modifications within the aspect of the greenhouse could include better insulated 

glass, but as mentioned previously, installing insulated glass is not an option for this project. Moreover, 

Bokalders mentions that due to the limited contributions of passive solar heat in the Nordic regions, it is 

important that the solutions to take advantage of this energy source should be cheap and simple 

(Bokalders & Block, 2010). The cost of the greenhouse is already considered to be relatively high 

(approximately 20% of the project cost) (Åkerström, 2015), and it is therefore considered that there will 

be no modifications done within the use of passive solar heat of the Green Park Housing building, since 

better insulated glass would also mean a further increase in cost. This decision was also supported by the 

Land and Development Department in the Municipality of Östersund, potential investors of the project. 

4.2.3.4 Temperature zones 

 

Due to the fact that the Green Park Housing building has one-space apartments, this point is not relevant 

to consider for each individual apartment, but it is relevant to consider for the building as a whole due to 

the fact that there is a built-in greenhouse in the south façade. As mentioned in the Results, glass has a 

significantly higher U-value than the materials used for the rest of the building envelope. Therefore, the 

fact that the greenhouse makes up such a large part of the building means that it would be highly energy 

demanding to keep this relatively large volume of the building heated up to 20 degrees Celsius like the 

apartments are. Temperature zoning here is therefore an important issue when considering energy 

requirements so that the greenhouse doesn’t require excessive amounts of energy to be heated up, but 

rather acts as a pre-heating of air for the rest of the building (Bokalders & Block, 2010). The greenhouse is 

currently designed to be heated to 10 degrees Celsius, and it can therefore be said that temperature 

zoning is already applied. This temperature was set based on the idea that the greenhouse should be a 

space where it is possible for people to interact in winter time, and it is therefore not something that can 

be changed in the project  (refer to the Background Theory).  
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4.2.3.5 Solar Screening 

 

The project does not count with any sun screening of the greenhouse, due to the fact that the excess heat 

in the summers is assumed to be controlled by the natural ventilation ducts and the opening windows at 

the top of the greenhouse, as mentioned in the VVS Green Park Housing Systemhandling report by Torkel 

Anderson, which do not require any extra energy costs. It seems therefore that this aspect of the building 

requires no additional modification. However, if it is necessary to do solar screening, it can be considered 

to change the construction in a way that the roof is tilted in the opposite direction, so that it screens the 

high summer sun by the downward facing roof overhang.  Since it is a minor structural change, it is 

assumed that it will not cause changes in the cost of the project. It would, however, be necessary to 

analyze if this affects the amount of light going into the apartments that could hinder the approval by the 

BBR. 
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5 Discussion 
According to the Results it seems to be that reducing the energy consumption of the Green Park Housing 

building through improvements in its architectural design is possible, and it is possible to be done within a 

project cost of no more than 20,000 SEK/m2. However, it seems to be that it is not possible to improve all 

of the aspects analyzed in the discussion to the extents proposed, since this would cause the project cost to 

rise over 20,000 SEK/m2. It seems to be that there are various possibilities for improvements in the 

architectural design that would lead to a reduction in the energy consumption of the building, but in order 

to maintain the project cost below 20,000 SEK/m2 it is necessary to be selective amongst which 

improvements to carry out, and also to what extent. 

Based on the limitations posed by the project it seems to be that the clearest possibilities for improvement 

are within the building envelope, mainly related to the insulation, the prevention of thermal bridges, the 

weather tightness and the choice of windows and doors. Improvements in sun screening for the building 

also seem to be feasible. On the other hand, changes within heat recovery, building shape and type do not 

seem to be feasible due to technical limitations imposed by the current systems employed in the building, 

and due to the project’s will to maintain the existing shape. 

It seems to be that one of the greatest limitations to improve the building envelope is the dimensions of 

the containers. The fact that they are so narrow complicates the addition of insulation to the inside 

without compromising meeting the building regulations posed by the BBR. Due to this fact, the only 

alternative found in order to improve the U-value of the walls, roof and floor of the containers to the 

passive house standards (maximum 0.1 W/m²K) was to change the spray insulation to a Vacuum 

Insulated Panel insulation. This change alone would increase the project cost to 20,000 SEK/m2 making it 

impossible to carry out other changes without exceeding the budget limit posed in this thesis. 

On the other hand, changing all windows and glass doors of the containers to better insulated ones with a 

U-value of 0.65 W/m²K would raise the project cost from 15,900 SEK/m2 to 16,800 SEK/m2. 

The improvements done within the elimination of thermal bridges and the reduction of air leakages in the 

building can be considered to be carried out within the current project cost, as explained in the results. 

From this it is possible to say that if the intention of the project is to reach a passive house standard 

building, the investment should be done in the insulation. This is because the current insulation does not 

meet the passive house requirements, and the change to Vacuum Insulated Panel insulation would mean 

that the passive house standards for the insulation would be met. On the other hand, the current windows 

of the building already meet the passive house standards and in this sense it is therefore not necessary to 

change them for better ones. 

However, if the intention of the project is only to reduce the energy consumption of the building keeping 

the project cost below 20,000SEK/m2, the choice of which improvements to apply can be done by 

combining different decision criteria such as effectiveness of the improvement, cost, benefit and pay-back 

time. It would be necessary to further analyze how big the reductions in energy consumption produced by 

the different improvements to the buildings, the economic benefits that these reductions in energy 

consumption would bring, and whether they provide a pay-back period that is feasible for the project. To 

do this it is necessary to carry out further calculations. 

From an overall perspective, it can be seen that there are limitations to reducing the energy consumption 

of the building. Examples mentioned in the discussion are the intentions of the project, the building 

regulations and the use of the building. Based on this it, it is possible to say that due to the 

competitiveness of the involved decision criteria in this project – and probably any building project - there 

is no optimal solution for applying the maximum possible number of energy efficiency measures (Diakaki, 

2008). 
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6 Conclusion 
From this thesis it is possible to conclude that it is possible to reduce the energy consumption of the Green 

Park Housing building through improvements in its architectural design, and this is possible to be done 

within a project cost of no more than 20,000 SEK/m2. 

The possible improvements are within the building envelope, mainly related to the insulation, the 

prevention of thermal bridges, the weather tightness and the choice of windows and doors. It is however 

not possible to carry out all these changes presented in the Results without exceeding 20,000 SEK/m2, so 

in order to maintain within this limit it is necessary to be selective amongst which improvements to carry 

out, and also to what extent, as it is developed in the discussion. In order be able to carry out a selection of 

the best alternatives for modification, it is recommended that further studies are done in terms of the 

energy reductions that each modification would bring along, of the pay back times and of the purpose and 

intentions of the project and its potential investors.  

It can further be concluded that the passive house standards mentioned in the Background Theory can be 

reached by replacing the current insulation with the Vacuum Insulated Panels presented in the Results, 

and still keeping within the economic limits. 
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