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Abstract 

The public transportation in Stockholm is expanding and in order to meet the new demand the 

amount of buses and depots will have to increase within the city. As a result, it is getting more 

important to evaluate and analyse the performance of bus depots in order to reduce its 

environmental impact. The aim of this work is to study the production and operational phase 

during a bus depot’s life cycle and introduce saving measures that can reduce the emission of 

carbon dioxide equivalents (CO2eq). This study is conducted in collaboration with Skanska 

and the depot chosen for this study is currently under construction and located in 

Charlottendal, Värmdö. A base model is created for the whole bus depot area and the 

environmental impact is evaluated regarding the activities and usage of materials during 

production and the energy usage during operation of the depot. The evaluation of the model is 

performed by using the calculation tools IDA ICE, Anavitor, SPIK and Excel, and the 

environmental impact is expressed in terms of emission of CO2eq during the lifetime of the 

depot, which is assumed to be 50 years.   

In order to investigate how bus depots can be built to be more climate neutral and energy 

efficient, several saving measures are evaluated in four cases. The first two cases are focusing 

on optimising the usage of materials in the building process, by reducing the material groups 

with the highest environmental impact and considering green construction solutions. The 

other two cases are aiming towards enhancing the energy performance of the depot, by 

reducing the usage of energy according to BBR and deliberating an indoor parking place for 

the buses.  

The total emission of CO2eq from the base model is determined to be approximately 16 000 

tonnes during the lifetime of the depot. About 42 percent of the environmental impact is 

instigated during the production phase and the rest of the emission is caused by the use of 



electricity and heat during operation. By considering the implemented measures it can be 

concluded that the largest reduction in emission can be obtained by optimising the usage of 

materials on the site, which is achieved by reducing two of the largest materials groups 

consisting of concrete and asphalt. By reducing the usage of these materials the total emission 

from the production phase can be reduced by approximately 9 percent and the total emissions 

can be reduced by up to 4 percent.   

To verify the obtained results a sensitivity analysis is performed where three important 

parameters are investigated. The chosen parameters are; the assumption of the emission 

factors for the electricity and district heating mixes and the required heating demand for the 

buses. According to the sensitivity analysis the final results are highly related to the 

considered parameters. For instance, if the delivered district heating is assumed to be supplied 

by Fortum, which is the main distributor within Stockholm, it can be concluded that an indoor 

parking place for the buses is the most beneficial solution to reduce the total emissions. By 

building a new base hall the emissions instigated from the total heating demand can be 

reduced by 55 percent and the total emissions can be reduced by 25 percent. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



Sammanfattning 

Kollektivtrafiken i Stockholm genomgår i dagsläget en utbyggnation och för att möta det 

ökade behovet på transportmedel så måste antalet bussar och bussdepåer att öka i området. På 

grund av detta blir det mer och mer viktigt att utvärdera och analysera bussdepåernas 

prestanda för att kunna minska miljöpåverkan från dessa verksamheter. Syftet med detta 

arbete är att studera produktion- och driftfasen under en bussdepås livscykel samt presentera 

åtgärder som kan leda till en minskning i utsläppen av koldioxidekvivalenter (CO2ekv). Detta 

arbete utförs i sammarbete med Skanska och den studerade bussdepån, som ligger i 

Charlottendal på Värmdö, är för tillfället under konstruktion. För att kunna utvärdera den 

valda depån skapas en basmodell där klimatpåverkan utvärderas utifrån de aktiviteter och 

material som används i produktionsfasen och den energi som används under driften av depån. 

De beräkningsverktyg som har används i utvärderingen av depån består av IDA ICE, 

Anavitor, SPIK och Excel, och klimatpåverkan från depån uttrycks i ton CO2ekv under dess 

livslängd, vilken har antagits till 50 år.  

För att undersöka hur depåer kan konstrueras för att vara mer klimatneutrala och 

energieffektiva så utvärderas olika besparingsåtgärder i fyra fall. Fokus för de två första fallen 

ligger på att optimera materialanvändningen i byggprocessen, vilket inkluderar en minskning 

av de material som genererar i de största utsläppen samt en analys av mer miljövänliga 

konstruktionslösningar. De andra två fallen riktas istället mot att förbättra energiprestandan av 

depån genom att minska energianvändningen enligt BBR och överväga en inomhusparkering 

för bussarna.   

De totala utsläppen från basmodellen utgör cirka 16 000 ton, där 42 procent orsakas under 

produktionsfasen och de resterande utsläppen kommer från driften av depån. Utifrån analysen 

kan man dra slutsatsen att den största minskningen av utsläpp kan åstadkommas genom att dra 

ner på mängden betong och asfalt i produktionsfasen. Genom att minska på dessa material kan 

utsläppen från produktionsfasen minskas med ungefär 9 procent och de totala utsläppen kan 

minskas med 4 procent.  

I känslighetsanalysen undersöks tre huvudsakliga parametrar som har en stor inverkan på det 

slutliga resultatet av beräkningarna. Dessa parametrar består av de valda energimixerna för 

elektricitet och fjärrvärme samt värmebehovet för bussarna. Enligt resultatet i 

känslighetsanalysen så är en inomhusparkering den förbättringsåtgärd som leder till den 

största minskningen av utsläpp. Detta resultat fås då fjärrvärmen antas levereras av Fortum, 

som är den största leverantören i Stockholmsområdet. Genom att investera i en ny busshall 

kan det totala värmebehovet för bussdepån minskas med 55 procent och det totala utsläppet 

med 25 procent.    
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Nomenclature  

 

Unit Description /Quantity 

A Ampere 

Atemp Heated area 

g CO2eq/kWh Grams of carbon dioxide equivalents per produced kilowatt hour 

kWh/m
2
Atemp Kilowatt hours per square meter heated area 

kWh/m
2
Atemp/year Kilowatt hours per square meter heated area and year 

kg CO2eq/lfuel Kilograms of carbon dioxide equivalents per litre of fuel 

l/km Litres per kilometre 

l/sm
2
 Litres per second and square meter  

W Watt 

W/m
2
 Watts per square meter  

W/m
2
K Watts per square meter and kelvin 

 

 

Prefix Quantity 

m 10
-3 

k 10
3
 

M 10
6
 

G 10
9
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1 Introduction 

Urbanisation is a global phenomenon where the population relocates from rural to more urban 

areas. Generally, urbanisation can be seen as a beneficial aspect in cities as it promotes 

competitiveness and development. However, the increase in number of inhabitants puts a 

higher pressure on society and its services since it need to adapt to the growing population 

and evolve to match possible future needs of the inhabitants. (Johansson, 2013) As a result of 

the worldwide population growth and urbanisation, the amount of energy needed for various 

processes in society is continuously increasing and as a result, the emission of greenhouse 

gases is also increasing in the atmosphere. This increase can be directly linked to the usage of 

different type of fuels consumed in various processes, such as in the production of electricity 

and heat, in different industrial processes and from the transportation sector 

(Naturvårdsverket, 2015). In order to diminish the climate changes and reduce the amount of 

emitted greenhouse gases, it is essential to create global goals and regulations to ensure a 

more sustainable society. Based on the goals for reaching more sustainability, the European 

Commission has presented the 2020-goals, which includes guidelines and regulations on how 

to reach more sustainability within Europe by the year of 2020 (Europaparlamentet, 2012).   

Compared to cities in other western European countries, Stockholm is one of the fastest 

growing when it comes to population. During the last couple of years the population growth 

has experienced a steady increase by approximately two percent per year and the forecasts 

indicate that the inhabitants in the city will increase by 25 percent by the year of 2030 (Firth, 

2012). Considering the increase of inhabitants, a higher mobility as well as a better city 

planning is required. Stockholms stad has a vision for Stockholm at 2030, in which planned 

strategies for the growth and development of the city is presented. Accordingly, a higher 

density of residential buildings as well as workplaces and other facilities are projected to 

match the increased demand. Moreover, in order to enhance the concept of a “Walkable City”, 

presented in the report Urban Mobility Strategy, the government aims to reduce the amount of 

private cars within the city. Instead, the future needs of transportation will be managed to a 

larger extent by public transportation and the accessibility will be supported further by more 

walking and cycling paths. (Stockholms stad, 2014) (Firth, 2012) To match this increased 

pressure on the public transportation system and allow the mobility to become more efficient 

within the city, it is essential to optimise the existing infrastructure and further expand the 

current transportation system. This expansion will in turn generate in more trains and buses 

circulating within the city, yielding in a greater demand of depots for maintenance and service 

of these vehicles (Olsson, 2009). As the construction of more depots are projected in coming 

years it is therefore getting even more essential to evaluate the energy usage and 

environmental impact of these facilities, in order to come up with solutions to make these 

more efficient and environmentally friendly during the whole life cycle.    
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 Objective  1.1

The aim of this master thesis is to evaluate and analyse the potential of making bus depots 

more energy efficient and climate neutral. The evaluation is based on a typical bus depot 

within the region of Stockholm and accordingly, a representative base model is created for the 

building. From this model, possible measures are implemented to estimate to what extent the 

used energy and environmental impact can be lowered, and furthermore how the implemented 

measures can improve the building’s grading in Skanska’s Color Palette. The main focus of 

this work includes the environmental aspect regarding the bus depot and its possible measures 

and hence, the economical aspect is not considered.  

 Method  1.2

To come up with guidelines and recommendations for constructing more efficient and climate 

neutral bus depots, a case study for one representative depot is created. Due to limitations in 

the information available for the case, the work is complemented with study visits and 

interviews with connected parties at Skanska and Trafikförvaltningen.    

As the work is conducted in collaboration with Skanska, the choice of studied depot is greatly 

influenced by this fact. The chosen depot is situated in Charlottendal, Värmdö, and is further 

under construction managed by Skanska. The reason for choosing this depot is first of all 

because of the large amount of information and data available within the company concerning 

the ongoing project, but also due to its typical features for a bus depot. It should be noticed 

however, that the choice of studied depot is not the most essential aspect in this work. Instead, 

it is important to emphasise the relevance of the considered measures in relation to each other. 

Furthermore, as the work is directed towards Skanska and it is desired to match their 

objectives and way of working, this has also influenced the choice of calculation tools used in 

the process. The base model of the depot is simulated in the software SPIK, Anavitor and IDA 

ICE, and additional calculations are performed in Excel. SPIK and Anavitor are used to 

calculate the environmental impact of the construction, while IDA ICE is used to simulate the 

base model and present its corresponding energy performance during a reference year. The 

calculations are based on acquired data comprising of SPIK-calculation spreadsheets and 

building documents, which is included in the project folder for the project.  

To estimate how the bus depot can be constructed to be more energy efficient and climate 

neutral, the base model is evaluated in terms of material optimisation and energy efficient 

improvements. In total, four saving measures are created and compared in relation to each 

other. The outcome of the work present the total environmental impact of the depot 

concerning the emission of carbon dioxide equivalents (CO2eq) during the lifetime of the 

depot, and further recommendations and guidelines for the construction and operation of new 

depots.  

 Delimitation of the work 1.3

As the public transportation is continuously expanding in Stockholm and will continue on 

doing so in the near future, it is desirable to evaluate bus depot buildings within this region. 
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Considering this and the need of narrowing the scope of the work, only bus depots within this 

area is considered. Furthermore, as the work is made in collaboration with Skanska, this will 

influence the choice of studied depot as well as the calculation tools and acquired data used in 

this study. Considering the limited amount of depots that can be studied, in combination with 

the fact that the chosen depot is currently under construction, it will generate in a result that 

may not be applicable to all types of bus depots. Assumptions and some simplifications are 

necessary in order to create the model and it should be noticed that not all data can be 

managed due to uncertainties or lack of data, which in turn will affect the final results. 

Moreover, the economical aspect is not considered in this work. 
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2 Literature study  

In this section overall background information concerning this work is provided for, which 

includes an overview of the public transportation system, current building regulations in 

Sweden and more detailed information regarding bus depots. This section also comprises an 

additional insight into environmental certification of buildings and the limitations that can be 

encountered in the building process.  

 Global and national regulations  2.1

The Swedish climate policies are highly related to European legislations and the general goals 

and policies concerning the climate are shared within the whole European Union.  In order to 

control the climate changes and create a more sustainable society, it is crucial to reduce the 

amount of emitted greenhouse gases. (Miljö-och energidepartementet, 2014a) To reach the 

environmental targets, the European Commission created certain goals for the European 

Union that should be fulfilled until the year of 2020, which will ensure a more sustainable 

Europe from an environmental, economic and social point of view. The 2020-goals include 

frameworks on how to successfully promote for more energy efficiency within the Union and 

one of the main aims is to reduce the emission of greenhouse gases with at least 20 percent 

until the year of 2020, compared to the reference year of 1990. Additionally, the amount of 

renewables in the energy system should be increased with at least 20 percent. According to 

inquiries made by the European Commission however, it was concluded that with the current 

regulations and promotions only half of the goals will be fulfilled in time. As a result, new 

directives and guidelines were created and during the end of 2012 the Energy Efficiency 

Directive was established. The Energy Efficiency Directive puts a higher pressure on all 

countries within the Union and it includes more strict regulations and incentives to reach the 

initial goals for 2020. (Europaparlamentet, 2012)   

Along with the other member states in the Union, Sweden has the responsibility to reach the 

global goals for more sustainability and efficiency. The Swedish parliament has established 

the Swedish environmental objectives, which includes overall national goals that should be 

fulfilled until the year of 2020. The environmental objectives can be divided into three main 

areas; the generational goal, the environmental quality objective and the milestone target. The 

aim of the generational goal is to direct the overall work in the right direction in order to 

obtain a satisfactory environment within the span of one generation. Meanwhile, the 

environmental objective describes the environmental quality that is desired and the milestone 

target is set to enable the implementation of the above mentioned objectives. The overall 

goals of the environmental objectives include a reduction of the emission of greenhouse gases 

by 40 percent, a transition to at least 50 percent renewable fuels in the system and an overall 

increase in energy efficiency by 20 percent. (Ek, 2015) (Naturvårdsverket, 2012) (Miljö-och 

energidepartementet, 2014b)   

2.1.1 Building regulations in Sweden 

In order for the environmental goals and requirements to influence all parts of society, the 

governmental work within the parliament is complemented with the collaboration between 

various authorities. In turn, these authorities have the responsibility to implement the 
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corresponding legislations, which is set by the government, concerning each specific area. 

(Regeringskansliet, 2015) An example of such an authority is Boverket, which is the Swedish 

administrative authority that is responsible for regulations within the building sector. The 

national building regulations (BBR) issued by Boverket include regulations such as those 

regarding the construction and operational requirements for newly constructed residential 

buildings and other facilities, such as office buildings. (Boverket, 2014a) The current building 

regulations were further updated in March 2015, where more strict regulations concerning 

apartment buildings and other facilities were presented. (Boverket, 2015a) In Table 1 the 

current building regulations concerning the amount of energy used in different types of 

buildings are depicted. The data is valid for buildings that is not heated with electricity and 

that is further located in climate zone 3, which includes the region of Stockholm. 

Table 1 Regulations concerning the specific energy use in different type of buildings according to BBR. The 

data is valid for buildings in climate zone 3 that is not heated with electricity and is expressed in terms of 

kWh/m2 Atemp and year. (Boverket, 2015b) 

Building type 
Specific energy use 

[kWh/m
2

 Atemp/year] 

Houses 90 

Houses (Atemp< 50 m
2
) 

 

Apartment buildings 80 

Apartment buildings (Atemp< 50 m
2
 or more than 50% of the 

apartments have an area< 35 m
2
 each) 

90 

Other facilities (Atemp< 50m
2
) 

 

Other facilities  70 

The regulations concerning the amount of used energy within a building is applicable to 

practically all types of constructions that falls within the above mentioned categories and it is 

only valid for constructions that are completed (Boverket, 2011). However, buildings that are 

not included are; greenhouses, buildings that are not frequently used and buildings that 

requires no or little heating and cooling. The regulations are further divided amongst 

buildings that are heated with or without electricity and the various parameters specified for 

each type of building include; the buildings specific energy use delivered to the building 

during a reference year, and the average heat transfer coefficient for the building envelope. 

The energy used within the building is categorised into property and operational energy. The 

property energy is the part related to appliances used for operating the building, such as the 

energy used for general lighting in corridors and common areas, and the energy used in fans 

and pumps integrated with the buildings basic requirements for heating, cooling and air 

conditioning. The operational energy on the other hand includes the domestic usage of energy, 

such as the electricity used in dishwashers, cookers and other domestic appliances. The 

buildings specific energy use, specified in Table 1, comprise of the total amount of energy 

delivered to provide energy for heating, cooling, domestic hot water and property energy. 

Hence, the operational energy is not included in the requirements set by Boverket. The system 
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boundary of the energy requirements presented in BBR is depicted in Figure 1, and as 

illustrated, the system boundary refers to the actual amount of delivered energy and disregards 

any conversion losses occurring when delivering the energy to the building. (Boverket, 

2014b) (Boverket, 2011)  

 

Figure 1 The system boundary of the energy requirements presented in BBR, where the dashed line represents 

the system boundary.  

 Environmental impact from energy use 2.2

In correlation to the increased demand for more energy, the emissions of greenhouse gases 

and other pollutants are increasing in the atmosphere. As mentioned in section 0 the emissions 

can be generated from a variety of processes, such as the production of materials, the usage of 

energy and from transportation. Depending on the type of activity performed and the fuel used 

in the process, the generated greenhouse emissions will have different environmental impacts. 

The environmental impact of a certain fuel can be expressed in terms of its emission factor 

and based on the emission factor and the amount used in a process, the corresponding 

emissions of greenhouse gases can be estimated. Moreover, in order to compare the 

environmental impact, the emissions of different gases are converted and expressed in CO2eq, 

where the global warming potential (GWP) of the greenhouse gas is also taken into 

consideration. This emission factor can be expressed in different ways but is generally 

obtained as g CO2eq/kWh. (Morfeldt, 2015) 

The environmental impact caused by the usage of electricity is quite complex and there is no 

precise value that represents the emission factor. This is because the emission factor is 
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continuously changing as a result of the current electricity mix, which represents the average 

composition of the produced electricity. The production is a function of various types of fuels, 

with its corresponding emission factors, and depending on the type and amount of fuels used 

at each specific time the combined emission factor will fluctuate. Another essential aspect 

when it comes to evaluating the electricity mix is the origin or source of the energy and 

calculations can be based either on a Swedish, Nordic or European electricity mix depending 

on the considered perspective. As the Swedish electricity production mainly comprise of 

sources of energy with a lower emission factor, the electricity mix will consequently have a 

lower emission value. If considering the Nordic or European mix on the other hand it contains 

significantly higher emission factors. This is because the electricity production is based on 

coal fired power to a larger extent, which in turn generates in higher emissions of CO2eq. 

Nowadays it is furthermore possible for customers to buy electricity that is labelled as a Bra 

miljöval from the supplying company (Naturskyddsföreningen, 2015). This electricity mix is 

purely based on renewable sources of energy, such as hydro- and wind power. As a result, this 

electricity has a correspondingly low emission factor during its lifespan and according to 

Vattenfall it corresponds to approximately 8.5 g CO2eq/kWhel (Vattenfall, 2015b). Even 

though considering emission calculations within Sweden it is not reasonable to assume that all 

electricity used is obtained from the national electricity production. On the other hand, as the 

Swedish electricity is procured from the Nordic market, NordPool, it is more realistic and 

advisable to use the Nordic electricity mix (NordPoolSpot, 2015). According to 

Energimyndigheten the Swedish and Nordic electricity mix lies within the range of 15-25 and 

75-100 g CO2eq/kWhel respectively. Moreover, the emission factor for the European electricity 

mix is approximately 400 g CO2eq/kWhel (Gode, 2009). (Klimatkompassen, 2015 )  

In similarity to the electricity production, the environmental impact from the district heating is 

depending on the fuel composition, along with the current district heating network and the 

supplying company. Within the region of Stockholm there are two major companies that 

supply district heating; Vattenfall and Fortum. Based on data available from Svensk 

Fjärrvärme, the type of fuels used and its allocation in the total amount can be identified for 

different district heating networks and companies (Svensk Fjärrvärme, 2013). Combining this 

information with the related emission factors for different fuel types, obtained from 

Miljöfaktaboken 2011 (Gode et al., 2011), the emission factor for a specific district heating 

mix can be obtained. Moreover, the district heating emissions are calculated based on fuel 

data available from 2013 and the Nordic electricity mix was used to identify the emissions 

from the electricity used in the heat production. For more detailed information concerning the 

district heating data and emission factors used, see Appendix 1. 

In Table 2 and Table 3, the emission factors for electricity and district heating considered in 

this work is depicted.  

  



-10- 

 

Table 2 The emission factor for different electricity mixes, expressed in g CO2eq/kWhel. 

Electricity mix g CO2eq/kWhel 

Swedish  20 

Nordic  90 

European  400 

Bra miljöval 8.5 

Table 3 The emission factor for different district heating mixes, expressed in g CO2eq/kWhheat. 

District heating mix g CO2eq/kWhheat 

Vattenfall  (Gustavsberg) 25 

Fortum  (Stockholm) 117 

 The public transportation system  2.3

The onshore public transportation system in Stockholm is managed by Storstockholms 

Lokaltrafik (SL), which is controlled by Trafikförvaltningen. Trafikförvaltningen is 

responsible for the overall planning, maintaining and renewing of the public transportation 

system, and further for the procurement of contracting companies. The transportation 

contractors can either consist of private or public companies. The companies currently 

employed by SL are Arriva, Keolis, Nobina, MTR and Stockholmståg, where Arriva are 

supplying both trains and buses, Keolis and Nobina are supplying buses, MTR handles the 

subway traffic and Stockholmståg handles the commuter trains. (Stockholms läns landsting, 

2015a) 

As mentioned earlier, the population within the city of Stockholm is increasing and according 

to the forecasts, this trend will continue. This puts a lot of pressure on the accessibility and 

traffic planning in the city, and it is essential that the public transportation develops alongside 

with the increased population. In order to ensure an increased capacity and the same quality in 

the future, SL has developed a plan for the expansion of the traffic until the year of 2020. The 

traffic plan describes how the transportation system will have to develop in order to manage 

the new requirements, and it includes plans concerning the railway, bus traffic and the amount 

of used vehicles and maintenance for these. Taking into account uncertainties such as the 

actual rate of expansion of the system, three scenarios are presented in the plan, which 

illustrates the progress of the extended traffic. The scenarios consist of low, medium and high. 

Regardless of the scenario, the dimensioning of the railway is based on the same condition; to 

avoid even more crowded or overloaded means of transportation. Therefore, it will be 

necessary for the bus traffic to increase in all scenarios according to SL. The number of buses 

in operation today amounts to approximately 2016 and considering the medium scenario, the 

amount of buses will have to increase by approximately 305 until 2020. Correspondingly, the 

need of parking places and depots for service and maintenance will also have to increase. 

(Storstockholms lokaltrafik, 2010) (Olsson, 2009) 
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2.3.1 SL’s sustainability initiatives  

As the public transportation is currently going through an extensive expansion it is essential to 

move towards a more sustainable development. As a result, SL has recently put a lot of 

emphasis on creating more awareness within the company and integrating questions 

concerning sustainability in the overall business plan. The development of the public 

transportation system is a function of the regional traffic maintenance program. The 

maintenance program was established by Stockholms stad during the year of 2012 and it 

includes general guidelines on how the system should evolve to be more sustainable until the 

year of 2030 (Stockholms läns landsting, 2015b). The sustainability initiatives adopted by SL 

include all aspects of society and comprises questions involving emissions, noise and usage of 

energy. Furthermore, creating more attractiveness and availability concerning the public 

transportation are also vital aspects that are included in the program. The environmental 

initiatives included consist of several parameters. For instance it is desired to increase the 

amount of renewables used in the system, reduce the amount of particles released and the 

energy used for keeping the transportation system operating.  

However, regardless of the sustainability initiatives set by SL, issues still arises when it comes 

to the actual operation of the transportation means. As mentioned earlier, SL does not solely 

own the vehicles but employs various companies to supply for the transportation services and 

operate the actual depot. Hence, SL does not have any control over the vehicles nor over the 

environmental impact that these will generate in, and as a result, the vehicles are not currently 

being included in the sustainability program (Domeij, 2015). Meanwhile, as the demand for 

transportation is increasing there is also an increased request for more efficient vehicles that 

can handle more passengers (WSP Analys och Strategi, 2014). Considering newly built buses 

for instance, these are constructed to be both extended and optimised in width. Additionally, 

in order to optimise the accessibility and capacity further, the buses are usually built with a 

lower overall floor level, in order to avoid additional space consuming steps within the bus. 

As the main focus when constructing buses are invested in optimising the number of 

passengers, there are other aspects that are neglected in the process. For instance, as the buses 

are optimised to have a larger internal space, there is generally a tendency to disregard or 

minimise the amount of insulation used in the envelope of the vehicle. Consequently, there 

will be additional space within the bus that requires heating and more energy will be lost to 

the surroundings due to the lack of insulation. Hence, the heating of the buses are becoming 

even more energy consuming at the same time as the consumed energy during operation tends 

to be overlooked in the sustainability initiatives (Domeij, 2015).  

This creates a gap between the landlord and the tenant, in this case comprising of SL and the 

contracted transportation company. The problem that arises in these matters can be referred to 

as the “landlord-tenant dilemma”. As it is the contracted company that pay the bills for the 

energy used on the site, SL does not have any incentives to lower the energy usage, since it is 

not commercially viable for them to invest in energy saving solutions that they will not 

benefit from themselves. A solution to this problem would be to amend the contract between 

the companies and assign the payment to the landlord. However, this would neither solve the 

problem as the tenant’s incentive to keep the energy usage low is removed, which in turn 

could have a reverse effect as the tenant no longer has to worry about the payment. In order to 



-12- 

 

address these issues it is essential to create a closer collaboration between the companies and 

merge the corporative initiatives. By doing this it would be possible to reach a common 

ground where it is possible to create a lease contract beneficial for both parties that could 

simultaneously lower the energy used within the site. (Bonde, 2013) 

 Bus depots  2.4

A bus depot is a facility used for service and maintenance of buses. The most basic functions 

that should be provided for, according to SL, are rooms assigned for service and washing, 

refuelling stations and workshops. The depot should also include office spaces, parking places 

for the buses and changing rooms for the bus drivers and other people working in the facility. 

The people working in the depot can among others include the bus drivers, cleaning staff, 

administrative staff and operation management staff. The appropriate size of a depot should 

comprise of approximately 70-100 buses, in which around 200 people work in shift during the 

whole day. It should however be considered that some depots is significantly larger than 

recommended. Normally, the parking of the buses is situated outdoors and consists of ramps, 

where electricity, compressed air and heat should be provided for.  

In order to ensure an efficient public transportation with a high quality, SL has developed 

certain guidelines concerning the distribution of buses and depots within the county, and the 

buses taken into service are allocated into 17 different traffic areas. The division of the bus 

traffic is primarily made to match the amount of passengers within the certain area and to 

facilitate accessibility, but it also ensures competitiveness amongst companies working with 

public transportation. In traffic areas where the demand is lower than the average another type 

of parking is often adopted. This type of parking, referred to as satellite parking, comprises of 

considerably less vehicles and the possibility for service is limited. However, when service or 

general maintenance is required it can be obtained from depots nearby. (Storstockholms 

lokaltrafik, 2010) (Domeij, 2013)  

As mentioned earlier, the public transportation system is expanding and the amount of bus 

depots will have to increase. Hence, it will be necessary to build new depots as well as 

replacing existing ones that does not fulfil the current requirements. A few examples of 

planned and ongoing projects in the area of Stockholm are the bus depot in Charlottendal 

(Gustavsberg, Värmdö), Färentuna (Ekerö) and Fredriksdal (Hammarby sjöstad). 

(Storstockholms Lokaltrafik, 2014) A geographical overview of the distribution of the current 

and planned bus depots and satellite parking places in the region are presented in Figure 2. 
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Figure 2 Geographical overview of the distribution of existing and planned bus depots and satellite parking 

places in Stockholm. (Storstockholms lokaltrafik, 2010) 

2.4.1 Construction  

A general depot building is characterised by its high sealing, open floor plan and numerous 

gates, which preferably consists of foldable automatic openings. There should be around 32 

meters of free space in front of each gate and the space should further be equipped with 

heating elements and drains to avoid the formation of ice during the winter, which could lead 

to accessibility issues. The amount of separate rooms inside the building is relatively low and 

a representative bus depot normally consists of a main building with washing and service 

stations, and spaces used as office for the maintenance staff. Furthermore, the refuelling 

stations for the buses are usually located outside the building. If the depot is assigned for 

biogas driven buses it is necessary to equip the facility with a compressor room close to the 

refuelling station, in order to generate the pressure difference that is necessary to tank the bus. 

(Storstockholms lokaltrafik, 2010)   

The construction of the actual building is simple and the framework and foundation mainly 

consist of different types of concrete, which normally account for the largest environmental 

impact in the production phase (Skanska Sverige, 2014c). Bus depots have a relatively high 

heating demand however, only a minor part of the heat is delivered to the actual building. 

Instead, most of the heat delivered to the depot is used for heating the parked buses located at 

the ramps. In accordance with the regulations set by the Arbetsmiljöverket it is required to 

have a minimum temperature of +5 ºC at the driver’s seat when entering the bus in the 

Existing bus depot  

Satellite parking   

Planned bus depot  
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morning. (Näringsdepartementet, 2004) Hence, it is required to continuously heat the bus to 

maintain this minimum temperature during the colder parts of the year, which in turn 

generates in vast energy losses due to the buses lack of insulation, as mentioned in section 

2.3.1. (Ådin, 2014) (Domeij, 2015) 

Generally, each bus requires a ramp that is capable of delivering 10 kW according to existing 

requirements set by SL. However, after performing a more extensive investigation, completed 

by Trafikförvaltningen, of the bus depot in Frihamnen, it could be concluded that the 

delivered power was not enough, and in order to reach the regulations set by 

Arbetsmiljöverket, 30 kW is actually needed for each bus. By analysing the operational time 

of the heating at the ramps it was further established that each bus uses approximately 

17 MWh/year if the power supply is 10 kW per bus and consequently 51 MWh/year if 30 kW 

is supplied. (Ådin, 2014)  

2.4.2 Functions and requirements  

Depending on the requirements from the purchaser the layout inside the depot can differ from 

case to case, but there are however some general features that should always be included in 

the facility. These features and other important guidelines that should be considered when 

designing a bus depot are disclosed below. These requirements are in accordance with the 

standards set by SL and further derived to satisfy ISO 9001:2008 and ISO 14001:2004, which 

describes ISO-standards on how to successfully manage a system from a quality- and 

environmental perspective. (SCAB-Svensk Certifiering, 2015a) (SCAB-Svensk Certifiering, 

2015b)       

When planning the construction of a new depot there are several things that have to be 

considered, such as an increased need of more transportation means. Furthermore, it is 

essential to take into account possible future needs of expanding or altering the functions 

within the depot, such as being able to adapt to buses of another size, a change in fuel or a 

need to facilitate more buses. In the planning process it is also important to consider sites that 

are integrated with already existing infrastructure to accommodate the need of for example 

electricity, water and wastewater. Moreover, the location of the depot should be placed to 

optimise accessibility, to ensure that the buses can operate according to schedule and be 

placed in surroundings that can handle around the clock activity. When it comes to the 

logistics within the depot, it should be designed to minimise the occurrence of crossing or 

reversed traffic, in order to avoid delays or accidents. This could be achieved by creating 

separate lanes to enhance the flow of the buses and other vehicles entering and exiting the 

various functions within the depot.  

A normal route for a bus entering the depot can vary depending on the need of the specific 

bus. To provide an overview, a normal route within the depot can be presented as follows; 

after entering the depot, the bus driver parks the vehicle at its corresponding ramp and the bus 

is thereafter retrieved by other staff members and transported to the workshops for service and 

washing. The next step is the refuelling of the bus and depending on whether the bus should 

be taken directly into service or be parked overnight, the bus can either be refuelled at a rapid 

refuelling station or more slowly over night. The different ways of refuelling the bus is further 

described later in this section. The bus is thereafter once again being parked at the ramps or 
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taken into service depending on the current need. The traffic flow can be illustrated by the 

overall layout depicted in Figure 3. 

 

Figure 3 The traffic flow in a general bus depot. 

To ensure good logistics within a depot serving approximately 80-100 buses, the site on 

which constructing the depot should not be smaller than 35 000 square meters, and some key 

figures for a depot serving around 80 buses are presented in Table 4. 

Table 4 Key figures for a bus depot assigned for 80 buses. 

Key figures Quantity Comments 

Water supply/day (m
3
) 35-40 50% used for washing 

Wastewater/day (m
3
) 35 

Dimensioned by water 

supply 

District heating–effect 

(MW) 
1.6 60% used in ramps 

Electricity (A) 800 

Divided into at least 

180A (preferably high 

voltage) 

SLs workshops are responsible for the service of all buses operating within the traffic area, 

including buses parked both within the actual depot and at nearby satellite parking places. The 

workshop should have the capacity of handling all types of buses, including normal buses 

(12 m), articulated buses (19 m), bogie buses  (14-15 m), double decker (height 4.3 m) and be 
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equipped to handle double joint buses (25 m). Even though the standard of the equipment 

within depots has been kept consistently high during the years, it should be considered that 

the majority of the depots in use today were constructed during the 1970s, see Figure 4.  

 

Figure 4 The constructions of new bus depots during respective decade. 

The functional requirements are not the same today and a lot of the older depots in use are in 

need of updating when it comes to its overall dimensioning and functions. Previously, all 

service work was conducted in working pits, which practically consists of a hole down to the 

basement where the workers can observe the vehicle from beneath, see Figure 5. However, 

nowadays with the progressing development a greater proportion of the workplaces are 

equipped with column lifts adapted to the various types of buses handled in the depot. Hence, 

in more newly built depots there is generally a mix of working pits and workstations with 

lifting features. It should be emphasised that even though the development moves towards 

lifting workplaces, it is not advisable to entirely remove the working pits. This is due to the 

fact that these are more suitable for fast inspections and also because it is desired to have a 

high flexibility on the worksite due to wide variations in different types of buses. As a result, 

at least one of the workstations should be equipped with a working pit in newly planned 

depots, and if possible some of the workstations should be designed as passages to enhance 

the workflow.  
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Figure 5 Picture taken within a depot showing a typical working pit. (Storstockholms lokaltrafik, 2010)  

General washing and inspection of the engines are catered for in the washing rooms. If the 

buses requires diesel it is possible to also refuel the buses within these areas, however if 

ethanol or biogas are used the refuelling has to be done outside. The environment inside the 

washing stations is quite humid and aggressive and it is therefore essential to optimise the 

construction so that the framework and installations are as resistive and waterproof as 

possible. To enable a good capacity within the washing rooms, it is required to accommodate 

two buses simultaneously and the width of the room should not be less than 7 meters to ensure 

a good working environment. The general washing of the buses is most commonly handled by 

transit washing machines, but movable types of machines can also be used. Instead of the bus 

moving, which is the case in transit washing, the bus is still and it is the washing equipment 

that moves around the bus. To avoid further damage on the construction and nearby 

installations, it is also important to install shielding elements that prevents the water to spread 

uncontrollably in the room.  

In order to achieve a more efficient and environmentally friendly bus fleet, SL has come up 

with goals to achieve a usage of 100 percent renewable fuels within the next 20 years. Ethanol 

and biogas are the most commonly used renewable fuels in buses today; however initiatives 

concerning various types of hybrid fuelled buses are also currently being tested. For example 

eight hybrid buses fuelled with diesel and electricity has been taken into service on route 73 

(Ropsten-Karolinska) and buses fuelled with 100 percent electricity are also currently being 

tested within the city (Domeij, 2015). When it comes to the refuelling of the buses within the 

depot, it is required to provide for at least two types of fuel. The refuelling can be done in two 

different ways depending on the current need. The bus can either be fuelled slowly during the 

night when the bus is parked at the ramps or more rapidly. For the slow alternative the 

refuelling takes about 6-8 hours and for the more rapid alternative it takes about 4-7 minutes. 

The rapid refuelling is beneficial if there is a limited amount of time however, it should be 

considered that the slow alternative is generally more desirable, since it is more effective and 

allows the refilling of more fuel compared to the rapid alternative. If biogas is planned to be 

used at the depot it is necessary to provide for at least one rapid refuelling station and one 

slow refuelling station per bus. Additionally, if ethanol is used it is required to provide for at 

least two refuelling stations.   
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The parking of the buses is normally places outdoors and various functions are supplied to the 

buses at the ramps. At the ramps compressed air, electricity and heat should be provided for, 

where the compressed air is used for the maintenance of various technical components and the 

electricity is used to charge the battery. The heating of the bus is essential to maintain the 

required temperature in the bus during the colder parts of the year. The heating technique can 

vary slightly depending on whether the exchange of heat is taking place within the ramp or in 

the actual vehicle. However, the heating is based on the same principle, where heat exchange 

occurs between the heat source, which is usually district heating, and the heating media that is 

stored within the ramp, which often consists of glycol. Furthermore, the ramps are often 

equipped with canopies, which first of all protect the buses and staff from wind and rain. 

Secondly, the canopies can help reduce the need of heating to some extent, which is desirable 

since the heating and supply of compressed air constitutes the largest portion of the total 

energy used in the depot. (Storstockholms lokaltrafik, 2010) (Domeij, 2013) A representative 

picture of a ramp parking place can be seen in Figure 6.   

 

Figure 6 Picture showing a general ramp parking place. (Storstockholms lokaltrafik, 2010)   

2.4.3 Future prospects of bus depots 

When it comes to the future prospects of bus depots, the functions and requirements will 

naturally have to change in line with the advancing development. Service and maintenance of 

the buses will still be necessary features within the depots, and the request for parking places 

for non-operating buses will also remain. However, some other aspects will probably have to 

change in the future. As mentioned in section 2.4.2, when constructing a new depot it is 

essential to consider the future needs of expanding the facility and the implementation of 

other types of fuels. To achieve a more sustainable bus fleet the transition to renewable fuels 

is an essential step. The most commonly used renewable fuels today consist of ethanol and 

biogas, but the usage of electricity is also getting more common. If considering that all buses 

within Stockholm would gradually be replaced with electric driven buses, it would ultimately 

affect the functions needed within the depot. For instance there would be no further need of 

compressor rooms and gas storage. Additionally, the current refuelling stations would be 
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replaced with electricity chargers, providing both slow charging means on the ramps and 

rapid charging alternatives. 

When considering a newly built depot building it can be assumed to have a lifetime of 

approximately 50 years (Berggren, 2015). The buses treated for within the depot on the other 

hand do not have an equal life span. The operational life time of a bus can vary depending on 

many factors, such as regulations within the involved companies, malfunctioning vehicles and 

its function. The average life time of a bus can be estimated to approximately 12 years with an 

average driving distance of roughly 800 000 km (Europaparlamentet, 2009) (Bussmagasinet, 

2012). However, up until August 2014 it was allowed to use 17-18 year old buses supplied by 

Keolis in the inner city (Neoplan, 2013).  

Considering a standard bus fuelled with either diesel or ethanol and an average driving 

distance of 800 000 km during its lifetime, the vehicle’s total fuel consumption and 

corresponding emission of CO2eq can be estimated. In Table 5 the fuel consumption and 

emission factors are presented for the two types of fuels. Based on these figures, the total 

emission of CO2eq for the usage of diesel and ethanol during the whole life span of the bus can 

be estimated to approximately 1060 and 360 tonnes CO2eq respectively.  

Table 5 The fuel consumption (l/km) and emission factors (kgCO2eq/lfuel) for diesel and ethanol. (Scania Group, 

2013) (Miljöfordon, 2014) 

Fuel type Fuel consumption (l/km) 
Emission factor 

(kg CO2eq/lfuel) 

Diesel 0.46 2.9 

Ethanol  0.74 0.61 

 Environmental certification  2.5

In line with the increased demand on new residential- and commercial buildings it is getting 

more important to offer energy efficient and climate neutral construction alternatives. As a 

result, environmental certifications of buildings are becoming more accustomed in the 

constructing sector. Apart from promoting a more efficient and sustainable building sector, 

the certification provides other advantages. For instance, the certification is an important 

implementation as it could facilitate the communication between the contracting company and 

the client, where the certification can work as an objective quality assurance for the client. 

(Skanska Sverige, 2008) The certification has further a commercial interest as it can help to 

strengthen companies’ environmental profile (Boverket, 2012). The most commonly used 

environmental certification systems in Sweden today are LEED, BREEAM and 

Miljöbyggnad. These and other certification systems, which are further adopted by Skanska, 

are presented in the following sections.  

2.5.1 LEED 

LEED (Leadership in Energy and Environmental Design) is an American certification system 

that is used to classify buildings. The system was developed by U.S. Green Building Council 

and offers an extensive investigation concerning the buildings environmental performance. 



-20- 

 

The buildings certified with LEED are analysed based on several focusing areas and 

depending on the environmental impact within each specific area, different points can be 

received. In each focusing area approximately 100 point can be collected, and ultimately these 

points are merged together to verify the corresponding level that represents the environmental 

performance of the building. The LEED certification comprises of four different levels; 

Certified, Silver, Gold and Platinum, where Certified represents the lowest level and Platinum 

represents the highest with the best environmental performance. (Sweden Green Building 

Council, 2014) (Skanska Sverige, 2015c) 

2.5.2 BREEAM 

The environmental certification system BREEAM (BRE Environmental Assessment Method) 

was developed in the United Kingdom during 1990. In similarity to the LEED certification, 

BREEAM analyses buildings based on various focusing areas and it can reach different levels 

depending on its performance. Examples on focusing areas that are analysed in the process 

are; energy usage, indoor climate, water, materials and transportation. The BREEAM 

certification comprises of five levels; Pass, Good, Very Good, Excellent and Outstanding. 

(Skanska Sverige, 2015c) (BREEAM, 2015)  

2.5.3 Miljöbyggnad  

Miljöbyggnad is a Swedish certification system that is directly related to Swedish national 

regulations. Buildings certified with Miljöbyggnad can be awarded with three different levels 

depending on how well it corresponds to certain requirements concerning energy, materials 

and indoor climate. The three grading levels are; Bronze, Silver and Gold, where Bronze 

normally corresponds to the national regulations concerning construction. Moreover, the 

certification system is applicable to all buildings regardless of size and it can further be used 

on both new and existing building. (Sweden Green Building Council, 2011) (Skanska 

Sverige, 2015c) 

2.5.4 GreenBuilding 

The certification system called GreenBuilding was created by the European Commission 

during 2005. In the work towards a more sustainable Europe, energy declarations for 

buildings were introduced and as a result, the certification system was implemented to 

facilitate the requirements. Moreover, the environmental work in Sweden concerning 

GreenBuilding is handled by the cooperation between Sweden Green Building Council and 

Energimyndigheten (Skanska Sverige, 2015c). The certification can be applied to both already 

existing buildings that has been renovated and newly constructed buildings. However, the 

main criterion for achieving the certification is an overall reduction in the amount of used 

energy. For new buildings it is desired to obtain a reduction of at least 25 percent in the used 

energy compared to the national regulations. For already existing buildings however it is 

desired to achieve the same percentage of reduction as in new constructions, but in this case it 

should be compared to the initial energy usage that was present before the renovation. 

(Skanska Sverige, 2008) 
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2.5.5 Svanen   

The environmental certification Svanen is a Scandinavian eco labelling system. The 

certification was created on behalf of the government and is today managed by SIS 

Miljömärkning. A building can be granted with the label if it satisfies predetermined 

requirements concerning the construction, the amount of energy used and the materials used 

in the building process. A building that fulfils these requirements is characterised by an 

efficient ventilation system and energy usage, a good building envelope and an overall 

satisfactory indoor climate. Furthermore, the usage of hazardous substances should be 

avoided and the waste from the construction phase should be disposed of in a controlled 

manner. (Skanska Sverige, 2008) 

2.5.6 Passive house 

Passive house technology is characterised by its significantly lower energy use compared to 

the national building regulations and a representative passive house could provide an energy 

reduction of around 70 percent. (Skanska Sverige, 2008) The low energy use is partially 

achieved by taking advantage of the internal gains from the building and recovering these in 

efficient heat recovery systems. This combined with a well-insulated building envelope, 

yields a low energy usage and as a result, there is generally no need for a conventional heating 

system. Moreover, both new and existing buildings can be classified as a passive house. If the 

internal gains from the building is not enough to heat the house, during the winter months for 

instance, the heat recovery system could be complemented with another means of heating, 

such as district heating or the usage of a heating battery. (Skanska Sverige, 2015c) 

2.5.7 Skanska’s Color Palette 

Green construction is a concept adopted by Skanska that describes a more environmental 

appropriate way of constructing. The overall aim is to enable the offering of commercially 

attractive green solutions to the market and build and produce constructions with the lowest 

possible environmental impact. The concept includes questions such as energy, climate and 

choice of materials in the process, which is furthermore considered from a life cycle 

perspective. To be competitive within this area it is moreover essential to not only consider 

the green aspect during the construction phase but also to take active steps towards green 

management in the community and infrastructural planning as well as in the production. 

(Skanska Sverige, 2008)  

Green construction is an important concept for Skanska and since 2011 encouragements for 

green investments has been introduced into the business plan as a part of the total net sales. 

Depending on the type and expected outcome of a certain project, Skanska can use any of the 

certification types presented in previous sections to evaluate the environmental performance. 

However, in order to facilitate the evaluation of projects within the company, Skanska has 

developed a tool called the Color Palette. The tool is used for monitoring building projects 

made within the company and consequently indicate how well these buildings are performing 

and whether they meet the set requirements. All building projects that cost more than 10 

million SEK should be graded with the Color Palette and there are further different versions 
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of the tool depending on the type of project. However, in the following sections only the 

Color Palette for buildings will be described and referred to. (Skanska Sverige, 2015d) 

The Color Palette is designed to evaluate building projects and the environmental 

performance of the projects is measured regarding four parameters; energy, climate, material 

and water. Depending on the performance of the project it can be categorised into different 

colours ranging from Vanilla to Deep Green. Projects graded with Vanilla are in compliance 

with the current regulations and Deep Green represents projects in which the products and 

processes have a nearly zero impact on the environment. In order for a project to advance 

from Vanilla to Green 1, it is required for at least two parameters to reach the next level. This 

also applies for Green 2, but in order to reach Deep Green it is required for at least three of the 

four parameters to reach the corresponding level. It should further be noticed that the energy 

parameter is a compulsory criterion in all grading steps. The overall aim of the Color Palette 

is to enhance Deep Green projects within Skanska and more detailed information concerning 

the criterion for grading can be seen in Figure 7. (Skanska Sverige, 2013) (Skanska Sverige, 

2014a) 

 

Figure 7 Skanska’s Color Palette for buildings, depicting the various criterions for the corresponding grading 

step. (Skanska Sverige, 2014a) 

 Building process 2.6

The building process of a new construction is very complex and the work within the building 

sector is constantly evolving to be more efficient and profitable. The building process and its 

overall planning can be presented in various ways depending on the division or categorisation 

of the different steps involved in the process. For example the process can be subdivided into; 

 the planning stage, where a comprehensive plan of the process is established  
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 the idea- and application phase, where the requirements and demands of the building 

design is presented 

 the project design planning stage, where the building documentations is determined in 

which the building construction is described in more detail  

 the negotiation phase, where the contract documents are created and bids are 

considered for potential contractors 

 the construction phase, where the actual building is constructed  

 and the management stage, which includes operation and maintenance of the building 

after completion and handing over of the building.   

The contract documents created by the client during the negotiation phase include the 

documentation describing the overall scale of the project. The technical part of the 

documentation comprises of the technical specifications and the corresponding blueprints for 

the construction and the administrative part describes the contract and the clients and 

contractors responsibilities towards each other. (Skanska Sverige, 2014b) (Svensk byggtjänst)  

In this part of the process there are several essential things that have to be considered. For 

instance it has to be considered whether the building owner is working as a private- or public 

actor and also what type of contracting that is being agreed upon in the negotiations. (Svensk 

byggtjänst)   

For private clients no particular regulations apply to how the bids should be tested and how to 

choose a contractor. However, when it comes to public clients financed by public means, the 

Public Procurement Act (2007:1091) must be followed. The Act is based on the European 

Directive (2004/18/EG) and regulates how public agencies can act during a procurement 

process. In order to promote competitiveness on the market, the agency in question is obliged 

to create clear contracting documents and they are further obliged to declare their intended 

purchase to give all companies the opportunity to come up with a bid. Moreover, all potential 

contractors should be treated equally and the contracting documents must not be customised 

for a specific contractor. The evaluation of the bids should be treated objectively and be based 

either on the lowest cost or the most beneficial alternative from a financial point of view. 

Following the evaluation process, a procurement notice must be delivered to all contractors 

involved explaining the motivation of the decision made, allowing the contractors to apply for 

a potential second review in county court. (Finansdepartementet, 2007) (Skanska Sverige, 

2006) (Svensk byggtjänst)   

Various types of contracting forms can be implemented in the procurement stage and the 

choice of contracting specifies the allocation of responsibilities between the building owner 

and the contracting company. There are many varieties of contracting procedures but the most 

common types are; general contracting, turnkey contracting, and partnering.  

In general contracting the client or property developer is responsible for the initial project 

planning and generally appoints the entire construction process and its management to one 

general contractor. This general contractor can in turn appoint other potential subcontractors 

during the process, but the client is responsible for the planning. (Svensk byggtjänst) (SABO)  

Turnkey contracting is the most commonly appointed contracting form and generally the 

property developer only specifies requests concerning the appearance and function of the 
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building. In similarity to general contracting, one contractor is appointed, which usually 

assign parts of the process to other contracting companies, but the turnkey contractor also has 

the main responsibility for the project planning. Hence, what distinguishes the general and 

turnkey contracting form is that the turnkey contractor is responsible for everything from the 

initial project planning to the execution of the construction and building process. As a result, 

the contractor can have a bigger influence on the construction, as long as it satisfies the 

requests set by the property developer. (Boverket, 2013)  

The contracting form called partnering is based on a more close communication between the 

client and the contractor, which generally strive towards one mutual financial goal. Both 

parties are involved from an early start in the project and the decisions can be mutually agreed 

upon. However, it should be emphasised that if the client makes the decision to withdraw 

from the cooperation they are entitled to all technical specifications and blueprints. (Svensk 

byggtjänst) (Berggren, 2015) 

2.6.1 Building process employed by Skanska  

The building process described above presents a comprehensive overview of the construction 

from the initial planning to the final completion and management of the building. Hence, it 

includes the overall work made by the building owner as well as the chosen contractor. If 

considering the building process from the contractors’ perspective only, the building process 

can be presented by the steps depicted in Figure 8, which represents the process approach 

employed within Skanska. (Skanska Sverige, 2014b)  

            

Figure 8 Illustration of the building process approach employed by Skanska.  
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In accordance with the figure, the preliminary step is to create a bid that is approved by the 

client. Based on the technical and administrative specifications presented in the contract 

documents, the contractor conducts a financial analysis and presents a bid to the client. The 

creation of a bid is supplemented by a risk management analysis, in which the potential risks 

are evaluated. By evaluating the potential risks that are related to the project, the possibility to 

avoid these are improved and it is also possible to anticipate and avoid projects that are 

unprofitable. The overall risk analysis is based on four main parameters; the competence of a 

certain area within the company, the geography, the contracting form and the size of the 

project. Consequently, the risk for each project can be estimated and classified following 

these considerations. The results can thereafter be registered and presented in a planning tool, 

along with the corresponding financial calculations. An example of such a planning tool is 

SPIK, which will be further described in section 2.7.1. 

The following steps in the building process are; the project preparation, the project 

management step, the manufacturing preparations and the manufacturing management step. 

These steps deals with the overall preparations and planning of the project and also includes 

descriptions of the overall organisation and the allocation of responsibilities. One aspect that 

is consistent throughout the entire process is to maintain the set profitability targets and to 

perform risk analyses regularly. 

The final step in the building process is the handing over of the completed building. This step 

represents the end of the manufacturing process and the initiation of the warranty period. 

However, final inspection and testing must be carried out to ensure that the construction 

fulfils the technical specifications, before handing over the building to the client. (Skanska 

Sverige, 2014b) 

2.6.2 Limitations in the building process 

Projects that are protected by the Public Procurement Act, as described in section 2.6, must be 

open and transparent in order to facilitate the monitoring process. The intention of this 

legislation is to offer new business opportunities and avoid any form of discrimination. 

However, it should be considered that the bureaucracy that arises with this legislation also 

limits the contractor’s power to influence the project. (Ministry of Helath and Social Affairs, 

2014) For instance, if a turnkey contractor wants to change some functions or appearance 

within the building after signing the contract, it could encounter resistance if the client is not 

willing to implement the changes or if it implies a breach of the contract. Nevertheless, small 

modifications of the construction and functions are often possible to implement if these are 

considered early in the initial planning stage. 

Depending of the type of employed contracting form, the possibility to affect the process is 

more or less feasible; however the most important aspect is the initiatives set by the client. 

When it comes to achieving a reduced environmental impact of a new construction for 

instance, the final outcome is directly related to the demands and initiatives set by the client, 

whilst the contractor’s company initiatives is limited in the process.  
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 Calculation tools  2.7

To enable an evaluation of a buildings overall performance and possible saving measures, 

various calculation tools can be employed depending on what kind of output that is desired. 

As mentioned earlier in section 1.2 the calculation tools used in this work are SPIK, Anavitor 

and IDA ICE, where SPIK and Anavitor are used in the evaluation of the environmental 

impact and IDA ICE in the evaluation of the energy performance. In the following sections a 

more detailed description of the calculation tools are presented. 

2.7.1 SPIK 

SPIK is a planning tool developed for Skanska. The tool is adapted to simplify the 

documentation and management procedure within the company, and it is used in the bidding 

and production of a new project. By using calculation spreadsheets and compiling all essential 

materials and services that are needed in the production phase, a detailed budget can be 

created. The created budget can further be changed in the process, allowing potential 

alterations to be made.  

Moreover, the tool is linked to a register that relates the compiled materials and services, 

accounted for in the calculation spreadsheet to various resources, which specifies the type, 

dimension and specific cost of the material and service. Depending on the length of the 

resource code, the material will be more or less defined. For instance if the resource code is 

long there is a lot of information available concerning the type and amount of material used 

(Skanska Sverige, 2014c). However, if the material has a shorter resource code there is more 

uncertainty involved. The input data for the cost of various materials and services are 

provided and continuously updated from the database SPIK CR.  

By compiling all necessary data in SPIK, an extensive indication of the project’s total cost can 

be presented. In turn, this estimated total cost can either be used to present to the client in a 

bidding process or be used within the company for documentation and financial evaluation of 

the project. (Skanska Sverige, 2015e)  

2.7.2 Anavitor 

The calculation tool entitled Anavitor (ECO2) was also developed for Skanska and it has the 

main purpose of evaluating the environmental impact of building projects. The environmental 

analysis generally includes the production and transportation of materials used in the 

construction phase. The operation of the building is also usually included in the analysis. The 

actual tool consists of a climate spreadsheet that is based on the output generated from SPIK. 

When the spreadsheet is imported from SPIK, each resource are being matched to its 

corresponding material specified within Anavitor, which is further linked to its respective 

emission factor. The input data for the emission factors is provided by Svenska Miljöinstitutet 

(IVL) and the factors are evaluated from a life cycle perspective. 

In order to create a comprehensive climate analysis from Anavitor it is required to have 

sufficient information available concerning the project. Initially, a calculation spreadsheet 

from SPIK is required for the current project. It is further required to have a detailed 

description of the framework of the building and knowledge concerning the amount of 
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materials used by the appointed subcontractors, since this is information that can easily be lost 

in the process. Furthermore, if it is desired to include the operation of the building in the 

environmental evaluation, information concerning the amount of used energy is also desired.  

Moreover, depending on the quality of the information imported from SPIK, the 

environmental analysis will be more or less reliable. When data is added to the spreadsheet in 

SPIK, the material or service can be specified with different accuracy depending on the length 

of the resource code, see section 2.7.1. If a certain component is specified with a long 

resource code for instance, it will generate in an Anavitor-calculation with a higher quality 

and accuracy. On the other hand, if the component has a shorter resource code it will generate 

in greater uncertainty, since the calculation tool has to assume the amount of material based 

on the cost of the resource rather than the specified quantity. It should be furthered 

emphasised that uncertainties in the results can also be generated from lacking quality in the 

environmental data obtained from IVL.(Skanska Sverige, 2015f) (Skanska Sverige, 2014c) 

2.7.3 IDA ICE  

In order to obtain a building with a low overall energy usage as well as a satisfactory indoor 

climate, it is advantageous to simulate the characteristics and performance of the specific 

building before construction. Hence, the usage of various simulation tools is getting more 

common in the design planning stage of new buildings. A simulation tool commonly used 

today is the modelling application IDA Indoor Climate and Energy (IDA ICE), which is 

further applied within Skanska.  

IDA ICE is a dynamic simulation tool that allows the evaluation of the energy usage and 

indoor climate within a building. The tool further permits the creation of a detailed physical 

3D-model of the studied building, including information such as construction materials, 

internal gains, type of air handling units, ventilation flow rates and set point temperatures. 

Furthermore, the simulation is based on climate data for the current location and conducted 

during a reference year. (EQUA, 2015) 
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3 Case study 

A case study of a specific bus depot is necessary in this work in order to narrow the scope of 

the project and deepen the analysis for a single case. The generated results from this study 

will further be applicable for bus depots that are similar to the studied depot. A representative 

bus depot has been identified within the region of Stockholm. The chosen depot is currently 

under construction and situated in Charlottendal, Värmdö, see Figure 2. Skanska has been 

employed as a turnkey contractor in this project and is responsible to build the depot 

according to the blueprints and requirements requested by SL. The construction of the depot 

started in 2014, and it is estimated to be completed during the summer 2016 (Skanska 

Sverige, 2015i). The reason why the depot in Charlottendal was selected is because of its 

representative features. Based on already existing depots within the area, the construction is 

quite traditional in terms of size, function, buildings and parking places. Another reason for 

making this depot desirable for further study is because of the amount of data available at 

Skanska, considering that this is an ongoing project and all documents are available within the 

company. Furthermore, the evaluation of the bus depot was performed with a holistic 

approach and the outcome of the analysis will present the depot’s total impact on the 

environment regarding emission of CO2eq. This type of analysis is extensive and includes all 

built in materials used in the construction and the total energy usage of the depot during its 

lifetime, which is assumed to be approximately 50 years. As a result, the final outcome 

generated from the study is expressed in terms of tonnes CO2eq during the depots lifetime.  

The current state of the bus depot was evaluated regarding the data that is available from 

Skanska. The results are presented in section 3.3 and this current state of the depot will 

represent the base case in the analysis. As the aim of this analysis is to reduce the emissions of 

CO2eq generated from the depot, different cases were considered for the base model. These 

cases include various interpretations of the base model, in which different possible saving 

measures were analysed. The different cases considered can be seen in section 3.4 and the 

improved results are further presented in section 3.5.  

Although the general approach of this study is holistic, the investigation of possible 

improvements will be categorised into two types of assessments; the first focusing on the 

environmental impact caused by the energy performance of the facility and the other focusing 

on the emission caused by services and built in materials used during the construction phase. 

The reason for having two assessment perspectives originates from the system boundaries, 

which are further presented in section 3.2. 

 Detailed description of the bus depot at Charlottendal 3.1

The area allocated for the depot and its activities encloses five buildings; the main building 

with the workshop stations, the office building, the storage room for tires, the compressor 

rooms and the building used for gas storage. Moreover, the site is equipped with refuelling 

stations for the different fuels used in the buses, a recycling station and parking places for the 

buses and staff. The fuels available at the depot are diesel, biogas and ethanol. The parking 

places consists of ramp parking places with weather protecting canopies. The bus depot is 
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designed for 140 buses and each bus should have a corresponding ramp providing; 

compressed air, electricity, heating and in some cases biogas to the buses. Furthermore, 

approximately 80 of the buses should be fuelled with biogas and the depot is connected to the 

district heating system. 

The main workshop building is equipped with 16 service stations, 3 washing stations, a few 

rooms used as office spaces and dressing rooms including saunas for the workers. Due to the 

high ventilation demand two ventilation systems are included within the building; one of 

which is supplying ventilation to the washing stations and the other supplying the rest of the 

building. Furthermore, the heat exchanger integrated in the ventilation system comprise of a 

plate heat exchanger with an assumed temperature efficiency of 80 percent. The office 

building represents a normal traffic building used for administrative work. The office building 

encloses features such as; office spaces, conference rooms, a reception for receiving visitors, 

changing rooms and common areas. The main and office building comprises of four and two 

stories respectively, and it should moreover be noticed that the service- and washing stations 

have a high ceiling and stretches over two stories within the main building.  

Moreover, the ground in front of each gate at the main building is equipped with integrated 

heating circuits and drains to avoid ice formation during the colder months of the year. The 

heating circuits have a thermal effect of approximately 240 W/m
2
. (Skanska Sverige, 2015j) 

An overview of the area including the buildings and some essential features is depicted in 

Figure 9.  

 

Figure 9 Illustration of the bus depot area in Charlottendal. 

As can be seen from the figure, the main and office building are the two largest constructions 

on the site and these are also significantly larger compared to the other buildings. Since these 

constitute the largest buildings, these will also generate in the largest environmental impact 

during construction and hence, when considering different saving measures, the main 

emphasis will be put on these buildings.  

As mentioned earlier in section 2.4.1 the construction of the framework and foundation in a 

typical depot building mainly consist of various forms of concrete, and this is also valid for 

the studied buildings. The construction of the main and office building is quite similar, 

including for instance the same type of inner walls and ceiling. Nevertheless, what separates 
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the two buildings is the façade. It can be observed that both buildings have outer walls 

consisting of sandwich constructions; however the outermost layer consists of bricks on the 

main building and of wooden panel on the office building. Cross section views of the two 

types of sandwich constructions are depicted in Figure 10. 

 

Figure 10 Cross section views of the external walls in the office (left figure) and main building (right figure). 

For more detailed information of the different building components for respective building, 

see Table 6. It should be furthered recognised that all components that exists within the 

buildings are not included in Table 6, but only the most basic construction parts for the 

foundation and framework are presented. The reason for only presenting these components is 

because these normally represent the largest environmental impact in the production phase 

and hence the most interesting to study more closely, as mentioned earlier in section 2.4.1.   

Table 6 Essential building components used in the construction of the main and office building. What 

differentiate the two constructions is the façade on the external walls, where the main building has a brick panel 

and the office building has a wooden panel. 

Component Material Comments 

External walls 
Concrete, cellular plastic, concrete, 

brick or wooden panels 
Sandwich construction 

Inner walls Concrete Supporting walls 

 
Gypsum, plywood, steel joist Non supporting walls 

Ground Concrete Slab 

Floor Concrete Coating  

Ceiling  Rockwool Paroc 

Roof Steel joist, roof plate, mineral wool Jagged  

 
Concrete, cellular plastic, roof cover Flat  
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Window 3 glazed 
 

 
Pilkington Suncool South facing  

Gate Steel plate, mineral wool 
 

In accordance with the table, the roof construction in both buildings consists of two types; the 

jagged roof comprising of a tin roof and the flat roof comprising of precast concrete. In the 

main building the largest part of the roof consists of the jagged roof and the flat concrete roof 

is only fixed over the ventilation room supplying air to the washing stations.  Moreover, the 

south facing windows installed in both buildings consist of Pilkington Suncool windows and 

the rest of the windows comprise of 3 glazed windows.   

In general, the specifications for the bus depot in Charlottendal are consistent with the 

requirements concerning construction and functions established for standard depots by SL. 

However, in addition to the set requirements, there were also demands concerning the visual 

appearance of the buildings within this depot. Normally, this is not a crucial aspect when 

constructing a new depot but in this particular case this was specified as it was desired to 

create an industrial feel to match other buildings within the area. The buildings were for 

instance specified to have the jagged roof construction with integrated windows and the brick- 

and wooden façade. In Figure 11 an illustration of the completed bus depot is depicted.  

 

Figure 11 Illustration of the bus depot in Charlottendal. (BBH arkitekter och ingenjörer, 2015) 

3.1.1 Available data 

The bus depot chosen for this case study is the depot currently under construction in 

Charlottendal. In order to conduct the study and create a representative base model of the 

depot, a large amount of information were obtained from Skanska. The acquired data includes 

SPIK calculation spreadsheets and the corresponding project folder assembled for the current 

project. The project folder includes information such as; building permission documents, 

specifications regarding all functions and requirements requested for in the building contract 
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and blueprints over the site and all constructions (Skanska Sverige, 2015j). BIM-models are 

further enclosed in the project folder, which represents a modelling tool that allows the 

creation of detailed 3D-models, including information concerning all structural parts and 

material quantities included in the building.   

The SPIK calculation spreadsheet includes the materials, services and labour that will be 

employed during the construction phase. However, as the building is not yet finished and the 

calculation spreadsheet is being frequently updated, there will be a margin of error in the 

obtained data. Updates occurring during the construction phase can for instance be due to a 

potential change in the amount of material used or a change in initial subcontractor, as a result 

of obtaining a better deal or similar. Moreover, as a large portion of the obtained data has 

short resource codes another uncertainty arises, as mentioned earlier in section 2.7.1. As the 

resource codes are shorter, the specification of the amount of materials will not be based on 

the actual amount used in the process, since this is unknown due to a lack of information in 

the code. Instead the amount of material will be estimated based on the cost of the material, 

which will not necessarily generate in a correct result. The materials are generally specified in 

a correct manner with an accurate amount, but issues often arise when involving materials or 

services performed by subcontractors. This is often the result of lacking information 

concerning the amount of material or service actually delivered, and only specified by the 

total cost for completing the work or expressed as a “batch” of a certain material or service.  

 System boundaries 3.2

Different approaches can be used to define the system of the depot and the choice of system 

dependents on what type of analysis that is desired. In this work two system boundaries are 

considered. 

The primary approach of the study was performed from a holistic perspective, which means 

that all constructions and features that belongs to the depot and is situated within the area 

should be included in the study. In the holistic method the outcome was allocated in two 

categories; the first category involving the emissions of CO2eq caused by the production of the 

depot, and the second category involving the emission generated during operation of the 

facility. It should however be noticed that the system that aligns with the holistic approach is 

not commonly used, since the system does not comply with the framework set by BBR.  

The second system is appointed to coincide with the boundaries and regulations defined by 

BBR, and hence it only considers the physical boundary of the buildings, as mentioned earlier 

in section 2.1.1. The main difference of the two systems is the extension of the physical 

boundary and in Table 7 a more detailed description of the two system boundaries and the 

included information are presented. 
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Table 7 Description of the systems and its boundaries, which are used in the calculations.   

Specification System 1 System 2 

Boundary 
A border which frames the whole 

area where the depot is sited 

The physical boundary of the 

buildings  

Regulations  BBR 

Analysis of the 

environmental impact 

Built in material and energy usage 

on the site 

Energy usage within the buildings 

that is allocated as property energy 

As presented in section 2.1.1, the regulations compiled in BBR apply for newly constructed 

residential buildings and other facilities, such as office buildings. However, when it comes to 

the construction of buildings such as bus depots or other industrial facilities, no specific 

regulations are introduced. Bus depots encloses a very mixed variety of functions such as 

workshops, office and parking places, which combined complicates the definition and 

classification of the facility, since it can either be defined as an industry or as an office 

building. The lack of definition creates a gap, where the energy performance of a bus depot 

cannot be regulated as other buildings.  

 Base model performance 3.3

The current condition of the bus depot in Charlottendal will be presented in this section and 

the results are obtained by calculating and simulating the depot in accordance with the 

available data described in section 3.1.1.  

In order to simulate the energy performance of the main and office building the calculation 

tool IDA ICE were used. Since the studied depot is under construction and there is a lack of 

information about the real operational data, the simulated results were compared with the 

guidelines set by BBR for office buildings. From this, the models designed in IDA ICE were 

assumed to give reasonable operational results. Moreover, the material used to build the depot 

is compiled in Anavitor by importing the calculation spreadsheet from SPIK. As mentioned 

earlier, the obtained data in SPIK includes a lot of uncertainties and lack of accurate data. 

Hence, the insufficient data concerning the most essential building components were 

complemented by analysing blueprints and corresponding BIM-models over the buildings.  

Subsequently, the bus depot’s total environmental impact was obtained by calculating the load 

caused by the materials and services used during the production phase and the load caused by 

used energy during the operational phase. The total emission of CO2eq for this bus depot was 

estimated to be approximately 16 000 tonnes, where about 42 percent is caused by the 

production and the rest 58 percent is caused by the energy used to operate the facility. The 

electricity mix used in the calculations was assumed to consist of the Nordic electricity mix, 

which has an emission factor of 90 gCO2eq/kWhel. Furthermore, the district heating is assumed 

to be supplied by Vattenfall, since that is the company delivering district heating to the 

surrounding area (Vattenfall, 2015a). The district heating mix supplied by Vattenfall was 

estimated to have an emission factor of approximately 25 g CO2eq/kWhheat, in accordance with 

the data presented in Appendix 1. 



-34- 

 

The calculations were performed from a steady state perspective, meaning that the energy 

demand and performance of the buildings, along with the composition of the delivered energy 

are assumed to be constant during the operational lifetime of the bus depot. This assumption 

is not realistic, but necessary in this evaluation in order to estimate the depot’s environmental 

impact. Additionally, the emission factors for the materials applied within Anavitor are 

calculated from a life cycle perspective, see Figure 12. However, the holistic analysis does not 

consider a complete life cycle perspective, as only the production and operation of the depot 

was considered whilst neglecting the demolition phase. This represents a further 

simplification made in this evaluation. 

 

Figure 12 An illustration showing the concept of a life cycle analysis (LCA). 

In the following sections the results concerning the environmental impact of the depot will be 

presented in two segments; the bus depot’s environmental impact generated during the 

production phase and operational phase. 

3.3.1 Environmental impact: production phase 

The main and only contributors to the emission of greenhouse gases in the production phase is 

the materials used in the production of the facility, and the energy used to operate the 

machines and temporary building barracks. The imported data from SPIK contains over 200 

resource groups, which in turn consists over 500 resource codes. The input data is extensive 

and in order to facilitate the calculation procedure only the top resource groups, which 

represent the resources generating the largest emissions, are being processed. The reason for 

only considering the top resource groups are due to the fact that these groups alone represents 

over 72 percent of the total emissions. Hence, these represent the most essential groups to 

specify more closely by further evaluation of the blueprints and BIM-models.   

Moreover, the top five contributors to the emission of CO2eq are presented in Figure 13 and 

the result obtained from Anavitor shows that the built in concrete has the biggest impact on 

the environment. The top five material groups originates from construction parts such as the 
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foundation, floor slabs, external- and supporting inner walls, and insulation in walls and roofs, 

which comprises the largest building components within the depot. Accordingly, it is 

reasonable that the materials allocated to these construction parts will generate in the largest 

emissions. Concrete is a common material used in all types of buildings, and in this depot 

concrete is employed in most construction parts and constitutes the largest amount of 

materials. Even though concrete does not represent the material with the highest emission 

factor, the quantity of the material is still remarkably high and as a result, it constitute the 

material group with the highest emissions. The total emissions from the production phase is 

around 6 700 tonnes of CO2eq and more detailed information about the emissions generated 

from the top five material groups are presented in Appendix 2.  

 

Figure 13 The percentage distribution of the total emissions instigated during the production phase.  

Some complications that were encountered in the calculation process were first of all the lack 

of information concerning materials used in the production. Even though the spreadsheet in 

SPIK was available, the obtained data was not completely accurate and hence not adequate for 

performing the environmental calculation. SPIK is a tool for project management and as 

mentioned earlier in section 3.1.1, a large majority of the material resources specified in the 

spreadsheet are not registered with its quantity but with its corresponding cost for instance. As 

the data was not complete, the largest resource groups were reviewed a second time by 

evaluating BIM-models of the buildings, which was done in order to obtain the requested 

quantity of the recalculated resource. Nevertheless, as the construction is not complete and the 

work with the BIM-models is not entirely completed either, the material data extracted from 

the model cannot be seen as completely reliable. As a result, the information generated from 

SPIK and BIM was supplemented and ensured with material quantities calculated manually 

from the blueprints.  

After establishing the amount of materials used in the process, all available data were 

consequently introduced in Anavitor where the environmental impact generated during the 

production phase of the depot was evaluated. The calculation process is illustrated in Figure 

14. 
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Figure 14 Illustration of the calculation process where the material quantities were estimated by combining 

information from SPIK, BIM-models and blueprints. 

It should however be noticed that the calculation process described above in Figure 14 cannot 

be considered consistent, as the analysed data was extracted from different sources and by 

different methods. Additionally, the calculation procedure made within Anavitor is not 

displayed for the user, which generates in a further uncertainty as the assumptions and 

methods used in the calculation cannot be confirmed and verified by the user. These 

mentioned factors will thus result in possible errors and uncertainties in the final result.  

3.3.2 Environmental impact: operational phase 

In this section the energy performance of the bus depot will be presented, which furthermore 

comprise of three main parts; the energy usage within the buildings, where the results will be 

related to the BBR regulations, the part that involves the energy used on the ramps, and the 

energy that is used to heat the ground outside the gates at the main building.   

The simulation tool IDA ICE was used to simulate and calculate the bus depot’s 

environmental impact caused by energy usage within the buildings during operation. The 

model was created to represent the main and office building, with its corresponding size and 

physical properties. The results from the modelling and simulation processes are depicted in 

Table 8, and more detailed information concerning the outcome of the buildings energy 

performance can be found in Appendix 3.   

Table 8 Obtained results from the base model in IDA ICE.  

Base model of the bus depot in Charlottendal in IDA ICE 

 
Main building Office building 

Floor area of the building (Atemp, m
2
) 47 000 480 

Window area (m
2
) 920 130 

Envelop area (m
2
) 15 000 1 800 

Life span (years) 50 50 

The energy performance of the building 

according to BBR (kWh/m
2Atemp/year) 

120 85 
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The total energy performance 

(kWh/m
2Atemp/year) 

180 120 

Delivered heat (kWh/m
2Atemp/year) 76 62 

Delivered electricity, property/operational 

(kWh/m
2Atemp/year)  

35/64 13/37 

As can be seen from Table 8, the energy performance is separated by the performance 

according to BBR and the total performance. What differentiate the expressions is that the 

column presenting the performance in accordance with BBR does not take the operational 

energy into consideration, while the column including the total energy performance include 

all heating and electricity used within the property.  

If the buildings are evaluated as office buildings, neither fulfils the updated energy 

performance requirement set by BBR. As mentioned in section 2.1.1, the recently updated 

guidelines are stricter and in office buildings an energy performance of 70 kWh/m
2 

or lower is 

required. If the buildings at Charlottendal are evaluated by the old guidelines on the other 

hand, the office building will meet the requirement, as it has a performance of 85 kWh/m
2
 and 

the previous guidelines was 90 kWh/m
2
. However, as the main building can be seen as an 

industrial facility it cannot be specifically classified and it does not have any specific 

requirements to fulfil.  

Simplifications of the real buildings were necessary in order to create the models and 

facilitate the modelling process. For instance, some rooms in the buildings were merged to 

one large room and all doors were set to be closed during the simulations. The reason why the 

model was created in this way was to reduce the amount of rooms that needed to be calculated 

and reduce the simulation time. Both buildings require heating and cooling, and the delivered 

temperature from the air handling unit is either determined to be 18 or 20˚C depending on the 

current outdoor temperature. The set point temperature for heating and cooling is set to be 21 

and 23 ˚C respectively and these values are aligned with the recommendations and guidelines 

set for office buildings (SVEBY, 2013). Additionally, the main building was equipped with 

two air handling units however; these do not represent the actual air handling units in the 

building. As mentioned in section 3.1, one air handling unit supplies air for the washing 

stations and one supplies the rest of the building. In the simulations on the other hand, one is 

assigned to supply air to the parts of the building defined as “office-spaces” and the other one 

to supply the workshops and washing stations. This division was made due to the difference 

in the activity within the building. For instance it is assumed that the workshop and washing 

stations have an around the clock activity, while the rest of the building is assumed to have an 

activity corresponding to normal office hours.  

More simplifications and assumptions that were made in these models, along with 

assumptions made in the calculation of the energy used for the buses and ground heating are 

summarised in Table 9. 
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Table 9 Simplifications and assumptions made during the modelling of the buildings in IDA ICE. 

Construction material and parts Simplification and assumptions 

Doors 

All doors are simplified to one single type of door made by 

wood, the doors are always closed and all doors on the 

same side of the building are merged into one big door. 

Insulation 
Limitation in database: All insulation is specified as light 

insulation and has the same properties. 

Rooms 
Rooms on the same floor with similar activities and 

properties are merged into one large room. 

Window 
Same windows on the same side of the building are merged 

into one big window. 

Building properties 
 

Activity schedule 

Different schedules are implemented for different 

activities. Both the main- and office building are assumed 

to be seen as an office building and the only difference 

between these two is that parts of the main building has an 

around the clock activity. The office building and areas 

that includes office activities is assumed to have activities 

at working hours 8-17, and the fan operation for these 

areas is active one hour before and after the ordinary 

schedule, i.e. 7-18.  

Domestic hot water usage Assumed an annual demand of 5 W/m
2
. (Berggren, 2015) 

Heat gains 

Lighting: 7 W/m
2
 in offices and 5 W/m

2
 for garage areas 

Equipment: varies dependent on the activity in the room 

(0, 9 or 15 W/m
2
) 

People occupying the room: varies dependent on the type 

of room. 

(SVEBY, 2013) 

Heating and cooling period 

The climate data retrieved from ASHRAE Fundamentals 

2001 and the location is set to Bromma in Stockholm. 

(IDA ICE 4.6.2, 2015) 

HVAC 

Properties are corresponding to the requirements from SL 

and SVEBY. In reality, the supplied air volume is variable 

and depending on the occupancy in the rooms, but the 

created model has a constant air volume and no occupancy 

sensor, since it is easier to model and simulate. (SVEBY, 

2013)  

Infiltration  

At a pressure difference of 50 Pa the average air leakage 

must not exceed 0.6 l/sm
2 
external surface according to 

BBR. To obtain a value for the infiltration value of the 

building, the value from BBR is divided with 20, which 

comprise an empirically derived value, and the value is 

hence fixed at 0.03 l/sm
2 
external surface. (Boverket, 

2015b) (Awbi, 2003) 
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Set point temperature heating/cooling 

Set point temperature for heating is 21 ˚C and the set point 

for cooling is 23 ˚C aligned with the guidelines set by 

BBR. (SVEBY, 2013) 

Thermal bridges 

Are set to 0.09 W/m
2
K envelop area and this value is a 

default value adopted by Skanska. This standard value can 

only be used if the U-value of the envelope is somewhere 

between 0.15-0.25 W/m
2
K. (Skanska Sverige, 2015h) 

Bus properties  

Energy demand for heating 

Demand specified by SL is 10 kW/bus, but a recent 

research shows that the delivered heat needs to be 

30 kW/bus in order to meet the requirements, see section 

2.4.1 

Operating heating hours 

The annual heating hour is assumed to be 1700 h and the 

heating period is approximately 8 months (Oct-May), and 

hence the operating time per day during the heating period 

is around 7 h/bus/day. (Ådin, 2014) 

Area outdoor ramp The area is approximately 13 600 m
2
. 

Ground heating  

Energy demand for heating The heating specified by SL is 240 W/m
2
. 

Operating heating hours 
The heating period is assumed to be 3 months per year 

(Nov-Jan) 

Area ground heating The heated ground area is around 1 200 m
2
 

The assumptions and parameters used for evaluating the heating demand of the buses, in 

Table 9, were based on an earlier life cycle cost analysis (LCC). The analysis was made in 

connection to the current development of the bus depot in Charlottendal and was further 

conducted by Skanska on behalf of SL. The investigation was initiated as a result of the 

increased power demand on the ramps, as mentioned in section 2.4.1, and the aim was to 

consider whether it would be profitable to park the buses indoors instead. The main focus of 

this investigation was directed mainly towards the financial part and whether such a venture 

could be considered profitable, and not towards the environmental aspect of the situation. The 

proposal for the new parking place was however not adopted by SL. (Storstockholms 

lokaltrafik, 2015) Even though 30 kW is actually needed to provide the sufficient amount of 

heat for the buses, the figure 10 kW per bus is used in this study, since this is set by SL in the 

requirements. It should be further mentioned that the electricity used at the ramps is not taken 

into consideration when estimating the energy use at the ramps. The decision is based on the 

assumption that the electricity used by the buses will be constant when considering different 

energy saving measures and the energy used as electricity will further be much lower in 

comparison to the total usage of energy.  

As mentioned earlier in section 3.1, the energy used as ground heating outside the gates has a 

thermal effect of 240 W/m
2
. From the building specifications, the heated space is identified to 

be approximately 330 and 880 m
2
 for the inlet- and outlet gates respectively. Combining this 
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information with the assumption that the ground heating is only needed during three months 

per year, the total energy use can be estimated.    

By compiling all operational data, the environmental impact of the bus depot’s operational 

phase was estimated to be around 9 200 tonnes of CO2eq. As can be seen in Figure 15, the 

energy usage in the main building stands for 36 percent, 49 percent is instigated by heating 

the buses at the ramps and 13 percent is generated from the ground heating. Moreover, it can 

be concluded that the office building has a relatively low energy demand during its operation, 

as it only represents 2 percent of the total usage of energy. As a result, it does not have an 

immense impact on the environment compared to the energy used in the main building, on the 

ramps and ground, see Figure 16. 

 

Figure 15 Allocation of energy usage within the depot during its lifetime. 

The allocation of the emission of CO2eq from the operational phase is depicted in Figure 16. 

More detailed information regarding the energy used on the site and the generated emissions 

are presented in Appendix 4.   
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Figure 16 Allocation of CO2eq emissions generated from the operation of the depot. 

The delivered heat for the buses that are parked on the ramp stands for a major part of the 

delivered energy and environmental impact of the depot. However, if evaluating the heating 

demand in relation to the operational lifetime of a bus it does not have same significant 

impact, since the emissions instigated from the usage of fuels are higher. The emission of 

CO2eq that is caused by the usage of district heating does only represent 0.5-1.4 percent of the 

total emission from the operational phase of a bus, see section 2.4.3. 

 Possible savings 3.4

In order to investigate how the bus depot could be constructed to be more energy efficient and 

climate neutral, two approaches were considered. The first approach considered an 

optimisation of material used in the construction of the depot and the second considered an 

improvement in the overall energy performance of the two main buildings on the site. Based 

on these approaches four cases were created, in which different saving measures were 

implemented. As can be seen in Figure 17, case 1 and 2 are based on the approach of 

optimising the usage of materials, and case 3 and 4 are based on improving the energy 

performance of the buildings. By evaluating each saving measure and comparing these in 

relation to each other, the corresponding significance and impact were identified. Moreover, 

in order to make the measures comparable, the outcome of each measure will be presented in 

terms of environmental impact regarding the emission of CO2eq.  

A more detailed description of each case is presented in sections 3.4.1 to 3.4.4 and the results 

from each case are further presented in section 3.5.  
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Figure 17 The approach used to identify the saving measures. 

3.4.1 Case 1  

The top five contributors to the emissions of CO2eq are concrete and reinforcing bars, asphalt, 

mineral wool and plastic foam. Based on these facts it is desirable to reduce the usage of these 

materials in the construction phase. As a result, case 1 was created with the aim of lowering 

the usage of materials and consequently the emissions. However, the implemented changes 

should not affect the specifications set by SL and the current energy performance of the 

buildings should be maintained, which implies that the building envelope should remain 

uncompromised. 

The first implemented measure included in this case involved a reduction in the amount of 

concrete used in the external walls of the two largest buildings on the site, which consist of 

the main building and the office building. As can be seen in Figure 10, the external walls 

employed within these buildings comprise of sandwich constructions. According to the BIM-

model and blueprints; half of the external walls in the main building consist of supporting 

walls and two solutions are employed in this building. In the part of the building that includes 

supporting walls, the outmost concrete layer of the sandwich construction is removed and 

complemented by wall ties that secure the position of the bricks. However, since cellular 

plastic is a fire hazard and should not be directly exposed to the surroundings, the insulation 

in these walls must be replaced. As a result, the new type of insulation in these walls comprise 

of mineral wool. Furthermore, as the external walls in the office building is supporting, the 

same alterations concerning concrete and insulation was made in this building. It should be 

noticed that the reduction in amount of concrete also generates in a reduction of reinforcing 

bars used in the process. The non-supporting external walls in the main building on the other 
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hand allow more comprehensive alterations when it comes to the construction, since the 

strength requirements in these walls are not as strict. Hence, the sandwich construction is 

replaced with an infill wall, which consists of a non-supporting structure. A cross section 

view of an infill wall with a brick façade is depicted in Figure 18.  

 

Figure 18 A sectional illustration of the infill wall with brick as façade. (Skanska Sverige, 2015g) 

It should be further noticed that changing the amount of materials and type of construction in 

this case, does not lead to any significant changes in the buildings energy performance, since 

the U-values remains more or less unchanged. Additionally, the visual appearance of the 

façade was also preserved, as the brick- and wood panels were not replaced.      

The second measure included in this case was to replace parts of the roof on the main 

building. As presented earlier in section 3.1, the roof mainly consists of a tin roof construction 

however, the area above the washing stations are equipped with roof elements comprising of 

precast concrete. In this case, the precast concrete was replaced with a tin roof to match the 

rest of the building.  

Additionally, the possibility of reducing the amount of asphalt on the site was also considered. 

Hence, the asphalt was removed from the staff parking lot, where the activity and strain is 

much lower compared to rest of the depot, and replaced with an additional layer of crushed 

stone.  

In order to analyse the potential emission reduction that these measures will generate in, these 

are integrated into the base model created in Anavitor. The materials removed or changed are 

correspondingly being replaced within the base model and hence, the environmental impact of 

the altered construction could be evaluated. An overview of the measures implemented in 

case 1 is presented in Table 10 and the results generated from the case are further presented in 

section 3.5.  
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Table 10 The reduction of material on site, and in main and office building. 

Implemented measures 

Building component Main building Office building On site 

External wall 

Replacing 50% with 

infill walls + 50% with 

walls consisting of 

concrete-mineral wool-

bricks 

Replacing 100% with 

walls consisting of 

concrete-mineral 

wool-bricks 

 

Roof 

Precast concrete 

replaced by a tin roof 

(steel joist-tin-mineral 

wool-roof cover) 

  

Ground  
  

Removing asphalt 

from the staff parking, 

replacing with more 

crushed stone 

3.4.2 Case 2 

As concrete alone stands for 42 percent of the total emission of greenhouse gases from the 

production phase it represents the material causing the largest environmental impact in the 

construction of the depot. Hence, it is essential to lower the emissions from this material. In 

contrast to case 1 where the overall aim was to reduce the amount of concrete and other 

materials, this case was created with the intention of maintaining the current construction but 

considering other types of materials, which have a lower environmental impact. Furthermore, 

in similarity to case 1 the measure implemented in this case should not affect the 

specifications and energy performance of the building. The green construction solution 

analysed in this case was concrete containing fly ash.  

Concrete consist of a mixture of rock materials, cement and water. The production of cement 

generates in large emissions of CO2eq to the surroundings and it is therefore an essential 

process to investigate more closely (SvenskBetong, 2015). The technology of using other 

types of materials instead of cement in the concrete production has been recognised for 

several years and during the 1950s the usage of fly ash was first introduced 

(TeknologiskInstitut, 2015). Fly ash is a by-product from power plants fired with coal and 

composes of the non-combustible part of the fuel (Cementa, 2014). The advantage of using 

fly ash in the production is partially the reduced emissions, due to the reduction of cement 

normally used in the process, but another advantage is the increased strength of the material. 

By replacing some cement with fly ash the environmental impact of the concrete can be 

lowered, since the fly ash does not cause any emissions according to the current allocation of 

the environmental impact. Moreover, the fly ash that is integrated in the concrete will 

contribute to a higher amount of solid materials in the concrete, which results in a higher 

strength while reducing the risk of separation of the material. The downside of choosing this 
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type of concrete is the prolonged settling time of the material. Furthermore, the amount of ash 

that is possible to implement depends on the needed strength classification of the concrete. 

There is for instance possible to include more ash in concrete with a lower strength 

classifications compared to those with a higher classification. (TeknologiskInstitut, 2015) As 

mentioned earlier, this type of material also generates in lower emissions and according to 

Cementa it is possible to achieve a reduction in the emission of CO2eq by approximately 10 

percent, compared to regularly used concrete. (Cementa, 2014) 

By assuming that all concrete within the whole depot is being replaced by concrete with fly 

ash, the new environmental impact was evaluated. The results concerning the lowered 

environmental impact generated from the implementation of this measure are presented in 

section 3.5. 

3.4.3 Case 3  

In this case the main focus was to improve the energy performance of the main buildings. The 

evaluation was based on the energy requirements presented by BBR, which means that the 

operational energy was not included in the calculations. Hence, the energy included in the 

operational energy, such as the heating of the buses, was not considered. The measures 

implemented in this case were decided upon with the focus on optimising the construction 

without employing any special efforts. Consequently, three measures regarding creating a 

better building envelope were employed for both buildings. 

The first measure comprised of improving the climate envelope of the buildings by 

considering another type of insulation. The new type of insulation comprise of EPS-graphite, 

which is a type of expanded cellular plastic. Graphite is integrated into the material and it 

offers an insulation capacity 20 percent more efficient compared to normal cellular plastic 

(Jackon Isolering, 2009). Thus, two energy saving options were evaluated in this case. The 

first option evaluated included using EPS-graphite while retaining the same amount of 

insulation in the external walls (150 mm EPS-graphite), which means that the walls will 

obtain a correspondingly lower U-value. The second option involved reducing the insulation 

thickness in the walls by 20 percent (120 mm EPS-graphite), which implies that the U-value 

of the external walls will remain unchanged.  The U-value is the overall heat transfer 

coefficient and it represents the insulation capacity of building elements, and a low U-value 

represents a better insulation capacity within the considered element.   

Secondly, the windows throughout the entire building were replaced with more energy 

efficient alternatives. This measure was implemented as the windows comprise approximately 

6 percent of the total envelope area and it was assumed to be an essential heat loss factor in 

the building. As mentioned earlier in section 3.1, the majority of the windows installed in the 

buildings comprise of 3 glazed windows and the windows facing south are equipped with the 

more energy efficient alternative comprising of Pilkington Suncool windows. With the aim of 

creating more efficiency within the building, all windows were equipped with Pilkington 

Suncool windows in this case, as to generate in better U-values for the windows. In Table 11, 

the two types of windows are presented with its corresponding U-values.  
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Table 11 Window types and its corresponding U-values. 

Window type U-value (W/m
2
K) 

3 glazed  1.9 

Pilkington Suncool 0.6 

The third measure in creating a better energy performance concerned a reduction of the 

infiltration into the building envelope. The infiltration of a building is directly linked to the 

accuracy of which the construction has been executed, and with today’s technique and 

knowledge it is possible to construct buildings with a very low infiltration rate. The low 

infiltration can be achieved by more precise assembly of the construction parts during the 

production phase of the buildings. Hence, creating a better building envelope is simply a 

matter of priority during the construction process and something that can be achieved. 

Assuming that the infiltration in both buildings can be reduced by half, the infiltration was 

lowered from 0.30 to 0.015 l/sm
2
.  

Based on the base models created in IDA ICE, the three energy saving measures were 

implemented into the models. By simulating the measures separately and comparing these in 

relation to the initial results, the measure’s impact on the overall energy performance was 

evaluated, see section 3.5.  

3.4.4 Case 4 

The energy used to heat the buses parked at the ramps represents a large proportion of the 

energy used within the depot, see Figure 15. As this also generates in a large part of the 

environmental impact from the depot, it is highly desirable to reduce this usage of energy. 

Consequently, case 4 was created with the intention to reduce the amount of energy used 

during the depot’s lifetime and hence lower the overall emissions. The measure considered in 

this case involves the replacement of the current parking place. Instead of parking the buses 

outside at ramps, an alternative solution was considered where the entire parking lot is 

situated indoors. By creating an indoor parking, it was anticipated that the energy used for the 

buses can be significantly lowered. However, the increased environmental impact from the 

construction of the new garage building must also be considered. There are furthermore other 

benefits of parking the buses indoors. For instance, an indoor parking place represents a better 

working environment for the staff, it helps protect the buses from wear and vandalism and it 

facilitate the removal of snow and ice during winter. 

Assuming the same type of garage construction, as used in the investigation described more 

closely in section 3.3.2, a base hall construction supplied by Strängbetong was considered. 

The area of the building is 13 600 m
2
 and can accommodate approximately 140 buses during 

operation (Storstockholms lokaltrafik, 2015).  The building comprise of two main elements 

primarily consisting of concrete; the external wall construction and the roof construction. The 

external walls comprise of a sandwich construction, including a layer of concrete, cellular 

plastic and a second layer of concrete. Furthermore, the reinforcing bars integrated with the 

concrete in the roof elements are pre-stressed in order to enable wider spans of the material. 

(Strängbetong, 2015) (Eriksson, 2015)  
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The measure considered in this case was evaluated in several steps. Based on the material 

quantities needed for the construction of the new building, the additional emissions generated 

from the building process was estimated. In Table 12 the most essential building components 

used in the construction of the base hall building are presented.  

Table 12 Materials in the building component for the base hall. (Eriksson, 2015)  

Component Material Comments 

External walls  
Concrete, cellular plastic, 

concrete  
Sandwich construction 

Roof 
Concrete, cellular plastic, 

mineral wool 
Roof element TT/F 

Supporting beams  Concrete 
Concrete columns RP, concrete 

beams 

Gate Cellular plastic, aluminium  
 

Secondly, by creating an additional model over the base hall in IDA ICE, it was possible to 

estimate the building’s energy usage during operation and its corresponding environmental 

impact. In similarity to the modelling of the main and office building, several simplifications 

and assumptions were made, and the most essential information is compiled in Table 13. 

Table 13 Simplifications and assumptions made during the modelling of the base hall building in IDA ICE. 

Construction material and parts Simplification and assumptions 

Doors 

All openings are simplified to one single type of gate made 

by light insulation and aluminium, the gates are always 

closed and all gates on the same side of the building are 

merged into one big door. 

Insulation 
Limitation in database: All insulation is specified as light 

insulation and has the same properties. 

Rooms The whole building comprise of one open space. 

Window 
Same windows on the same side of the building are merged 

into one big window. 

Building properties 
 

Activity schedule 
The building is assumed to have 70 % activity at working 

hours 8-17 and 15 % activity during the rest of the day.  

Heat gains 

Lighting: 5 W/m
2
 for garage areas 

Equipment: as there is not a lot of equipment within the 

building, 1 W/m
2
 is assumed. 

People occupying the room: few people present in the 

building 

(SVEBY, 2013) 

Heating and cooling period 

The climate data retrieved from ASHRAE Fundamentals 

2001 and the location is set to Bromma in Stockholm. 

(IDA ICE 4.6.2, 2015) 
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HVAC 

A constant air volume and no occupancy sensor are 

assumed, since it is easier to model and simulate. 

Furthermore, a plate heat exchanger with a temperature 

efficiency of 80 % is assumed, in similarity to the main- 

and office building. (SVEBY, 2013)  

Infiltration  Fixed infiltration rate of 0.03 l/sm
2
, see Table 9. 

Set point temperature heating/cooling 

Set point temperature for heating is 10 ˚C and the set point 

for cooling is 23 ˚C, where 23 ˚C is in accordance with 

SVEBY and 10 ˚C  is set to reach the required temperature 

in the buses, see section 2.4.1 (SVEBY, 2013) 

Thermal bridges Are set to 0.09 W/m
2
K, see Table 9. 

The results from the modelling of the base hall are depicted in Table 14, and more detailed 

information concerning the outcome of the energy performance of the building is presented in 

Appendix 3. 

Table 14 Obtained results from the base hall in IDA ICE. 

Base hall properties in IDA ICE 

Floor area of the building (Atemp, m
2
) 13 600 

Window area (m
2
) 290 

Envelop area (m
2
) 31 000 

Life span (years) 50 

The energy performance of the building 

according to BBR (kWh/m
2
Atemp/year) 

38 

The total energy performance 

(kWh/m
2
Atemp/year) 

50 

Delivered heat (kWh/m
2
Atemp/year) 23 

Delivered electricity, 

property/operational (kWh/m
2
Atemp/year) 

13/15 

Considering that the buses do not require any extra heating when parked within the base hall, 

there is a lot of energy to be saved in the process. This since the temperature inside the bus 

will be kept at the same temperature as the surrounding temperature within the garage, which 

can be assumed to be kept at an appropriate level during the whole year.   

Considering the increased environmental impact from the usage of additional materials and 

energy during the operational phase, in combination with the energy that can be saved by 

parking the buses indoors; the potential energy savings were estimated. The corresponding 

reduction in CO2eq and further results from this case are presented in section 3.5. 
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 Results 3.5

By compiling all data regarding the environmental impact from the production and 

operational phase, presented in sections 3.3.1 and 3.3.2, the total environmental impact from 

the base model was estimated. In Figure 19 the relative percentage distribution of the total 

emissions are presented and allocated between materials, electricity and heating respectively. 

The total emissions of CO2eq during the lifetime of the depot was estimated to be 

approximately 16 000 tonnes and the largest impact is furthermore instigated from the usage 

of energy during the operational phase, which is divided into electricity and heat in Figure 19.  

 
Figure 19 The relative percentage distribution of the total emissions from the base model.  

Based on these numbers, each saving measure was implemented and compared in relation to 

the base case. By doing this it was possible to evaluate the impact and significance of each 

case and hence deduce the most beneficial from an environmental perspective. In the 

following sections the results concerning the altered environmental impact instigated from 

each case is presented.   

3.5.1 Reduced emissions from the production phase 

The aim of case 1 was to reduce the bus depot’s environmental impact by optimising the 

usage of built in materials, which involved a reduction of the amount of concrete and asphalt 

used within the depot area. The saving measures described more closely in section 3.4.1, were 

applied in the base model and the new result concerning the emissions from the production 

phase is depicted in Figure 20.  
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Figure 20 Comparison of material groups in the base model and case 1.  

As can be seen in the figure, the total emissions from the production are divided into different 

material groups and it can further be seen that the environmental impact from the concrete for 

instance has been reduced compared to the base model. Moreover, as the intention of the 

measure was to reduce the environmental impact without changing the building performance 

of the depot, the impact from the operational phase will remain the same even if some 

construction parts are changed. Hence, it is only the emissions from the production phase of 

the depot that will be altered. If the bus depot in Charlottendal is built according to case 1 the 

total emissions from the production phase will be reduced by roughly 9 percent, which 

corresponds to approximately 580 tonnes of CO2eq. However, the total emission reduction 

generated by implementing case 1 is around 4 percent. For more detailed information 

regarding the reduction in materials, see Appendix 5.   

As mentioned in section 3.4.2, the aim of creating case 2 was to reduce the emissions from the 

production by using concrete containing fly ash, which has a lower emission factor. By 

considering this measure the emissions from the concrete could be reduced by up to 10 

percent, which implies a reduction of 4 percent and 280 tonnes of CO2eq from the whole 

production phase. In Figure 21 the emissions from the production is presented for case 2 and 

the base model. 
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Figure 21 The possible reduction of CO2eq in case 2.   

Furthermore, as the energy performance of the buildings is not affected with this measure, in 

accordance with case 1, it is only the emissions from the production that will change. By 

implementing case 2 the total emissions considering the whole depot will be reduced by 

approximately 2 percent.   

3.5.2 Reduced emissions from the operational phase 

In case 3 the main focus were to improve the energy performance of the main and office 

building in accordance with the key figures set by BBR. Three saving measures were analysed 

in the case including; improving the building envelope of the building by lowering the 

infiltration rate, replacing the insulation in the external walls by EPS-graphite and changing to 

more energy efficient windows. As mentioned in section 3.4.3, the saving measure concerning 

EPS-graphite was evaluated from two different perspectives. The environmental impact was 

firstly evaluated with an insulation thickness of 120 mm EPS-graphite and secondly with a 

thickness of 150 mm EPS-graphite. 

When it comes to lowering the infiltration rate, changing the windows and replacing the 

insulation with 150 mm EPS-graphite, these measures will only affect the energy performance 

of the building and lower the environmental impact from the operation of the depot. However, 

when changing the insulation to a thinner 120 mm EPS-graphite, the building envelope will 

have the same U-value as before and as a result, there will be no reduction in the usage of 

energy. Instead, there will be a reduction in the amount of used insulation material in the 

production phase and hence, the environmental impact from the production phase will be 

lowered. When comparing the two insulation measures towards each other it could be 

concluded that the 120 mm insulation was more beneficial than retaining the same thickness, 
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even though the 150 mm insulation generated in more energy savings. This was owing to the 

fact that the environmental impact instigated by the material was larger than the impact from 

the used district heating. Consequently, it was more beneficial to lower the amount of material 

in the current situation and an insulation thickness of 120 mm was assumed in the 

calculations.  

By introducing the three saving measures in the base model it was concluded that the 

emissions could be reduced slightly for both the production and operation. The total emissions 

were lowered by approximately 1 percent, which corresponds to 150 tonnes CO2eq. For more 

detailed information concerning the various saving measures and its impact on the emissions, 

see Appendix 5. 

As described in section 3.4.4, case 4 involved building an indoor parking place for the buses 

with the aim of reducing the energy used to heat the buses. The heating and electricity 

demand in the already existing buildings was not be affected by the new base hall. However, 

the increased environmental impact from the construction and operation of the new base hall 

must be considered. By parking the buses indoors there are large amount of energy to be 

saved, which can be seen in Figure 22 as the total energy demand within the site will decrease 

significantly.  

 

Figure 22 The new energy demand for the bus depot in case 4.   

With case 4 the total electricity demand of the depot will increase by 38 percent and the total 

heating demand will be reduced by 65 percent. However, the reduction in total energy 

demand is not reflected in the results of the environmental impact. This is because the 

emission factor for the district heating is relatively low and as a result, the reduced heating 

demand will not have a corresponding impact on the emissions. After taking the production 

into consideration and comparing case 4 with the base model, is was concluded that the 
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investment in material was not feasible in the current conditions. Instead of reducing the 

emissions, the environmental impact increased by approximately 9 percent, which 

corresponds to around 1 400 tonnes of CO2eq. 

3.5.3 Results from the implemented measures 

To sum up the result presented in previous sections, the measures implemented in cases 1 to 3 

will lead to small reductions in the total emissions, while the measure in case 4 will generate 

in a higher total emission. The total emissions for the base model and the four cases are 

compiled in Figure 23, where the total emissions are allocated into its contribution from heat, 

electricity and material. 

 

Figure 23 Total CO2eq emissions from the base model and cases 1-4, expressed in tonnes of CO2eq during the 

lifetime of the depot. 

Considering the results from the case study, it can be concluded that the most beneficial 

measures from an environmental perspective would be to implement case 1, as the total 

emissions from the lifetime of the depot is reduced by up to 4 percent, which corresponds to 

approximately 580 tonnes of CO2eq. To clarify the results depicted in the figure, the total 

emission change for each case is further presented in Appendix 5.    
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 Advancement in Skanska’s Color Palette 3.6

Skanska’s Color Palette is only developed to evaluate projects concerning building and civil 

constructions. Hence, if the bus depot in Charlottendal is evaluated by this model, only the 

office building can achieve any grading, since it represents the only building on the site that 

resembles such a project. For the energy criterion, the office building’s energy performance 

aligns with the current BBR’s regulations and can therefore be graded as Vanilla. In order to 

advance in its grading the office building has to improve its performance by 25 percent, which 

is not possible to achieve with the studied measures. The best result that was obtained is an 

improvement of 18 percent for the office building by implementing the measures in case 3. 

When it comes to grading the office building’s climate impact according to the Color Palette, 

the highest grading that is possible to achieve is Green 1. If it is desired to advance to Green 

2, a CO2eq reduction of at least 25 percent is required. However, this is not possible to achieve 

with the implemented measures. The best result that can be achieved is an overall emission 

reduction of 9 percent, but as this reduction is not solely limited to the studied building it is 

not accounted for.   
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4 Sensitivity analysis  

In order to investigate the relevance of the obtained results from the case study more closely, 

a sensitivity analysis was performed. The aim of this analysis was to enlighten the importance 

of the chosen parameters, since the made assumptions in the created case study are highly 

contributing to the embedded uncertainties in the final results. Consequently, the results 

presented in section 3.5 are complemented with the findings from the sensitivity analysis.  

Approximately 58 percent of the bus depot’s total environmental impact is caused by the 

energy usage during its operation; hence the choice of emission factor for the energy mix has 

a significant impact on the result and represents an interesting parameter to study more 

closely. Furthermore, as the studied depot is located in Gustavsberg, some of the parameters 

assumed in the study were adjusted to match the conditions within this specific area. For 

instance, the district heating considered was assumed to be delivered by Vattenfall, since they 

are the main supplier in this area. However, as the overall ambition of this study is to present 

an evaluation that is representative for all bus depots within the area of Stockholm, it is also 

desirable to alter and evaluate the chosen emission factor from this perspective.  

The delivered heat to the buses represents almost 50 percent of the total energy used on the 

site however, as mentioned in section 2.4.1 the heating demand for the buses actually needs to 

be three times higher. Considering this fact, it is further interesting to evaluate how the 

attractiveness of the different cases will change if assuming a higher demand and hence an 

increased usage of heat.  

Based on these remarks, three essential parameters were considered in the analysis, which was 

altered to analyse its impact on the final results. The three parameters considered for further 

analysis included; the choice of emission factors for the energy mix, which comprise of the 

district heating and electricity mix, and the required heating demand for the buses.  

 Choice of emission factors for the energy mix  4.1

The emission factors for electricity and district heating mix are two parameters that are 

essential to investigate, since these have an immense impact on the final results. Depending 

on the considered perspective and geographical restrictions of a specific analysis, the 

magnitude of the emission factors can vary considerably. Different emission factors for 

electricity and district heating are presented earlier in section 2.2 and as it can be observed, 

the emission factors obtain very different values depending on the considered perspective. For 

instance, if the delivered electricity is assumed to come from the European electricity network 

instead of the Nordic, the emission factor is four times higher and the total emission of CO2eq 

will increase by 96 percent. Consequently, the environmental impact from the usage of 

electricity will increase. In Figure 24 the total CO2eq emissions from the base model are 

presented considering different electricity mixes.   
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Figure 24 Total CO2eq emissions from the base model, considering different electricity mixes.  

The attractiveness of the saving measures presented in section 3.4 is highly dependent on the 

chosen value for the assumed parameters. For instance, if the evaluation of the electricity 

usage is based on a European mix it would be more interesting to considerer saving measures 

that are directly linked to a reduction in electricity demand. However, the electricity mixes 

classified according to the European system and Bra miljöval represents two extreme cases 

when it comes to the environmental impact and as a result, it was not desirable to use these 

parameters in the analysis.  

Vattenfall is the distributor of district heating to the bus depot in Charlottendal. The emission 

factor of the produced hot water is lower compared to other distributors in the Stockholm 

area, which is the result of a high ratio of renewable fuels used in the production. In order to 

present a more representative result for the whole Stockholm region, the evaluated case study 

was recalculated with district heating supplied by Fortum. Fortum is the main distributor in 

Stockholm and the district heating mix from their production has a significantly higher 

emission factor, as a result of a lower ratio of renewable fuels used in the production. The 

recalculated results for the base model and the four cases are depicted in Figure 25.  
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Figure 25 Total CO2eq emissions from the base model and cases 1-4, considering district heating supplied by 

Fortum. 

The changed results obtained when considering the district heating mix from Fortum instead 

of Vattenfall was expected. The bus depot’s environmental impact increases with the new 

emission factor and the increased contribution comes from the delivered heat entirely.  

By observing Figure 23 and Figure 25 and more detailed data presented in Appendix 6, it can 

be concluded that the relative CO2eq reduction in case 1 and 2 is lower compared to the base 

model. As the CO2eq reduction from these cases were caused by a lowered environmental 

impact from the production phase and not due to a saving in heat, the reduction will remain 

unchanged as it will not be affected by the new district heating mix. Instead, as the total 

emissions are increasing, the measures implemented in these cases will obtain a lowered 

significance and hence, the relative reduction will be lowered.   

In case 3 the changed emission factor generated in an increased relative emission reduction. 

With the lower emission factor from Vattenfall it could be concluded that it was more 

beneficial to reduce the thickness of the EPS-graphite insulation. However, as the emission 

factor was increased the conclusion could be made that it was now more beneficial to use a 

thicker insulation to improve the performance of the building, see Appendix 6. Hence, it could 

be concluded that the question concerning whether it is more beneficial to optimise the usage 

of material or improving the energy performance with the insulation measure in case 3, is 

highly dependent on the used emission factors. By using the thicker insulation, the total 

emissions from case 3 could be reduced from 1 to 2 percent when considering the new 

emission factor.   

As can be seen in Figure 25 and Figure 26, the environmental impact from case 4 will be 

reduced significantly when considering the new district heating mix and based on this; the 

construction of an indoor parking place is actually beneficial. Instead of generating in an 
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increased environmental impact by 9 percent the emissions can now be reduced by up to 25 

percent. This is directly correlated to the increased environmental impact that the heating has 

obtained in relation to the total emissions, as measures focusing on reducing the usage of heat 

becomes more valued.  

 

Figure 26 Total CO2eq emissions from the base model and case 4, considering district heating supplied by 

Vattenfall and Fortum respectively. 

As discussed earlier in this section, the possible reduction in CO2eq and the attractiveness of 

the various saving measures are highly related to the chosen energy mix. If the emission 

factor for the energy is higher than the material for instance, it could be more beneficial to 

improve the energy performance of the depot rather than optimising the amount of material.  

To summarise the results from this part of the sensitivity analysis, the most beneficial measure 

to implement is the indoor parking in case 4, if considering district heating supplied by 

Fortum. In this case a total CO2eq reduction of 25 percent can be achieved.   

To illustrate the importance of considering a certain energy mix, the two extreme cases 

depicted in Figure 27, were created. The obtained result in the figure presents the highest and 

lowest emissions of the same base model. The lowest possible emission are obtained by using 

district heating from Vattenfall and a Swedish electricity mix, and the highest emission is 

obtained by using district heating from Fortum and a European electricity mix. As it can be 

observed, the environmental impact from the highest emission is almost five times higher 

compared to the lowest, which corresponds to a difference of approximately 36 000 tonnes of 

CO2eq. 
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Figure 27 Total CO2eq emissions from the base model, considering the highest and lowest emissions factors. 

 Increased heating demand for the buses  4.2

The third parameter analysed in this sensitivity analysis involved a case where the required 

heating demand for the buses were increased from 10 kW to 30 kW. By considering this 

increased heating demand in the base model and case 4, the results depicted in Figure 28 were 

obtained. In the two left bars 10 kW was considered for the buses and in the two right bars 

30 kW was used. The reason for only presenting the changed result for case 4 is because it 

represents the only measure that focuses on reducing the usage of heat from the buses. 

Furthermore, the parameters for the energy mixes are maintained as the Nordic electricity mix 

and district heating from Vattenfall.  
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Figure 28 Total CO2eq emissions from the base model and case 4, considering 10 and 30 kW for the heating of 

the buses.  

Considering the increased heating demand, the results obtained in Figure 28 were anticipated. 

When it comes to case 4, no changes occur in the total emissions when changing the heating 

demand, since the heating of the buses is removed in this case. Consequently, it is only the 

base model that is affected by the increased demand as the environmental impact caused by 

the heating of the buses is three times higher in this case. From the figure it can be concluded 

that case 4 constitutes a beneficial measure when considering the increased demand of 30 kW 

per bus. Case 4 generates in a total emission reduction of approximately 21 percent which 

correspond to a reduction of around 4 600 tonnes of CO2eq during the lifetime of the depot.  

Moreover, if considering the depot from a larger perspective and using the district heating mix 

that has a higher emission factor, the emissions would be further reduced for case 4. As a 

result, case 4 would represent an even more advantageous alternative from an environmental 

point of view, see Appendix 6.    
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5 Discussion 

Assumptions and simplifications were necessary in order to create the base model and 

implement the measures, and it should be considered that not all data could be managed due 

to uncertainties or lack of data. The lack of data in combination with difficulties in tracing the 

errors generated in the process, along with the fact that data was collected from different 

sources, will lead to uncertainties embedded in the final results. Furthermore, the study was 

performed from a steady state perspective, which implies that practically no changes will 

occur during the lifetime of the depot. For instance, the changes in activities within the depot 

and the composition of the delivered energy mixes are assumed to be constant. As this is not a 

realistic assumption, this will also generate in uncertainties in the final result.  Moreover, a 

large amount of the environmental data processed in the analysis is based on a life cycle 

perspective. But as the analysis itself only considers the production and operation of the 

studied depot whilst disregarding the demolition phase, the life cycle perspective is not 

consistent throughout the study.  

One thing that is important to emphasise when it comes to this work is that the choice of 

studied depot is not the most essential aspect. Instead, the main focus was placed on creating 

the various saving measures and comparing these in relation to the base model and each other, 

to come up with the most beneficial solution. Consequently, the analysis could have been 

based on any depot within the Stockholm area.  

Moreover, as the studied depot is located in Gustavsberg and some parameters chosen in the 

modelling process were adjusted to correspond to this location, the generated results are not 

applicable for all bus depots within the region. One essential assumption made in the creation 

of the base model concerns the district heating mix. By assuming that the district heating is 

supplied by Vattenfall, which is the case in Gustavsberg, the obtained results are restricted to 

this area. Hence, if considering this analysis in the planning stage of another depot within the 

region, it would be more appropriate to consider Fortum’s district heating mix, since they 

account for a larger scale of the district heating deliveries within Stockholm compared to 

Vattenfall.   

In conclusion, the choice of energy mix is depending on the perspective and system approach 

considered in each specific study. It has been established that the chosen parameters have a 

great impact on the final results and it is important to notice that the energy mixes used in this 

work are not representative for all conditions. The used parameters were merely chosen as 

average values in order to create a representative model and extremely high and low 

emissions factors were not considered.     

Another aspect that is important to highlight is the future prospect of the energy system in 

Sweden and how changes in the system will affect the bus depot’s environmental impact. 

Considering the fact that the energy production in Sweden is aiming towards increasing the 

amount of renewables in the production, the energy will have a lower environmental impact in 

the future. Hence, implementing saving measures that focus on material optimisation will 

result in a higher CO2eq reduction compared to measures focusing of improving the energy 

performance. Even though the used energy will obtain less importance when it comes to 
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climate evaluations, it still comprises an essential factor and the ambition should always be to 

reduce the usage of energy. 

The construction of new residential and office buildings are standardised with requirements 

concerning energy and overall performance. However, when it comes to the construction of 

buildings such as depots, issues arise in the classification of type of building. As the facility 

cannot be classified as an office building or an industrial building, due to the mixed variety of 

functions on the site, no specific building regulations can be refereed to. Furthermore, if 

considering Skanska’s Color Palette it is only possible to grade certain buildings within the 

depot. Furthermore, as the tool is based on BBR and the operational energy on the site is not 

considered, a lot of the environmental impact is neglected in the process. The operational 

energy within the depot can for instance consists of the energy used to heat the buses on the 

ramps and by considering the Color Palette, a significant amount of the energy used on the 

site is ignored. As a result, the Color Palette is not suited for grading this type of facilities. 

Issues also arise when it comes to the evaluation of the environmental impact and climate 

performance of the depot, since this type of evaluation is not as standardised as an energy 

analysis. Consequently, as there is no existing key figure that defines a reasonable amount of 

emissions generated during the lifetime of a depot, it becomes difficult to estimate whether a 

project is satisfactory from a climate perspective or not. 
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6 Conclusions 

To summarise this work, constructing a more environmentally friendly bus depot with a lower 

overall emission can be achieved in different ways. For instance considering the production 

phase of the depot, the largest emission reduction can be accomplished by reducing or 

modifying the amount of concrete on the site. There is a possibility to replace the other built 

in materials on the site as well, but this emission reduction is insignificant. Moreover, when it 

comes to the energy saving measures during the operational phase it is highly dependent on 

the type of parking used within the depot, and the largest CO2eq reduction can be made by 

constructing an indoor parking place for the buses.  

As the construction of new depots is mainly designed by the requirements and initiatives set 

by the client, it is essential to create a closer collaboration between the concerned parties in 

the planning stage of a new project. By achieving an open discussion and inform the client 

about the environmental aspect of the construction at an early stage in the project, it is 

believed that the most beneficial results can be achieved for all parties.   

When it comes to suggestions for future work there are several aspects that could be evaluated 

more thoroughly. First of all, as there are currently no key figures when it comes to evaluating 

the climate performance of these type of constructions it would be interesting to conduct 

further studies on similar depots in order to obtain comparable figures regarding the emissions 

of CO2eq. Based on such studies it would be possible to obtain typical default values, which 

could be used as a basis for further evaluations. The current key figures concerning the energy 

performance of buildings are often expressed in terms of energy use per heated area, but when 

it comes to environmental analysis it would probably be more desirable to express the impact 

by some other means that is easier to relate to. An example of such a key figure could be to 

evaluate the environmental impact in terms of tonnes of CO2eq per served bus within the 

depot. Consequently, by relating the emissions to the capacity of the depot, it becomes easier 

for all parties to relate to the environmental impact as it represents a more comprehensive 

figure. 

Furthermore, it would be interesting to conduct the same study from a dynamic perspective 

where the future needs of the depot will be taken into consideration along with the estimated 

development of the energy system within Sweden. This type of study would highlight 

questions such as; how will the environmental impact of bus depots change when more 

renewable fuels are used both in the buses and in the energy production, and where can the 

largest savings be made if considering this perspective?    

Additionally, it would be interesting to take the economical aspect into consideration when 

evaluating the different saving measures implemented in this work. 
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Appendix 1 

The fuel composition of the district heating mixes for Vattenfall and Fortum are presented in 

Table  1 and Table  2 respectively.  

Table  1 Fuel composition of Vattenfall’s district heating mix in Gustavsberg 2013 and related emission factors.   

Fuel composition Vattenfall 

Fuel GWh 
Allocation 

(%) 

Emission 

factor 

gCO2eq/kWh 

Heating oil 1, 3-5 0.25 0.3 298.8 

Other fossil fuels 0.9 1.2 277.2 

Waste-/residual gas 12.9 17.5 10.8 

Stem wood chips 41 55.6 10.8 

Wood pellets 5.6 7.6 21.6 

Bio oil 6.8 9.2 65.16 

Flue gas condensation 2.2 3.0 
 

Auxiliary electricity 4.1 5.6 90 

Total thermal fuel 73.8 
  

Table  2 Fuel composition of Fortum’s district heating mix in Stockholm 2013 and related emission factors.   

Fuel composition Fortum 

Fuel GWh 
Allocation 

(%) 

Emission 

factor 

gCO2eq/kWh 

Heating oil 1, 3-5 135.4 1.7 298.8 

Waste 1694.2 21.7 136.8 

Stem wood chips 26.0 0.3 10.8 

Wood pellets 843.5 10.8 21.6 

Bio oil 535.8 6.8 65.16 

Coal 877.6 11.2 410.4 

Forest residue 350.1 4.5 7.2 

Flue gas condensation 657.8 8.4  

Auxiliary electricity 2482.4 31.7 90 

Total thermal fuel 7825.1   
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Appendix 2 

The top five contributors to the emission of CO2eq from the production phase are presented in 

Table  3. Each material group is specified with its specific amount of emission and its 

allocation in the total emission from the production.   

Table  3 The top 5 contributors to the emission of CO2eq from the production phase. 

Top 5 contributors to the emission of CO2eq 

Material Emission CO2eq in tonne Emission CO2eq in % 

Concrete 2838 42% 

Asphalt ground 714 11% 

Reinforcing bars 704 11% 

Mineral wool 345 5% 

Plastic foam 169 3% 

Total amount    4770 72% of all emission 
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Appendix 3 

In this appendix more detailed information concerning the outcome from the simulations in 

IDA ICE are presented for the main building, office building and the base hall. The simulation 

results are obtained directly from IDA ICE and the specified information include; an overview 

of the total delivered energy to the buildings and delivered energy per month, an input data 

report and data specifying the temperatures within the air handling unit.  

Main building  

Delivered Energy Overview 

Table  4 Delivered energy overview for the main building.  

 

Delivered energy  Demand  

kWh  kWh/m2  kW  

 

Lighting, facility  15818  1.7  3.55  

 

Equipment, facility  32981  3.5  7.41  

 

HVAC aux  284598  30.0  42.51  

   Total, Facility electric  333397  35.1     

    
  

   

 

District cooling  69205  7.3  340.0  

 

District heating  712470  75.0  649.7  

   Total, Facility district  781675  82.3     

   Total  1115072  117.5     

    

 

Lighting, tenant  222678  23.5  32.06  

    

 

Equipment, tenant  380548  40.1  47.72  

   Total, Tenant electric  603226  63.5     

in   Grand total  1718298  181.0     
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Monthly Delivered Energy 

 

Figure 1 The monthly delivered energy for the main building (red=AHU heating, blue=AHU cooling, 

turquoise=zone cooling, green=domestic hot water).  

Table  5 The monthly delivered energy for the main building.  

Month  

Facility electric  Facility district  Tenant electric  

Lighting, 

facility  

Equipment, 

facility  

HVAC 

aux  

District 

cooling  

District 

heating  

Lighting, 

tenant  

Equipment, 

tenant  

(kWh)  (kWh)  (kWh)  (kWh)  (kWh)  (kWh)  (kWh)  

1  1343.0  2801.0  23925.0  0.0  128151.0  18912.0  32320.0  

2  1213.0  2530.0  21577.0  0.0  143742.0  17081.0  29192.0  

3  1343.0  2801.0  24006.0  0.0  91197.0  18913.0  32321.0  

4  1301.0  2712.0  23276.0  5.2  69723.0  18305.0  31280.0  

5  1344.0  2802.0  24266.0  5369.0  15629.0  18913.0  32321.0  

6  1300.0  2710.0  23702.0  28725.0  5287.0  18301.0  31277.0  

7  1344.0  2802.0  24446.0  15649.0  6212.0  18915.0  32322.0  

8  1344.0  2802.0  24471.0  17208.0  5992.0  18914.0  32322.0  

9  1301.0  2712.0  23475.0  2248.0  22503.0  18304.0  31279.0  

10  1343.0  2800.0  24189.0  1.1  39062.0  18910.0  32319.0  

11  1299.0  2709.0  23295.0  0.0  74524.0  18299.0  31276.0  

12  1343.0  2800.0  23970.0  0.0  110448.0  18911.0  32319.0  

Total  15818.0  32981.0  284598.0  69205.3  712470.0  222678.0  380548.0  

 

Input data Report 

Table  6 Input data report for the main building.  

Fixed infiltration airflow rate  461.659 l/s  

Building envelope  Area [m2]  U [W/(K m2)]  U*A [W/K]  % of total  

Walls above ground  3333.82  0.22  729.44  13.93  

Walls below ground  849.89  0.17  148.33  2.83  

 Month 1  2  3  4  5  6  7  8  9  10  11  12
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Roof  5080.67  0.15  756.51  14.44  

Floor towards ground  4665.80  0.09  404.89  7.73  

Floor towards amb. air  0.00  0.00  0.00  0.00  

Windows  919.10  1.34  1232.41  23.53  

Doors  461.88  1.26  581.24  11.10  

Thermal bridges  
  

1384.98  26.44  

Total  15311.17  0.34  5237.80  100.00  

 

Windows  
Area 

[m2]  

U Glass [W/(K 

m2)]  

U Frame [W/(K 

m2)]  

U Total [W/(K 

m2)]  

U*A 

[W/K]  

Shading 

factor g  

NE  741.43  1.40  1.40  1.40  1038.00  0.61  

SE  79.83  1.12  1.12  1.12  89.49  0.52  

SW  40.07  0.60  0.60  0.60  24.04  0.34  

NW  57.77  1.40  1.40  1.40  80.88  0.61  

Total  919.10  1.34  1.34  1.34  1232.41  0.59  

 

Air 

handling 

unit  

Pressure head 

supply/exhaust 

[Pa/Pa]  

Fan efficiency 

supply/exhaust [-/-]  

System SFP 

[kW/(m3/s)]  

Heat exchanger temp. 

ratio/min exhaust 

temp. [-/C]  

AHU  540.00/480.00  0.60/0.60  0.90/0.80  0.80/1.00  

AHU Kontor  540.00/480.00  0.60/0.60  0.90/0.80  0.80/1.00  

Air Handling Unit 
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Figure  2 Air handling unit temperatures for the main building.  

Office building  

Delivered Energy Overview 

Table  7 Delivered energy overview for the office building.  

 

Delivered energy  Demand  

kWh  kWh/m2  kW  

 

Lighting, facility  1123  1.2  0.48  

 

Equipment, facility  1480  1.6  0.4  

 

HVAC aux  9469  10.4  3.16  

   Total, Facility electric  12072  13.3     

    
  

   

 

District cooling  9443  10.4  34.93  

 

District heating  56475  62.1  60.03  

   Total, Facility district  65918  72.5     

   Total  77990  85.7     

    

 

Lighting, tenant  15027  16.5  6.43  

    

 

Equipment, tenant  18262  20.1  4.92  

Return air dry-bulb temperature, Deg-C

Supply air dry-bulb temperature, Deg-C

Outside air dry-bulb temperature, Deg-C
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   Total, Tenant electric  33289  36.6     

   Grand total  111279  122.3     

 

Monthly Delivered Energy 

 

Figure 3 The monthly delivered energy for the office building (red=AHU heating, blue=AHU cooling, 

turquoise=zone cooling, green=domestic hot water)  

Table  8 The monthly delivered energy for the office building.  

Month  

Facility electric  Facility district  Tenant electric  

Lighting, 

facility  

Equipment, 

facility  

HVAC 

aux  

District 

cooling  

District 

heating  

Lighting, 

tenant  

Equipment, 

tenant  

(kWh)  (kWh)  (kWh)  (kWh)  (kWh)  (kWh)  (kWh)  

1  95.2  125.6  789.4  0.0  10500.0  1273.0  1549.0  

2  86.4  113.7  716.7  0.0  10992.0  1156.0  1403.0  

3  94.4  125.1  792.4  2.4  6721.0  1263.0  1543.0  

4  94.6  123.2  793.7  22.8  4892.0  1266.0  1520.0  

5  90.2  122.3  766.5  1203.0  688.1  1206.0  1509.0  

6  94.3  123.0  810.4  3683.0  395.4  1262.0  1517.0  

7  98.8  127.9  844.4  2076.0  401.9  1322.0  1578.0  

8  90.5  122.5  772.1  2020.0  420.5  1211.0  1512.0  

9  94.8  123.3  801.3  434.8  1587.0  1269.0  1521.0  

10  94.5  125.1  797.9  1.4  3819.0  1265.0  1544.0  

11  90.1  120.2  757.6  0.0  6681.0  1206.0  1484.0  

12  99.3  128.2  826.5  0.0  9377.0  1328.0  1582.0  

Total  1123.2  1480.1  9468.9  9443.3  56474.9  15027.0  18262.0  

 

Input data Report 
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Table  9 Input data report for the office building.  

 

Fixed infiltration airflow rate  57.870 l/s  

Building envelope  Area [m2]  U [W/(K m2)]  U*A [W/K]  % of total  

Walls above ground  628.16  0.20  127.01  19.47  

Walls below ground  0.00  0.00  0.00  0.00  

Roof  505.23  0.13  64.57  9.90  

Floor towards ground  483.96  0.14  69.38  10.63  

Floor towards amb. air  0.00  0.00  0.00  0.00  

Windows  130.80  1.49  194.47  29.81  

Doors  10.65  2.19  23.37  3.58  

Thermal bridges  
  

173.61  26.61  

Total  1758.81  0.37  652.42  100.00  

 

Windows  
Area 

[m2]  

U Glass [W/(K 

m2)]  

U Frame [W/(K 

m2)]  

U Total [W/(K 

m2)]  

U*A 

[W/K]  

Shading 

factor g  

NE  45.95  1.90  1.50  1.84  84.56  0.68  

SE  25.75  0.75  1.50  0.86  22.26  0.38  

SW  19.09  0.60  1.50  0.73  14.03  0.34  

NW  40.01  1.90  1.50  1.84  73.62  0.68  

Total  130.80  1.48  1.50  1.49  194.47  0.57  

 

Air 

handling 

unit  

Pressure head 

supply/exhaust 

[Pa/Pa]  

Fan efficiency 

supply/exhaust [-/-]  

System SFP 

[kW/(m3/s)]  

Heat exchanger temp. 

ratio/min exhaust 

temp. [-/C]  

AHU  540.00/480.00  0.60/0.60  0.90/0.80  0.80/1.00  

Air Handling Unit 
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Figure  4 Air handling unit temperatures for the office building.  

Base hall 

Delivered Energy Overview 

Table  10 Delivered energy overview for the base hall.  

 

Delivered energy  Demand  

kWh  kWh/m2  kW  

 

HVAC aux  202245  14.8  23.43  

   Total, Facility electric  202245  14.8     

    
  

   

 

District cooling  816  0.1  67.67  

 

District heating  311658  22.8  379.2  

   Total, Facility district  312474  22.9     

   Total  514719  37.7     

    

 

Lighting, tenant  127966  9.4  28.7  

    

 

Equipment, tenant  42665  3.1  9.57  

   Total, Tenant electric  170631  12.5     

   Grand total  685350  50.1     
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Monthly Delivered Energy 

 

Figure 5 The monthly delivered energy for the base hall (red=AHU heating, blue=AHU cooling, turquoise=zone 

cooling, green=domestic hot water).  

Table  11 The monthly delivered energy for the base hall.  

Month  

Facility electric  Facility district  Tenant electric  

HVAC aux  District cooling  District heating  Lighting, tenant  Equipment, tenant  

(kWh)  (kWh)  (kWh)  (kWh)  (kWh)  

1  17108.0  0.0  66982.0  10870.0  3624.0  

2  15494.0  0.0  98308.0  9820.0  3274.0  

3  17115.0  0.0  41386.0  10867.0  3623.0  

4  16573.0  0.0  27103.0  10523.0  3509.0  

5  17214.0  0.0  3.2  10878.0  3627.0  

6  16700.0  816.0  0.0  10502.0  3502.0  

7  17254.0  0.0  0.0  10877.0  3626.0  

8  17249.0  0.0  0.0  10870.0  3624.0  

9  16644.0  0.0  431.1  10511.0  3504.0  

10  17188.0  0.0  1967.0  10863.0  3622.0  

11  16589.0  0.0  24317.0  10521.0  3508.0  

12  17117.0  0.0  51161.0  10864.0  3622.0  

Total  202245.0  816.0  311658.3  127966.0  42665.0  
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Input data Report 

Table  12 Input data report for the base hall.  

 

Fixed infiltration airflow rate 918.372 l/s 

Building envelope Area [m2] U [W/(K m2)] U*A [W/K] % of total 

Walls above ground 2488.26 0.32 807.44 9.70 

Walls below ground 0.00 0.00 0.00 0.00 

Roof 13665.60 0.22 3041.96 36.53 

Floor towards ground 13665.60 0.07 905.02 10.87 

Floor towards amb. air 0.00 0.00 0.00 0.00 

Windows 294.00 1.46 429.24 5.15 

Doors 498.94 0.78 389.42 4.68 

Thermal bridges 
  

2755.10 33.08 

Total 30612.40 0.27 8328.19 100.00 

 

Windows 
Area 

[m2] 

U Glass [W/(K 

m2)] 

U Frame [W/(K 

m2)] 

U Total [W/(K 

m2)] 

U*A 

[W/K] 

Shading 

factor g 

NE 88.20 1.40 2.00 1.46 128.77 0.61 

SE 73.50 1.40 2.00 1.46 107.31 0.61 

SW 58.80 1.40 2.00 1.46 85.85 0.61 

NW 73.50 1.40 2.00 1.46 107.31 0.61 

Total 294.00 1.40 2.00 1.46 429.24 0.61 

 

Air 

handling 

unit 

Pressure head 

supply/exhaust 

[Pa/Pa] 

Fan efficiency 

supply/exhaust [-/-] 

System SFP 

[kW/(m3/s)] 

Heat exchanger temp. 

ratio/min exhaust 

temp. [-/C] 

AHU  540.00/480.00  0.60/0.60  0.90/0.80  0.80/1.00  

Air Handling Unit 
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Figure  6 Air handling unit temperatures for the base hall. 
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Appendix 4 

In Table  13 more detailed figures concerning the environmental impact from the operational 

phase of the depot is depicted.  

Table  13 The environmental impact form the operational phase of the depot. 

Environmental impact of usage of energy in Charlottendal’s bus depot 

 

Energy usage in 

GWh/50 years 
Emission CO2eq in tonne/50 years Emission CO2eq in % 

Main building 86.6 5119.6 55.93 

Office building 5.56 274.7 3.0 

Buses on ramp 119 2975 32.5 

Ground heating 31.4 784.1 8.57 

Total 242.5 9153.4 
 

In Table  14 the total energy use, expressed in kWh per heated area and year, is specified for 

the main and office building, for the ground heating and for the heating of the buses at the 

ramps.  

Table  14 The total energy use for the main- and office building, ground heating and buses, expressed in 

kWh/m2 and year. 

  
Total energy use  

(kWh/m
2
Atemp/year) 

Main building 185 

Office building  120 

Ground heating 520 

Buses at ramps 220 
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Appendix 5 

Table  15 contains more detailed information regarding the change in materials that was 

implemented in conjunction to case 1, where the amount of concrete and asphalt were 

reduced.  

Table  15 Change in the amount of materials used in the construction as a result of the measures in case 1. The 

amount of specified materials is presented for the base model and case 1, with its corresponding change in 

percent. 

Materials 
Base model 

(tonnes CO2eq) 

Case 1 

(tonnes CO2eq) 
Difference in % 

Other materials 1700 1700 - 

Concrete 2800 2400 -15 

Asphalt ground 720 690 -4 

Reinforcing bars 700 600 -14 

Mineral wool 350 360 +3 

Cellular plastic 170 63 -63 

Ironwork 77 78 +1 

Crushed rock 130 131 +0.6 

Sheet metal 6 7 +15 

Brick 28 28 - 

Infill walls - 53 - 

 

The saving measures considered in case 3 are depicted in Table  16 with its corresponding 

reduction in tonnes of CO2eq and percentage.    

Table  16 The emission reduction generated from the measures implemented in case 3, expressed in tonnes of 

CO2eq and percentage. 

Implemented saving 

measure 

CO2eq-reduction in 

tonnes 
Reduction in % Comment 

Windows - Pilkington 

Sun Cool 
93.6 9.6  

Reduction from 

operational phase 

Lower infiltration value 38.8 4.0  
Reduction from 

operational phase 

Insulation EPS-graphite 

150 
12.1 1.2  

Reduction from 

operational phase 

Insulation EPS-graphite 

120 
21.2 2.2  

Reduction from 

production phase 
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In Table  17 the total emission change for each measure compiled in the four cases is 

presented in terms of the amount of changed CO2eq emissions in tonnes and percentage.  

Table  17 The total change in emissions for cases 1-4, expressed in tonnes CO2eq and percentage. 

 

Changed CO2eq 

emissions in tonnes 
Change in % 

Case 1 -580 -3.66 

Case 2 -284 -1.79 

Case 3 -154 -0.97 

Case 4 +1351 +8.53 
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Appendix 6 

In Table  18 the total emission change for each measure is presented when using the district 

heating mix from Fortum.  

Table  18 The total change in emissions for cases 1-4, expressed in tonnes CO2eq and percentage. 

 

Changed CO2eq 

emissions in tonnes 
Change in % 

Case 1 -580 -1.74 

Case 2 -284 -0.85 

Case 3 -676 -2.03 

Case 4 -8163 -24.5 

In Table  19 the emission reduction for each measures considered in case 3 are depicted, when 

considering district heating from Fortum.  

Table  19 The emission reduction generated from the measures implemented in case 3 if considering district 

heating from Fortum. 

Implemented saving 

measure 

CO2eq-reduction in 

tonnes 
Reduction in % Comment 

Windows - Pilkington 

Sun Cool 
438.1 -1.3  

Reduction from 

operational phase 

Lower infiltration value 181.6 -0.55  
Reduction from 

operational phase 

Insulation EPS-graphite 

150 
56.4 -0.17  

Reduction from 

operational phase 

Insulation EPS-graphite 

120 
21.2 -0.064  

Reduction from 

production phase 

 

In Table  20 the total CO2eq emissions are presented for the base model and case 4, when 

considering a heating demand of 10 and 30 kW per bus, and district heating from Vattenfall 

and Fortum respectively.  

Table  20 The changed heating demand when the heating demand of the buses increases. 

District heating – 

Vattenfall (CO2eq 

emissions in tonnes) 

10 kW 30 kW 

Base model Case 4 Base model Case 4 

Material 6695 8953,97 6695 8953,97 

Electricity 4418,80 6096,74 4418,80 6096,74 

Heat 3950,55 1365,13 9900,55 1365,13 

Difference 
 

1351,49 
 

-4598,51 
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District heating – Fortum 

(CO2eq emissions in 

tonnes) 

10 kW 30 kW 

Base model Case 4 Base model Case 4 

Material 6695 8953,974365 6695 8953,974 

Electricity 4418,80 6096,74 4418,80 6096,74 

Heat 18488,59 6388,79 46334,59 6388,79 

Difference 
 

-8162,88433 
 

-36008,9 

 


