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Abstract 

As the COVID-19 pandemic became widespread around the world, the need to be 

able to work from home became clear to help reduce the spread of the virus, while at 

the same time showing that working from home could be successful in the future. 

While working from home can be positive, it also has drawback as reduce social 

interactions, hard to set working boundaries and more. This paper examines the 

viability to introduce a decentralized office space trough environmental sustainability, 

economic sustainability and social sustainability for a reference apartment building 

and an energy renovated one compared to a centralized office space. This study shows 

that working from a decentralized office space will reduce emissions with better 

utilization of the apartment building, saving the companies money and having a 

reasonable payback period for investors, while giving employees better personal 

economic and more free time without compromising on the social sustainability from 

not meeting people and having a hard time to different on working hours and non-

working hours. 

Keywords: Decentralized office space, Flexible workspace, lifecycle analysis, 

lifecycle cost analysis, work from home 
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1 Introduction 

The European Union (EU) acknowledges the dangers from global warming and 

climate change and is acting accordingly. At the United Nations Climate Conference 

(COP21) that took place in December 2015 in Paris, the EU member states were 

among the first countries to submit Intended Nationally Determined Contributions 

(INDCs), aiming to reduce greenhouse gas (GHG) emissions by 40% by 2030 - in 

line with the objective of impeding the increase of global average temperature above 

2 °C, and with an aim to keep it under 1.5 °C. The agreement also includes the need 

to state a peek of emissions and a rapidly decline thereafter. Participating parties agree 

to work together towards these common goals and help each other [1]. Towards that 

direction, the EU developed a framework with targets and policies for its member 

states, aiming towards the reduction of GHG emissions, both by removing them in 

the atmosphere and by reducing the GHG emitted to it. As of September 2020, the 

reduction target of GHG emissions is 55% compared to the 1990 levels. These targets 

are part of the European Union’s plan to become climate neutral by the year 2050 [2]. 

Sweden has a climate target to reach net-zero emissions of greenhouse gases (GHG) 

by 2045 [3]. In practice, that goal mandates the reduction of GHG emissions by 85% 

compared to the emissions of 1990. Furthermore, the Integrated Climate and Energy 

Policy (ICEP) of Sweden requires a reduction of emissions of the transport sector by 

70% until 2030 compared to the emissions of 2010 [4]. The COVID-19 pandemic 

brought a number of challenges to different sectors of economic activity. A common 

thing between the different sectors was the urgent need to adapt to new working 

conditions, where their personnel was required to work entirely from home or in a 

hybrid type of work, divided between home and the office. Due to the pandemic 

restrictions, many employees worked from home for long periods of time. That model 

of work showed potential for expansion in the future, as employees showed increased 

interest in continuing to work in this way in the future, or to have the opportunity for 

a hybrid working schedule, with working days being split between home and their 

offices [5] .Working from home has also become a common offer from employers to 

increase their attractiveness to potential future employees [6]. In addition, projections 

show that post-pandemic, there is an increase in the working tasks that can be 

performed at home [7].  

Working from home has considerable advantages compared to working in the office. 

An important advantage is the time required to commute to and from work, especially 

for those employees who live at a considerable distance from their working premises. 

For those employees, working from home provided them with an opportunity to ease 

the strain on certain parts such as congestion during rush hours and on public 

transportation [8]. Furthermore, reduced need for commuting to and from work, leads 

to a reduction of transportation emissions, and a change of behaviour by people, as 

they minimize the use of their vehicles, even for shorter trips purposes [9].  

Working from home also poses various challenges that is required to overcome to 

improve working environments. Social isolation is a major challenge, as employees 

that work from home lack social interaction with co-workers. Moreover, especially 

for those employees that cannot have dedicated office spaces in their dwelling, there 
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is a need for a designated working space that will allow them to focus on their working 

tasks, while easing their transition from working hours to personal time at home [10]. 

A clear distinction between working hours and personal time has been proven to 

reduce the stress employees have to sustain in its absence [11]. The trend of working 

from home also poses a challenge for companies, as they will face the need for finding 

different solutions fitting their needs and have a clear understanding of the potential 

those solutions have for the viability of their organizations. 

Such a potential solution is the use of decentralized office spaces, which will allow 

employees to perform their working tasks from an office space close to their 

residence. The use of such office spaces also provides companies with an opportunity 

to minimize their needs for office spaces, thus reducing their operational costs. This 

thesis will investigate the prospects for the development of such a decentralized office 

space and examine if it can provide a viable solution for both employees and 

companies. The proposed decentralized office space will be assessed on a lifecycle 

perspective, for its economic, environmental, and social impacts. To gain a better 

understanding on whether such an office space can provide an alternative to 

companies and has a possibility to become a lucrative way of working for employees, 

findings related to the decentralized office space will be compared to those of an 

existing office space of a company. 

1.1 Aim of the research 
The present thesis aims to analyse the prospects for the development of a 

decentralized office space, situated in an existing apartment building in Växjö, 

Sweden. The office space is aimed to be used by the tenants of the building or tenants 

of neighbouring buildings on a leasing basis. Such an office space will provide tenants 

with an opportunity to work at a very close distance from their dwelling, allowing 

them to distinguish between working time and personal time (at home), while still 

giving them the advantages of "working from home" concept and minimized 

commuting time to and from their work. The thesis focuses on the analyses of the 

viability of a decentralized office space from lifecycle perspective, assessing the 

environmental, economic, and social impacts of such an office space. The 

decentralized office space of the case study used will be further compared to an 

existing office space of a company, aiming to identify if the use of decentralized office 

spaces can be a viable solution for companies and their employees. 
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1.2 Research questions 
Considering the aim described in the previous section, the main research questions 

that this thesis attempts to answer are the following: 

1. What is the environmental impact of decentralized office spaces? What is the 

cost-effectiveness of these offices for companies? 

2. What is the impact of decentralized office spaces in the development of social 

relations compared to existing office spaces? How can the design of o 

decentralized office spaces consider the socialization aspect? How will the 

design of a decentralized office tend to the social aspect? 

1.3 Limitations 
The limitations of this study are as following: 

1. The study focuses on the redesigning of a specific type of space into an office 

space. That space has a specific typology and is built before 2010. Therefore, 

the results relate to that specific space and cannot be generalized. 

2. The proposed decentralized office space is compared to an existing office 

space of specific size and capacity. Comparisons with other existing office 

spaces might produce different outcomes. 

3. In the analysis of energy use in the offices, only the use stage is examined to 

determine the efficiency between the buildings. For commuting to and from 

work, only the energy needed for commuting is considered.  
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2 Literature review 

2.1 Home office and renovation 
Covid-19 and the following pandemic showed a big increase in the field of working 

from home. It is projected that this trend will continue after the pandemic is over 

although not in the same widespread way that the pandemic forced upon companies 

and people. A study from 2021 in America showed a projection that around 20% will 

be a part of the full-day work from home which is a significant increase from the 5% 

pre Covid-19. One projection that the study showed was the employees were 

expressing a positive attitude to a sizable pay cut if the option for hybrid weeks (e.g., 

2-3 days at home) where given. Factors that affect the decision to work from home is 

stated as well. The factors: age, education, gender, earnings, and family situation give 

a broad spectrum on how it can be applicable to different parts. There are implications 

that working from home will be showing a rising in correlation with higher educations 

and earnings [7].  

When renovating a space to become an office there are things that needs to be taken 

into the regard. A study that was centred around the users of a renovated library were 

put in focus as for looking at improvements towards different spaces. This came about 

since the needs of the users changes and the spaces are needed to fit these changes. 

To get the knowledge about how the users assessed the space feedback has been given 

from the studied users and put forward some things that is important to acknowledge 

when designing an office space. Some important acknowledgements that where 

needed was that the size could be smaller if the user had a dedicated space. The 

dedicated space where important for the privacy and personality of the spaces. 

Connected with the statement above where a challenge that where reoccurring when 

looking at the redesign where the privacy in both the visual and the acoustic aspect. 

As it was perceived by the users as important to help with distractions that might 

occur [12].  

Reduction of our energy consumption is being more of a demand for the current 

world. This brings a radical overhaul with buildings to help the reduction. Booth 

commercial and private buildings is a point where the reduction can be implied. To 

do this the building needs to undergo a transformation since the existing might not be 

up to today’s standard. The biggest savings for energy is showed to be in updating the 

walls to today’s standards, with this meaning that adding more insulation and making 

the buildings envelope better [13].  

 

2.2 Environmental assessment 
Life cycle assessment (LCA) is used to evaluate the environmental impact of a 

building in all its phases (production, construction, use, and end-of-life), according to 

ISO 14040 standard [14]. LCA as a method can be used at a micro level, to assess the 

environmental impact of a single product or building [14]. In that case, LCA assists 

the decision-making process, especially when various alternatives are under 

consideration. When discussing about a single product, environmental impacts 

occurring in production, operation, and end-of-life phases [14]. In studies where LCA 
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has been used to assess the impact of buildings to the environment, results showed 

that all stages have a significant impact, but it is the operation phase that accounts for 

80% to 85% of the energy use [15]. Therefore, changes towards the direction of 

minimization of energy use deemed necessary, to achieve better results in terms of 

environmental impact. In another study focusing on commercial buildings [15], 

results showed that 40% of the final energy use in those buildings is used for heating 

and cooling purposes. A case study performed on an older apartment building in 

Denmark, where a deep energy renovation was performed on the thermal envelope, 

ventilation system, solar panels to the roof and adding balconies to the apartments. 

Before the deep energy renovation was performed the building had 736 MWh/year in 

energy consumption for heating and domestic hot water and after the renovation was 

performed it was reduced to 502 MWh/year, or a reduction of 31 percent. [16] 

Another research, based on a case study of an office building in Norway, evaluated 

the environmental impact of the building compared to a retrofit scenario, where 

additional insulation and ventilation system replacement occurred. In the study, the 

embodied and operational emissions from both the reference and retrofitted building 

were calculated. Results showed that, in the reference building 76,7 % of emissions 

came from the operational phase. That number was 43%-46% in the retrofitted 

building. Additionally, while the retrofitted building appeared to have higher 

embodied energy, the emissions had a reduction potential that could reach 52%. [17]. 

2.3 Economic assessment 
The international standard for life cycle cost (LCC) states that “Life cycle cost takes 

into account cost or cash flow i.e., relevant cost arising from acquisition through 

operation to disposal.” LCC can be used as a tool to compare products to each other 

or be used to evaluate possible cost saving measures to an existing product [18]. To 

reduce operating costs in a building, the reduction of the energy consumed is an 

important aspect to consider [19]. To assure reduction in the operating costs of a 

building, thus achieving its energy efficient performance, there is a requirement the 

building envelope to have an optimal U-value [20]. Refurbishment of a building by 

upgrading its existing building parts resulted in a decrease of heating demand by 28-

43%, depending on whether an intermediate (beyond the level of a minor 

refurbishment, yet not affecting the structural integrity of the building) or extended 

refurbishment will be executed [21]. In the case of intermediate refurbishment, 

reduction in energy used led to savings of 21k euros. Those savings reached 188k 

euros in the case of extended refurbishment [21]. A case study performed in 

Linköping, Sweden, researched where the optimal energy renovation is in comparison 

to the invested cost to perform the energy renovation. For the case study, an old 

multifamily apartment building was studied with various scenarios was studied. The 

study conducted used the reference case and the most optimal energy renovation that 

was able to be performed as references for the measurement on the most cost-effective 

alternative. The study showed that performing an energy renovation that measures 10 

to 40 percent of the optimal energy savings was cost effective and in the range 59 to 

70 percent compared to the reference building. [22] 

In another study, the cost savings for retrofitted buildings in three different European 

climates, Mediterranean climate, continental climate, and Nordic climate has been 

calculated [23]. The renovations performed in these buildings included renovation of 
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façade, roof, windows and a new heating, ventilation, and air conditioning (HVAC) 

system. Reduction of energy demand due to renovation resulted in reduction of energy 

costs by 70%-77%, and overall reduction of operational costs by 19% [23]. 

Operational costs could be further reduced by installing photovoltaic (PV) panels. 

The installation of PV panels could result in cost savings of 2,6 €/m2/year for 

buildings in Mediterranean climate and 1,6 €/m2/year for buildings in Nordic climate 

[23]. The total cost of performing the deep energy renovation from 2,1 came to 1302 

€/m2 and the tenants saw an increase in rent by 12 €/m2/year where the savings in 

energy price would reduce it to two thirds when the energy price was 93 €/MWh. [16] 

2.4 Energy use in Sweden: Buildings 
The energy use in Swedish buildings is depending on geographical locations where 

the more northern part of Sweden will have a higher consumption due to the harsher 

climate. Since 2010, regulations for buildings stated that the energy use in newly built 

buildings with an area larger than 50 m2 and its efficiency need has a limitation. The 

limitation is put into different climate zones where Sweden has three zones: I, II and 

III. The climate zones give the buildings a different peak in specific energy use in the 

format [kWh/m2 yr] [24], [25]. See table 1: Climate zone peak specific energy use.    

Table 1: Climate zone Peak specific energy use 

Climate zone Peak specific energy use 

[kWh/m2 yr] 

I 150 

II 130 

III 110 

 

As of the year 2017, the Swedish National Board of Housing, Building and Planning 

(Boverket) has given new guidelines where the climate zones are not in use anymore. 

Instead of using the climate zone to decide the specific energy use Boverket 

implemented primary energy factors (PEi). The PEi are decided by the different 

energy carriers and are used as additional multiplication factor for calculations. See 

table 2: Primary energy factors (PEi). Furthermore, together with the PEi Boverket 

have implemented geographical adjustment factor (Fgeo). Fgeo works as a 

multiplication factor that can be used when different criteria are reached. For 

multifamily housing the criteria to be reached are an Atemp of 50 m2 or bigger, where 

the majority are apartments with a living area of 35 m2 and the maximal airflow is 

higher than 0,35 l/s per m2 [26].  

Table 2: Primary energy factors (PEi) 

Energy carrier Primary energy factor 

Electricity 1,6 

District heating 1,0 

District Cooling 1,0 

Biofuel 1,0 

Oil 1,0 

Gas 1,0 
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Boverket made a calculation example in 2018 of a multifamily building that was built 

in 1948 and renovated in the 2000-century. The calculation example showed how the 

regulation and general advice could help determine how during a normal year with 

normal consumption the buildings energy use. The results of the calculation example 

showed an annual kWh usage of 365282 kWh/yr and 169,1 kWh/m2 Atemp, yr. After 

the calculated annual usage Boverket did a normal year correction, where the building 

is put into the correlation of the building’s climate dependency energy use during a 

normal year. By adding into the calculation, PEi for electricity, the district heating 

and the Fgeo for the specific warm up. The calculations showed that the buildings 

energy performance (specific energy use) was 187 kWh/m2, yr and the energy needs 

was 193 kWh/m2, yr [27].      

A study from 2011 where an office building with a total of 3537 m2 located in Gävle 

was researched showed that the office building had approximately 100kWh/m2 yr 

energy use with a U-value of the building of 0.39W/kWh/m2 yr [28]. The building 

researched in the study from 2011 showed that the specific building before 

improvement had a total specific kg CO2eq/m2 yr of 5.9. Where energy took 2.7 kg 

and materials took 3.2 kg which accumulates to 5.9 kg CO2eq/m2 yr [28].  

2.5 Energy use in Sweden: Vehicles  
The Swedish Institute of Transportation (Trafikstyrelsen) predicted in a report 

published in 2020 how the transportation fleet in Sweden would develop until 

2030. The number of cars that are uses petrol or diesel in 2020 is 89% (see 

figure 1).  The share of fossil fuel car is expected to be lower in 2030 with 64% 

of the total fleet. This is because the share of new cars into the fleet will consist 

of more electric and hybrid cars and with the normal lifespan of cars being 17 

years, with most of them using fossil fuels. [29] 

 

Figure 1: Share of fuel for cars in Sweden. 
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The greenhouse gases for the various fuel used in the vehicles are calculated 

over the whole life cycle, from production to use. This method to calculate the 

greenhouse gases are called well-to-wheel and give a picture of the greenhouse 

gases associated with a fuel per energy content without considering in with 

vehicles that uses it. With the greenhouse gases associated with electricity 

being calculated with the Nordic electricity mix, but from 2017 the European 

commission allowed the member states to calculate it with the mix from the 

respective countries with import and export. The greenhouse gases from 

different fuels are considering how much energy is required to travel a 

kilometre for the general vehicle in with fuel category, see table 3. [30] 

Table 3: Greenhouse emissions for a general Swedish car to travel a kilometer 

  
Energy use 
(kWh/km) Greenhouse gases emission (CO2-eqv/km) 

  2011-2019 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Petrol 0,52 172 171 171 171 171 170 169 170 167 

Diesel 0,5 165 158 156 152 146 144 140 138 137 

FAME 100 0,5 89 86 83 70 59 56 58 63 60 

HVO 100 0,5 0 0 28 22 25 20 16 24 37 

E85 0,43 68 62 80 80 78 75 74 75 74 

Gas 0,59 91 103 98 77 66 40 30 27 27 

Electricity 0,15 18,6 19 19 19 19 7 7 7 7 

2.5.1 Travel 

A study from Sweden was looking at a three-week timeframe how travel and time is 

affected by telecommuting. Where the study was looking at three different scenarios:  

1. Working at the office.  

2. Working from home.  

3. working from a telecommuting centre.   

The three scenarios had different travel times where the office was placed further 

away, and the telecommuting centre was closer for the employees. When looking at 

the three different scenarios there was a big difference in travel time for the 

employees. Where scenario 3 had half the time for travel as scenario 1. The report 

shows how the usage of a telecommuting centre can significantly lower the travel 

time for the employees. Together with the significantly lower travel time the study 

also highlighted the means for travel in the context of considerable travel times. As 

for scenario 1 the overwhelming amount of means for travel was either by car or 

public transport. Scenario 2 where not looked at when looking at the means for 

transport and for scenario 3 the majority where either (e-)bike/walk, no car, or 

unidentified. The authors states that no car is equal to public transport, walk or (e-

)bike and undefined was stated to equal any of the means such as: car, public 

transport, (e-)bike/walk. The study showed a significant change in habits when 

regarding travel when comparing all the scenarios. One crucial thing was highlighted 

regarding scenario 2, even if the employee were working from home the travel time 
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by car was quite large but was stated to be thought of as “personal use” because of no 

commuting. An average of the travel time when looking at both the commute and 

personal use showed that scenario 3 had a significantly lower than scenario 1. 

Scenario 3 showed that with additional trips (going home for lunch and back) it still 

had a lower travel time than scenario 1. The study shows that when analysing the 

telecommuting centre and how it impacts the travel, it is important to regard the means 

for travel and how the users are using them [31].     

A study from 2019 Gothenburg were looking at the relationship between telework 

and travel. The author describes it as a complex correlation because of the underlying 

factors. It is described to be a different relationship between telework and travel 

depending on the arrangements for telework and outcomes from travel. The clear 

pictures show that teleworking can be a source of travel reduction, but it heavily 

depends on factors such as: distance, rush hour traffic and means of transport. 

According to the model presented in the study show that full-day teleworkers have a 

lower amount and shorter trips when compared to a person who does not telework. 

The author also states that there is no notable difference in vehicle kilometres travel 

but also states that a person who does not telework is more likely to make trips by 

car. Teleworking shows a correlation with a decreased overall travel and time for 

travel. The study also show that more trips are being done when doing part-day 

telework when comparing to working from home, but shorter trips when comparing 

to office work. The authors also implement that the analysis show that full-day 

teleworkers is more likely to use alternative modes of travel such as: bike or walking. 

Full-day teleworkers show that a lower amount and shorter trips are being made on 

the days of teleworking and alternative transport modes are more likely to be chosen 

when traveling. As full-day teleworking shows the decrease in travel the part-time 

teleworkers are shown to make a significant amount more trips and a bigger distance 

than non-teleworkers. The author concludes that the difference between full-day 

teleworkers and non-teleworkers are in such a big margin that teleworking still leads 

to a decrease in travel [9].   

2.6 Office Requirements 
To design an office space are depending on four major points: 

• What work will be conducted. 

• How the work is organized. 

• What furniture is needed. 

• What other equipment is needed? 

An office needs to consider how the working environment is going to be. As an office 

where phone calls are a crucial part of the work environment the landscape needs to 

be bigger as to not disturb colleagues. The requirements for the office are dependent 

on what type of work will be conducted. Light, sound, air and availability are things 

that affects the planning of an office building where the installations such as windows, 

sound absorbing installations, ventilation, and size of the spaces so wheelchairs fit. 

The layout of the office will be following some normalized measurements see table 

4.  

Table 4: Office requirements 
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Office aspect Requirement Usage 

Room depth 6-8 m Daylight reach 

Window size 10% of floor 

area 

Daylight intake 

Workspace to wall 85-100 cm Leg room under table 

Passages between furniture 70 cm, 80 cm, 

130 cm, 150 cm. 

Accessibility 

measurements: min, 

small, normal, 

expanded. 

Passage 2 people 120 cm Accessibility 

measurements 

Ceiling 2.7 m, 2.4 m, 2.1 

m 

Ceiling height for 

different office rooms. 

Light installations 50 cm, 70 cm Distance between 

installations and ceiling 

 

Apart from the normalized guidelines there needs to be common rooms such as 

meeting rooms, quiet rooms, personal space, storage. What kind of work will be 

conducted decides what is to be included. The office should also give enough space 

for the sanitation services [32], [33].   

When planning for workplaces there are certain measurements provided by the 

Swedish institute for standards (SIS). The applicable measurements are workplace 

desk, there are either small or large workplace and three standards: Normal-, 

heightened- and no accessibility. In the table: Desk measurements the free area is 

stated and is referred to the area where the chair will be placed in relation to the desk 

[34]. See table 5. 

 

Table 5: Desk measurements 

 

Shared workspaces, teleworking or where the work is performed at a place that is not 

the usual office environment with closed cells. It is reported that working from a 

different source is becoming more widespread because of the possibilities that 

laptops, smartphones and tablets bring. As the work is becoming more possible to do 

at a remote place compared to an office this brings different challenges. A study 

conducted on one thousand mixed respondents with work experience, showed that the 

respondent got the feeling that some things that were experienced with a shared 

 Desk size 

[mm] 

Free area [mm] Total area used [mm] 

Length x 

depth 

Normal Heightened No Normal Heightened No 

Small 

Workplace 

1200x600 1100x1200 1300x1300 1200x800 1700x1200 1900x1300 1400x1200 

Large 

Workplace 

1600x800 1100x1200 1300x1300 1200x800 1900x1600 2100x1600 1600x1600 
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workspace where negative such as: distractions, distrust and negative relationships, 

uncooperative behavior from coworkers and decreased supervisor support. The study 

shows that with the shared and remote workplace there where an increase in these 

demands from the workers and no improvement on the workplace friendships. Where 

working from an open plan office were showed to have the highest demand of these. 

An own office was showing the lowest demand and a shared office with one to two 

colleagues was second to the own office [35].   

2.7 Working from home  
Teleworking which has the meaning of both working from home and working from a 

flexible environment. As teleworking has become more widespread there is the 

following advantages and disadvantages. A study made in 2017 was looking into the 

possible advantages and disadvantages that could come with teleworking. The study 

implied that the individual trait was very important to decide whether teleworking 

was advantageous or disadvantageous. Some traits were implying that the individual 

where more successful for teleworking where the following traits was common: Self-

motivation, high knowledge about the work and performance, comfortable with 

solitude, trustworthiness, good communication and concentration. These traits are 

very good for the individual to telework without making it harder on them. The 

authors also reviewed and summarised other studies statements of the advantages and 

disadvantages [36]. See table 6.  

Table 6: Advantages and Disadvantages 

Advantages Disadvantages 

Balance of home and work life Blurred boundaries between work/home 

time (overwork) 

Flexibility, autonomy Presenteeism (working while sick) 

Reduced commuting time Social isolation 

Increase in productivity Lacking support, lacking equipment 

Increase in morale and satisfaction Career progression or promotions 

Avoidance of policies Colleagues’ resentment 

 

As the table: Advantages and Disadvantages shows there are some very clear 

advantages and disadvantages, examples given is the reduced commuting time as an 

advantage not just for the employee but also for the environment. Despite the 

advantages we can also see negative impacts such as social isolation which has been 

reported in workplaces with teleworking. The lack of social interaction can be shown 

in as the employees might become depressed when they are not socializing. Health 

issues that have been stated with teleworking can be grouped into four categories [36]. 

See table 7.  

 

Table 7: Health issues 

Musculoskeletal 

Isolation and depression 
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Stress and overwork 

Other 

 

These four categories are described in detail and how they affect the individual where 

the four categories stem from the different aspect of teleworking such as, long hours 

in front of the computer, lack of colleagues to take “social/health breaks”, harder to 

establish work relationships, inability to distinguish the work hours from home hours. 

While these are some of the disadvantages the study goes into the benefits from 

teleworking as well. Some of the advantages and benefits employees have been 

reporting is the reduction in commuting, less noise/concentration, fewer interruptions 

of the workflow. As the authors states both negative and positive effects they state 

the individual personality plays a big role in how the employee will manage 

teleworking. The negative effects are there but they also state the positives that 

teleworking brings outweigh the negatives, as many of the persons opting for 

teleworking possibilities gets the trade off to choose where they can work and not 

limit it to an office. Employees are also showing intention to choose teleworking 

solutions since it shows an improvement in their social life while making the work 

constraints easier. As the employees start different stages of their life teleworking 

shows an impact on how it can help match the current situation such as starting a 

family [36].    

During the first phase of the COVID-19 pandemic and the regulations following it. A 

vast majority reported that their work was possible to do from home. The vast 

majority together with the governmental regulations adopted the choice to work from 

home or was directed by their employer. Where the respondents showed that younger 

people and women were more likely to work from home [8]. The COVID-19 

pandemic made it apparent that together with the governmental regulations working 

from home became more necessary in the work environment to help prevent the 

spread. Regardless of the rise in opportunities that the COVID-19 pandemic brought, 

there was still a rising trend in telecommuting before the pandemic. A study from 

2015 showed the rising trend of telecommuting and how it affected the workers, as 

workers started to work from home in a broader span the strategy could potentially 

have an impact by lowering the traffic and have an improvement on the employee’s 

work- and family balance, by expecting a reduced amount of time for travel for the 

individual. The reduced amount of travel gives the individual more home hours which 

can help the balance of work and home hours. Telecommuting shows a diminish in 

travel time, but it also does not need to lead to a different travel behaviour. As the 

people who telecommute still have different aspects that might need travel time such 

as pick-up/ drop-off [37].  
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3 Method 

The research presented in this thesis begun with a literature review on previous 

studies related to environmental and economic assessment of buildings, energy 

use in building and transportation, design requirements for office spaces, and 

work from distance patterns. The literature review provided useful insights for 

the topic this thesis examined and contributed to the formulation of the two 

research questions. The attempt to answer these questions was supported using 

a mixed-method approach, combining quantitative and qualitative research. 

This approach, focused on numerical calculations based on simulations 

applied to a study case, interviews and examination of primary and secondary 

data sources. Additionally, a design proposal for a decentralized office space 

has been developed based on insights from previous related studies, and 

national standards. All the above are described in greater detail in the 

following sub-sections. 

3.1 Design proposal 
The work area required in an office is depending on what kind of work will be 

conducted in the office, which for a decentralized office space where people 

from different companies can work from, will be undefined in the beginning 

and can change with the people working there.  

While there is no way to reduce these uncertainties on what kind of work will 

be conducted in a decentralized office space, there is ways to reduce the sound 

level and the stress associated with working in an open office space trough 

silent rooms and sound absorbing materials for the sound and a well-designed 

office space for the stress associated with people “looking over the back” while 

working through screening.  

The study includes a proposal on how a decentralized office space can be 

designed to fit the need of workers. This design included the necessary 

elements for an office such as working areas, multiple toilets, a kitchen, and 

table. Including small rooms available with soundproofing for meetings and 

phone calls. 

All other requirement for the office space will follow the Swedish institute of 

standards (SIS).  

3.2 Selection of buildings 
The selection of building had the requirement to be built before the year 2010 

when stricter requirements regarding energy consumption were introduced.  

3.2.1 Apartment building 

The apartment building selected in this study was built in 1963 and it includes 

4773,48 m2 of heated area. The building was simulated to have a yearly energy 

use of 172,50 kWh/m2. The apartment building has a space that is under-utilized, 
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with a size of 142,2045 m2. That space was deemed fit to be redesigned to an 

office space. As the reference building needs a renovation, certain renovation 

proposals have been made and re-simulated to assume the improved yearly 

energy use. The improved building components have been improved to try and 

reach Boverkets set goals for building parts in (Boverkets byggregler (2011:6) 

– Föreskrifter och allmäna råd, BBR) chapter 9.92 [20]. See (appendix 1-2) for 

the improved building components and original building components. The 

improvements to the wall were assumed to be fit to Isovers wooden rule wall with 

brick façade YT 52:2 [38]. The other elements that where improved have been 

assumed to have added insulation to reach the set goal of u-value. The windows and 

doors have been put to be the existing ones in VIP-Energy and are deemed reasonable 

when regarding booth the old and improved buildings U-value. The leakage factor 

has been made with an average of the VIP-Energy normalized values [39].    

When proceeding with the building measurements will be rounded to whole numbers 

without decimals to simplify. These assumptions were made because of the original 

measurements were taken from blueprints from 1963 with no measure stock. The 

assumptions made are reasonable since no major difference will be apparent. 

Assumptions were made for the type of heating supply for the building and office and 

was set to the default district heating when simulating in VIP-Energy. 

The building is in the south of Sweden in Växjö and need an energy renovation 

to lower the energy consumption. The building is located near the inner city of 

Växjö and is built in an area together with nine other buildings built at the same time 

in various sizes, with an accumulate of 431 apartments (see picture 1). The reference 

object used in this study is a multifamily house built in 1963 with a total of six floors 

including the basement (above ground). Total height of the building is 16 meters with 

a total floor area of 4773,48 m2 which equals to 795,58 m2/floor. Orientation of the 

reference building is the longer sides with more windows are facing the west and east 

while the shorter sides are facing north and south. The specific data of the building’s 

walls, floor, foundation, ceiling, and roof is given in appendix 1-2. The energy 

calculations were simulated with the program VIP-energy and was simulated to a 

yearly energy use of 172,50 kWh/m2 where the heating system where the major 

contributor. In the studied building a local is located on the basement floor with 

142,2045 m2 area, which will serve as reference when referring to the office space 

(other spaces in with the same area can be used). The referenced local is an old pre-

school space which can be separated into five segments [A-E]. The segments area 

and possible usage will be shown in table 8. 
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Table 8: Segments 

Segment Area [m2] Usage 

A 65,3457 Office spaces 

B 22,9593 Meeting rooms 

C 18,54 Break room 

D 16,3995 Common room 

E 18,96 WC/Entrance 

 

 

 

Picture 1: Location © Lantmäteriet 

3.2.2 Office building 

The office building to be used as a reference building is built in 1971 and are 

in south of Sweden in Ljungby which is located 50 kilometres west of Växjö. 

The office building is part of a larger building that also houses a warehouse 

for spare parts. For this study the warehouse is not included in the calculations 

and the office is handled as a standalone building with 650 m2 area. No data 

were provided or found about the building components thus assumptions has 

been made about the building components. The assumptions made where 

following the U-value of components according to Träguidens statements of 

older buildings wall properties [40]. Energy consumption of the office building 

have been made by simulation in the program VIP-Energy, to give a 
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reasonable simulation assumption have been made to the floor, roof, windows, 

and doors. These assumptions where that the floor was put as a basic concrete 

floor and the roof were put to be the same as the multifamily building 

researched in this study, windows and doors were put to be the standards 

already existing in VIP-Energy. The standard doors and windows are deemed 

to be reasonable according to the building year of the building. For building 

components see (Appendix 3).  

3.3 Primary data 
To be able to evaluate if decentralized offices contribute to social development 

and economic development, data needed to be collected. The primary data 

collected for this study is from interviews and evaluation of the answers. 

3.3.1 Interview 

To gain knowledge about the social sustainability and how employs feel about 

commuting and the time required to travel to and from the centralized office 

interviews were conducted. Five to six people were interviewed with different 

travel distances where two lived close to the office, two lived with a medium 

distance to the office and two people live far away from the office. The 

interviews were performed as a survey that was sent out to the participating 

individuals. Answers from the survey-based interviews were given and stored 

as answers to the questions asked in the survey. The questions asked in the 

survey was semi structured with structure towards a topic but open for the 

individuals participating to answer without any leading on to specific answers. 

3.3.2 Theoretical calculations 

Own theoretical calculations were conducted to calculate the emissions 

associated with working from a centralized office space and a decentralized 

office space where the renovations needed to be able to setup a decentralized 

office space will be included. The emissions associated with travel to and from 

work will be included. 

The energy calculation for the apartment building was conducted before and 

after energy renovations to gain knowledge about how much the energy 

consumption would be lowered and was performed in VIP Energy. For the 

energy renovation measured included in the calculation was improved walls, 

roof, windows, and ventilation system changed to include energy recovery. 

The foundation of the building was left unchanged as the work to improve it 

was deemed a too difficult. The emission associated with the energy use came 

from heating the buildings came from the local district heating plant in Växjö. 

The appliances used for the decentralized office building and the centralized 

office place was calculated individually from the energy required for heating 

the building.  

Energy calculations regarding the consumption of fuel for cars was calculated 

from the Swedish national average consumption for the various fuels. The 
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calculations are based on how much energy was required to travel a kilometre 

with no regard for rush hour traffic.  

The economic calculations for decentralized office space compared to 

centralized office space was conducted to see the financial aspect of this 

concept to see the viability for it to be introduced. The financial aspect for both 

company and employee were researched to see how working from a 

decentralized office space would affect companies economic and the private 

economic for the employees. This will include the investment cost or loan to 

calculate the income needed for reaching a break-even in 12 different 

scenarios.  

Calculations regarding the economic aspect regarding decentralized office 

spaces will also be included to gain understanding of the economic 

possibilities for a transition to decentralized office space as a viable concept. 

The economic aspect for the employs associated with travel will be included 

to be able to see what kind of a difference a decentralized office space will 

have for the private economy for the employees.  

The survey conducted to gain understanding about the social aspects of 

working from home and from an office was conducted for seven people with 

various distance to work. Where the survey categorised people in three different 

categories, people that live near their workplace (0-5 km), people that live a medium 

distance from their work (5-30 km) and people that live far from their workplace 

(30+). The survey included questions such as what would be done with the extra time 

and the positive and negative aspects for working in an office and working from 

home.  

3.4 Secondary data 
Secondary data for the calculations was collected from various sources from their 

respective area. 

3.4.1 Emission data – Electricity 

Data for electricity came from the Swedish Energy Agency for the production in 

Sweden. Where the final energy was gathered to later be calculated into primary 

energy for the calculations. The emission from the Swedish electricity production also 

include export and import as of 2016.  

3.4.2 Emission data – District heating 

Data for calculating the emission regarding heating and heated tap water came from 

the local district heating plant in Växjö. The CO2-eqv emissions where complete and 

was in the unit CO2-eqv/kWh. 

3.4.3 Emission data – Appliances 

Data for the appliance’s energy consumption was gathered from retailers. Energy 

consumptions for laptops and screens was from professional appliances used for 

business purposes, where information about ten of each was gathered to gain a middle 
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value and was use in energy calculations. Appliances needed for kitchen area was 

gathered from retailers with normal energy efficiency and the coffee machine is for 

office use. 

3.4.4 Emission data – Fuels 

Emissions from several various fuels used in Sweden came from Swedish Energy 

Agency which was applied to the calculations to calculate the emissions for travels 

needed to and from work. The calculation for the CO2-eqv emissions included 

extraction, production and use for the various fuels. 

3.4.5 Economic data 

The economic data needed for the calculations came from the electricity price 

medium in Sweden for the first four months of 2022, the cost of heating from a district 

heating plant is calculated for the local plant in Växjö.  

  



 

19(37) 

 

4 Results 

The results will be presented by the relevant figures with coherent text to explain the 

figures content. A more detailed data description, calculations and graphs will be 

present in the appendix while the more relevant data is given in the following chapter. 

4.1 LCA – Offices 
Energy use for heating and cooling per square metre for the refurbished, reference 

and office are presented in figure 2. Where the refurbished building has a yearly 

energy consumption of 155,3 kWh/m2 and the reference have an energy consumption 

of 175,6 kWh/m2. The office building has a lower energy consumption compared to 

both the refurbished and reference, at 112,8 kWh/m2, see figure 2, due to operating 

only during the workday that is 12 hours where the other is operating 24 hours a day.  

 

Figure 2: Energy use per square metre. 

The Life Cycle Analysis (LCA) of the office, the reference building and the improved 

reference building show that there is quite a large gap between the objects when 

looking at the kg CO2-eqv/m2. See Figure 3. The figure shows that the office building 

has a kg CO2-eqv/m2 six times the reference building and the improved reference 

building. While the kg CO2-eqv/m2 is rather small when looking at the reference and 

improved reference building the total emissions differ a bit when looking at the 

buildings. Were the reference and improved reference getting a higher total emission 

than the office building see table 9. 

Table 9: Total emissions offices. [kg CO2-eqv] 

Reference Improved reference Office 

34293,77522 33330,59182 28469,27581 

 

153,3

178,6

112,8

0,0

20,0

40,0

60,0

80,0

100,0

120,0

140,0

160,0

180,0

200,0

Refurbished Reference Office

k
W

h
/m

2
/y

ea
r

Energy consumption



 

20(37) 

 

Table 9: Total emissions offices show an improvement in emissions when looking at 

the reference and the improvement of the reference building, as well as a significant 

difference between the improved reference and office building. The difference when 

looking at the total emission per office and total emission per m2 is a cause of the 

difference between the objects total area see Figure 3. For further calculations 

regarding the LCA for the offices see appendix 4 (A-H). 

 

Figure 3: Emission offices 

4.2 LCC – Offices 
Presented here in the Life Cycle Cost (LCC) will be four payback calculations with 

different interest rates (5%, 3%) spanning a ten-year period. For further calculations 

regarding eight-year and five-year period see appendix 5E – 5H. As the graphs shown 

in the Figures 4 – 5 show there is a difference in where the breakeven point is reached. 

The graphs shown Figure 4 and Figure 5 show an approach where 3% interest would 

lead to a payback time around six years and 5% interest shows a payback time after 

four years. Thus booth 3% and 5% interest brings an earlier time frame to make profit. 

Whilst the 3% and 5% interest have an earlier payback time the cost of the 

calculations (see appendix 5A-5H) where made by looking at the payback time of ten 

years. The interest rate also alters the cost of the rent significantly. The larger interest 

rates (3% - 5%) show that an earlier breakeven point is reached than predicted. As 

these interest rates brings an earlier breakeven point it also shows that the possibility 

to make money from the concept is reached earlier. Noteworthy was the larger interest 

rates correlation with the increase in cost for the office space, thus the larger interest 

needs to have a higher cost of rent to reach the breakeven point see table 9.    
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Figure 4: Breakeven 10yr, 3% interest 

 

 

Figure 5: Breakeven 10yr, 5% interest 
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Table 9: 10yr Period calculation 

Period 10yr 0% intrest 1% intrest 3% intrest 5% intrest 

Total cost (SEK) 1230325,7 1797160,4 3038121,4 4437112,9 

Cost rent (SEK/10 years) 68351,4 99842,2 168784,5 246506,3 

Cost rent (SEK/year) 6835,1 9984,2 16878,5 24650,6 

Cost rent (SEK/month) 569,6 832,0 1406,5 2054,2 

Income needed for 
breakeven at 10 years 
(SEK/month) 

10252,7 14976,3 25317,7 36975,9 

 
Income needed for 
breakeven at 10 years 
(SEK/year) 

123032,6 179716,0 303812,1 443711,3 

 

 
 

In an interview with a company about the cost of operating their office of is 2,2 

million per year. The office is 650 m2 and there is room for 17 people to be able to 

work. This results in a cost of 10882,35 SEK to operate a seat for a month, or around 

an operating cost of 130588,24 SEK to operate a seat for a year. 

4.3 Transport - fuel emission and cost 
Figure 6 show the emission difference between different fuels used. There is a 

significant difference in emissions depending on which fuel used for the transport 

were petrol amounts to the largest emissions while electric transport methods amount 

to the smallest. The emissions in Figure 6 are shown in [kg Co2-eqv / km] and 

noteworthy fuels to bring to light are the largest emission contributors petrol, diesel 

and the smallest contributors vehicle gas and electricity.  

 

Figure 6: Emissions from fuel per km 
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Figure 7: Fuel prices 

The calculations showed that the cost for driving a medium sized car (petrol) with a 

consumption of 0.7L/10km costs around 145SEK per day and accumulates to 

36589SEK during a year when looking at 100km travel per day. If the same car with 

the same consumption used diesel instead the price for the same distance travelled 

would be increased to around 164SEK per day and accumulate to 41583SEK during 

a year.  Calculations made to investigate the cost per km driven can be seen in the 

appendix 6.  

4.4 Interviews – social aspect 
The survey showed that people look positive on having less travel time for work and 

it would have a positive effect on their social life, where the people that are living 

close by to the office think less travel time would not make a big different. With the 

extra free time from not traveling would be used for exercising and spending time 

with family and friends. 

The survey also showed that people find that the negative aspects of working in an 

office is the disturbing noise from other people and one did say that travel time was 

the most negative aspect of working in the office. While one also stated that being 

locked to a specific area because of work was a negative aspect. The survey also 

showed that people do find meeting people as a positive thing as everyone stated it 

was a positive thing. 

When asked about the negative and positive thing about working from home, people 

stated that not seeing people, hard time leaving the apartment, hard to maintain 

routines and hard to distinguish between work and home time was received as 

negative. What they did find positive was the amount of free time from not needing 
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to travel to an office. One also stated that less travel would benefit the personal 

economic and that you are not bound to a specific place of work. 

4.5 Design example 
The design example shown in Figure 8, is an example on how you could reach the 

requirements with a temporary office space from the existing space explained in 

chapter 3.2.1 (and appendix 7). As Figure 8 shows the space have been included two 

WC where one is dimensioned as an accessible toilet. In the first room the there is an 

incorporated room which doubles as a conference room and a break room for lunch 

breaks, above that there is a space for kitchen supplies. In the “main” area there are 

18 desks and 3 soundproof booths for private phone calls or video call meetings. 

Booth the original and design example can be seen and compared in the appendix 7 - 

8.   

 

Figure 8: Design example office 
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5 Discussion 

The report will discuss the previous findings and make a comparison and further input 

towards the subject’s discussion. There are many findings that are worthwhile to bring 

forward in the discussion and to elaborate on. As this report finding are presented it 

is important to take note that similar research might yield different result because of 

the difference in location, building components, electricity emissions and price, fuel 

price and consumption and travel method. While the apartment building researched 

in this study is not present in every city or location the concept of using spaces for 

other things than originally intended could be applicable in many different scenarios. 

The studied building had an unused space in the original building as well as a stand-

alone building on the same circumference that could be used as an office and get the 

same intention as the original concept. The stand-alone building was not studied in 

this report but shows the same potential as the unused space.  

Improvements for the consumption is shown to be minor for the renovation from the 

reference to the refurbished building. While the improvements were minor for the 

building the improvements and building components were old and a renovation could 

expand the life of the building. Since this study did not handle renovation that required 

bigger demolition a better value could possibly be reached by performing an 

improvement on the basement floor. By looking at the energy consumption and the 

minor improvement the renovation might be deemed as unnecessary, an important 

input which is needed to take into consideration is that simulations done in VIP-

Energy showed the U-value of the building components. The simulation showed that 

the reference buildings U-value did not meeting the current values set by Boverket. 

The refurbished building is improved to reach the standards that Boverket set without 

working with major demolition. Thus, a renovation is an attractive approach even 

though the simulation from VIP-Energy only showed a minor improvement. When 

comparing the refurbished building to the office buildings energy consumption we 

can see that the refurbished has a higher energy consumption than the office. The 

higher energy consumption can be shown in the time that the office building and 

refurbished building is operating. These buildings have quite a difference in operating 

time because of what the buildings are used for. The office building is operating on 

the usual 7 - 19-time basis where the office starts its heating one hour before the usual 

work time and end one hour after the workday (when not regarding over time work). 

While the refurbished building is operating on a 24 hour a day basis because of the 

apartments located in the same building where the heating is not turned off. While 

from the energy point of view the office building shows a lower energy consumption 

the emission for the office is quite a bit larger than the refurbished building, when 

looking at the kg CO2-eqv/m2. The higher emissions per m2 is a cause of the different 

operating systems, where the office building has a bigger ventilation need and a 

significantly smaller area than the refurbished building. As the refurbished building 

is not handled as a stand-alone office and is regarded with a bigger area since the 

whole building is needed to be taken into consideration, the significant difference 

would come from the different end-goals for the buildings.  

When looking at the case study from a point where we are using an electric heating 

system it shows a big difference when compared to district heating. Where the 
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emissions for the reference and refurbished building is significantly larger per m2 

when using electric heating. The office building shows a smaller emission when 

compared to the reference and refurbished with the electric heating, it is quite a lot 

larger in emissions when compared to the district heating. If the study would have 

looked at the emissions of the offices when using the electric heating it is as shown 

in Figure 9: Emissions offices:  

 

 

Figure 9: Emission offices: Electric heating 

The economic calculations for the decentralized office space show several different 

incomed needed for a break even under different circumstances. With the scenario 5 

% interest during a break-even period of five years, the rent is 1997 SEK, it is 

significant difference in price from the centralized office space, with it costing the 

company 10882 SEK per month for a seat.  

For the break-even calculations with high interests showed that when calculating the 

10-year period for the 5 % and the 3 % showed that a break-even will occur before 

the calculated one, at year 6 for the 3 % and year 4 for the 5 %. This occurs as the 

interest rate curve is increasing at such a rate that the calculated income needed for 

the 10-year break-even is calculated with all the expenditure included. This occurred 

as well with the 8-year period for the 5 % interest with the same reason, the sharp 

increase in cost for the interest rate.  

For the calculations, district heating is used for the heat source from the local power 

plant in Växjö, if the decentralized office would use electricity for heating the 

operating price would increase from 10697 SEK a year to 27169 SEK a year, with the 

electricity price being 1,15 SEK per kWh. If electricity prices would go up by 50 % 

the operating cost would increase by 112 % to 57808 SEK, and if the electricity price 

would be increased by 100 % from 1,15 SEK to 2,3 SEK the operating cost would 

increase by 270 %, see figure 10.  
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Figure 10: Heating cost for different scenarios for district heating, electricity, and changes in 

electricity prices. 

While the operating cost would increase if electricity would be use for the different 

scenarios, the cost per month will also increase. For the 5 % interest rate the cost of 

rent increased from 1997,1 for the district heating to 2413,8 for the 2,3 SEK per kWh 

electricity heating, or an increase in rent of 416,7 SEK a month, see figure 11. 

 

Figure 11: Price difference for break-even 

The emissions from traveling to and from an office can vary depending on what kind 

of fuel is used and the distanced travel to and from work. While a simplified 

calculations on these two factors can give an estimate on how much emissions and 

cost as associated with the travel is does not account for the total cost of using a car 
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to and from work. With rush hours affecting the emissions and extra expenditures 

affect the true cost.  

As for the emissions associated with travel, it can change greatly depending on what 

kind of fuel is used as seen in figure 1. Changing from petrol, that has the highest 

emission of 960,388 Kg CO2-eqv/year for traveling 100 km per day to an electric car, 

that produce 178,365 Kg CO2-eqv/year would reduce the emissions significant. 

Reducing that further to a distance that does not require a vehicle and with several 

people doing it would both help to reduce the emissions and help to reduce the number 

of cars during rush hours. As the theory suggest an office that would be located in the 

close premises would help to reduce the usage of a vehicle during the workdays. The 

previous studies also showed that an office located closer to the residents living area 

might show an increase in number of trips by vehicle but the accumulate of distance 

would still be lower than for those who would work 100 % in office. It is also 

important to take into regard that while the location of the decentralized office could 

help the impact and the usage of vehicles to work, it might not impact the personal 

use of vehicles for different errands. The previous studies showed that the users who 

worked at home or a teleworking centre were more likely to use their car for personal 

trips. While our study does not take personal use of vehicles into regard it is important 

to note that it is a factor that might impact in further studies.  

From the calculations it shows that the cost of taking the car to and from work with 

100 km a day will cost a person 36588 SEK for a car that uses petrol, while an electric 

car would only cost 2044 SEK for traveling the same distance. As the calculations 

show there is a cost for driving, as the cost calculated for this study is not taking rush 

hour traffic in regard which can have an increase in the running time of the vehicle 

during the same distance. This calculation shows the distance travelled and the 

running time during that distance without interruption. As the previous studies show 

the reduced distance travelled with working from home or from a teleworking centre 

would bring down the cost since the distance travelled is less and thus the running 

time is less. Reducing the distance to almost zero or changing to an electric car would 

mean a great saving for the employee’s personal economy.  

The survey showed interesting results were the majority showed a positive attitude 

towards the possibility of a reduction in travel time. This reduction in travel could 

come with a lot of benefits such as “freer” time for the individual hence they do not 

need to take time out of the day for commuting or private travel to work. The reduced 

time for travel was more applicable to the people who had a longer travel distance 

than those who lived closer to their workplace. Positives from the reduction of travel 

time was that the individual could participate in activities that would benefit them 

more than travel such as training or social gatherings/family time. The reduced travel 

time showed in the survey that it could help the individual with personal economics. 

This brings a perspective about the cost of traveling where the longer distance have a 

higher travel cost. When regarding working from home the travel distance would be 

nullified thus bringing a reduction in travel cost as well. It was shown in the survey 

that travel time was the most negative about working from an office, this can have 

many factors such as stated in the theory rush hour traffic might be one of them which 

can make a trip longer than necessary and bring a big difference in time needed. With 
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working from home, the rush hour traffic or travel time would not be applicable in 

the same meaning thus not bringing an increase in travel time. While travel have a 

big impact on the office – working from home discussion ither parts to be considered 

is as answered in the survey the social interactions that a workplace brings. The survey 

stated that meeting colleagues at the workplace was a positive and it was stated that 

when working from home one of the problems was the lack of social interaction. This 

was brought forward in the theory as well and is a problem for people who would 

work 100 % from home, where the only interaction between colleagues would have 

been performed with digital meetings giving the individual a different approach than 

the traditional workplace social. Other parts that showed interesting results was the 

negative aspect of feeling locked to a specific area because of work which could be 

given a different approach by performing a hybrid week to alter the area where the 

individual work. Working from home had a different approach when answered in the 

survey, the survey stated that “hard time leaving the apartment, hard to maintain 

routines and hard to distinguish between work and home time” where negatives that 

was affecting the individuals. This is in the same line as stated in the theory where 

disadvantages with working from home where “Blurred boundaries between 

work/home time”. While the concept brought forward in this study could show 

benefits and making it easier for the user to make a clearer distinguish between work 

and home time. Working in an office also provides a negative aspect regarding noise. 

This is a sensitive aspect which is hard to take into consideration where a lot of open 

workspaces will experience noise. Thus, the concept has incorporated as shown in 

chapter 4.5 silent rooms and a separate room for conferences that can be used, while 

the noise aspect might still be present in the “main” workspace there is options to 

diminish the impact on the individual when silence is needed.  

As the theory states there are positives and negatives to working from home. Notable 

advantages were the balance of home and work life, reduced commuting time and 

flexibility. As the interviews stated the balance of home and work life could be 

improved by working from home mostly because of the reduction in travel time. The 

reduction in travel time could be shown to be used for the individual’s personal 

wellbeing such as spending time with family and friends or training. This also pushes 

over into the advantage of reduced commuting time where as stated, an office located 

in the very close vicinity is not demanding a big time for travel and none when 

working from home. While there is a lot of positives that can be shown for the social 

aspect of working from home there is also negatives or challenges that is needed to 

be handled and overcome. Some of these that could be harder to approach is: Blurred 

boundaries between work/home time (overwork) and social isolation. While the 

challenge of blurred boundaries is a hard one to approach when talking about an office 

located in the same apartment as the individual, the concept brought forward in this 

report shows potential to make a clear difference between the home and work hours. 

The interviews also stated that the individuals felt that it was hard to leave the 

apartment when working from home and how working from home made it hard to 

maintain the routines and as mentioned the harder time to distinguish from work and 

home hours. The concept also works into the social isolation since the possibility of 

meeting people outside the working environment would be applicable with these 

types of shared workspaces. As a shared workspace would bring social interaction 

while maybe not being colleagues there is another type of networking available. As 
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the social interactions was shown to be a very positive thing for the individuals when 

working from the office and how the lack of this “face-to-face” interactions was a 

negative impact of working from home. The concept approaches the challenge of 

social isolation by putting the shared workspace and the users together.  

While not all individuals have the possibility to spare a room in their dwelling for an 

“home-office” the concept of using buildings “unused” or low used rooms for shared 

workspaces brings the possibility for more people to work with hybrid weeks. As the 

Covid-19 pandemic showed the demand of working from home and the possibilities 

of it working a projection from an American study shows, in the future the projection 

shows that 20% would be working from home or working with hybrid weeks. The 

concept introduced in this report would face the challenge of not having a space were 

a “home office” would fit.  
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6 Conclusions 

The goal of this study is to conclude if decentralized office space is a viable option 

compared to centralized offices by performing a LCA, a LCC and conducting an 

interview to evaluate how the two compares in environmental sustainability, 

economic sustainability, and social sustainability. 

There are a lot of studies going into different parts of a LCA and a LCC for 

residentials buildings and office buildings that cover a wide array of topics. While 

LCA goes into how energy efficient a building is or can be trough ventilation, building 

envelope and embodied emissions from building material. While the result shows that 

an energy renovated building will emit less emissions than the reference building, it 

also shows that working from home will save emissions from travel and the need to 

heat up an office, eliminating two sources of emission. For the economic aspect, it 

shows that running decentralized office spaces can be a viable business to develop, it 

will help reduce costs for companies and give employees less expenditures for other 

things then fuel for traveling to work. The result also shows that people will save time 

for not traveling to work that could be spent for their free time. The result showed 

that people like going to the office for socializing with people, which a decentralized 

office space will help to maintain. While the concept is shown to be viable in theory, 

the result can’t say if people will start do drive less or more, only that people will 

drive less to work. It does not show if people or companies can implement a 

decentralized office space with an open office plan that will be shared between 

different companies, only that socialising is an important aspect for people. Future 

research for decentralized office space would be to research the existing barriers and 

how to overcome them for it and how a decentralized office will affect how 

companies will be affected by using a decentralized office space compared to a 

centralized. 

Decentralized office spaces could be regarded as an environmentally sustainable 

concept, as it is showing a reduction in travel time and travel-based emissions. The 

decentralized office reduces emission by reducing the heating demand as only one 

building would be heated and not two. Renovation of the building leads to reduced 

energy usage and greater utilization of the residential building if unused areas are 

utilized. Performing an energy renovation shows an increase in energy efficiency and 

a reduction in emissions generated during the operating phase of the building.  

The research shows that the payback time and investment with interest fits a 

reasonable window which results in money earned for the decentralized office. As 

travel would diminish this brings less expenditure for the employees presented with 

this as fuel savings. A decentralized office space shows possibility that a company 

can grow their establishment without having the need to expand their current office. 

When compared to the studied centralized office the decentralized presented in this 

study show that companies could save money by renting a workplace in those. 

Performing an energy renovation increases the energy efficiency and thus will reduce 

the operational cost of the office.  
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One conclusion from working in a decentralized office space is that people enjoy 

working in a centralized office space for the socializing aspect, being able to socialize 

with colleges. Working from a decentralized office where one can meet people from 

different companies that also using decentralized office space would offer a different 

way of socializing with people rather than colleagues. Working from a decentralized 

office will give the individuals freer time from reduced traveling time to and from 

work. Working from a decentralized office space will help individuals to maintain 

routine and give a clear distinction between working hours and non-working hours. 

Working in an open office can give the feeling of people overlooking one while 

working and this can be reduced by putting up screens to create room dividers. With 

sound being a disturbing factor, sound absorption is important and having small 

soundproof meeting rooms for online meetings and longer phone calls that will 

require one to not be disturbed of overheard.  
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Appendix 1 - Building components of old building 
                                Old Building   

Wall component Size [mm] U-Value [W/m2K] 

Brick facade 120   

Air 20   

Rules s600 100   

plaster 13   

Total 253 0,291 

     

Basement floor component Size [mm] U-Value [W/m2K] 

Concrete 190   

mineral wool 70   

Total 260 0,449 
     

Fundation component Size [mm] U-Value [W/m2K] 

Concrete 100   

Total 100 4,37 
     

Roof component Size [mm] U-Value [W/m2K] 

Roofing felt 10   

Roofing felt 10   

wood panel 15   

Rules s1200 102   

Rules s1200 50   

Total 187 0,249 
     

Attic floor component Size [mm] U-Value [W/m2K] 

Mineral wool 145   

Concrete 160   

Total 305 0,233 
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Appendix 2 - Building components of improved building 
Improved building 

Wall component  Size [mm] U-Value [W/m2K] 

Brick facade 120   

Air 20   

Mineral wool 80   

Plastic layer 1   

Mineral wool 170   

Plastic layer 1   

Mineral wool 70   

Plaster 13   

Total 475 0,099 
     

Basement floor component Size [mm] U-Value [W/m2K] 

Concrete 190   

mineral wool 70   

Total 260 0,449 
     

Fundation component Size [mm] U-Value [W/m2K] 

Concrete 100   

Total 100 4,37 
     

Roof component Size [mm] U-Value [W/m2K] 

Roofing felt 10   

Roofing felt 10   

wood panel 15   

Rules s1200 102   

Rules s1200 50   

Total 187 0,249 
     

Attic floor component Size [mm] U-Value [W/m2K] 

Mineral wool 270   

Concrete 160   

Total 430 0,129 
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Appendix 3 – Building components of office building 
Office building 

Wall component  
Size 
[mm] 

U-Value [W/m2K] 

Wooden facade 30   

Rules s600 100   

Rules s600 + installations 30   

Plaster 13   

Total 173 0,298 

     

Floor component 
Size 
[mm] 

U-Value [W/m2K] 

Concrete  100   

Cellplastic (insulation) 100   

Total 200 0,333 

     

Roof component 
Size 
[mm] 

U-Value [W/m2K] 

Roofing felt 10   

Roofing felt 10   

wood panel 15   

Rules s1200 102   

Rules s1200 50   

Total 187 0,249 
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Appendix 4 – Energy calculations part 1 
                  
Energy consumtion heating and cooling        
           
           
Refurbished          

Heating 
consumtion 
(kWh) 

Cooling 
consumtion 
(kWh) 

Emissions 
heat (kg 
Co2-eqv) 

Emissions 
cooling 
(kg Co2-
eqv) 

Total 
emissions 
(kg Co2-eqv) 

Area(m2) 
Energy per 
m2 (kg Co2-
eqv/m2) 

Emissions 
per m2 (kg 
Co2-
eqv/m2) 

  

  

  

688966 28538 3254,12421 1341,286 4595,410211 4680 153,3128205 0,98192526   

           
Reference          

Heating 
consumtion 
(kWh) 

Cooling 
consumtion 
(kWh) 

Emissions 
heat (kg 
Co2-eqv) 

Emissions 
cooling 
(kg Co2-
eqv) 

Total 
emissions 
(kg Co2-eqv) 

Area(m2) 
Energy per 
m2 (kg Co2-
eqv/m2) 

Emissions 
per m2 (kg 
Co2-
eqv/m2) 

  

  

  

823410 29013 3889,13011 1363,611 5252,741112 4773 178,592709 1,10051144   

           
Office          

Heating 
consumtion 
(kWh) 

Cooling 
consumtion 
(kWh) 

Emissions 
heat (kg 
Co2-eqv) 

Emissions 
cooling 
(kg Co2-
eqv) 

Total 
emissions 
(kg Co2-eqv) 

Area(m2) 
Energy per 
m2 (kg Co2-
eqv/m2) 

Emissions 
per m2 (kg 
Co2-
eqv/m2) 

  

  

  

53900 19447 254,58048 914,009 1168,58948 650 112,8415385 1,79782997   

                  

Emissions electricity production         
        

final ene. (kWh) losses 
Primary ene. 
(kWh) 

Kg CO2-
ekv/kwh 

Kg 
CO2-
ekv   

1 0,313186 1,47 0,47 0,6909   

        
            

Emissions district 
heating             
          

  
Transport and prod. Of 
fuel (Kg CO2-eqv/kWh) 

Burning (Kg 
CO2-
eqv/kWh) 

Energy share 
for electricity 

Energy 
share for 
heating 

Emissions elec. 
(Kg CO2-
eqv/kWh) 

Emissions heat (Kg 
CO2-eqv/kWh) 

  

    

  0,00611 0,00349 0,508 0,492 0,0048768 0,0047232   

                

  



 

5(17) 

 

Appendix 4 A – Energy calculations part 2 
                  
           
           
  Refurbished appartment        
           

  Heating supply 
(kWh) 

Cooling supply 
(kWh) 

Total energy supply 
(kWh) 

Area 
Heating 
kWh/m2 

Cooling 
kWh/m2 

Energy 
kWh/m2 

  

    

  688966 28538 717504 4680 147,2149573 6,097863248 153,3128   

           
           
           
  Old appartment        
           

  Heating supply 
(kWh) 

Cooling supply 
(kWh) 

Total energy supply 
(kWh) 

Area 
Heating 
kWh/m2 

Cooling 
kWh/m2 

Energy 
kWh/m2 

  

    

  823410 29013 852423 4773 172,514142 6,078566939 178,5927   

           
           
           
  Office building        
           

  Heating supply 
(kWh) 

Cooling supply 
(kWh) 

Total energy supply 
(kWh) 

Area 
Heating 
kWh/m2 

Cooling 
kWh/m2 

Energy 
kWh/m2 

  

    

  53900 19447 73347 650 82,92307692 29,91846154 112,8415   
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Appendix 5 – Cost calculations operational  
Cost DH (SEK/kWh) 0,661 

Heating sup. (kWh) 717504,000 

Cost heating (SEK) 474270,14 

Area (m2) 4680 

Heating (kWh/m2) 101,33977 

Cost (SEK/m2) 66,985591 

Area office (m2) 120 

Heating office (kWh) 12160,773 

Cost Office (SEK) 8038,2709 

El. cost (SEK/year) 14994,302 

Operation cost (SEK/year) 23032,573 
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Appendix 5 A – Cost calculations 0% interest 
Year Income  Expenditure 

1 123032,5731 1023032,573 

2 246065,1463 1046065,146 

3 369097,7194 1069097,719 

4 492130,2925 1092130,293 

5 615162,8657 1115162,866 

6 738195,4388 1138195,439 

7 861228,0119 1161228,012 

8 984260,5851 1184260,585 

9 1107293,158 1207293,158 

10 1230325,731 1230325,731 

     

Year Income  Expenditure 

1 148032,5731 1023032,573 

2 296065,1463 1046065,146 

3 444097,7194 1069097,719 

4 592130,2925 1092130,293 

5 740162,8657 1115162,866 

6 888195,4388 1138195,439 

7 1036228,012 1161228,012 

8 1184260,585 1184260,585 

9 1332293,158 1207293,158 

10 1480325,731 1230325,731 

     

Year Income  Expenditure 

1 223032,5731 1023032,573 

2 446065,1463 1046065,146 

3 669097,7194 1069097,719 

4 892130,2925 1092130,293 

5 1115162,866 1115162,866 

6 1338195,439 1138195,439 

7 1561228,012 1161228,012 

8 1784260,585 1184260,585 

9 2007293,158 1207293,158 

10 2230325,731 1230325,731 
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Appendix 5 B – Break-even graphs 0% interest 
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Appendix 5 C – Cost calculations 1% interest 
Year Income  Expenditure 

1 179716,0398 1033032,6 

2 359432,0796 1076165,1 

3 539148,1194 1129498,7 

4 718864,1591 1193135,3 

5 898580,1989 1267177,9 

6 1078296,239 1351730,6 

7 1258012,279 1446898,6 

8 1437728,318 1552787,9 

9 1617444,358 1669505,7 

10 1797160,398 1797160,4 

     

Year Income  Expenditure 

1 194098,4817 1033032,6 

2 388196,9634 1076165,1 

3 582295,4451 1129498,7 

4 776393,9268 1193135,3 

5 970492,4084 1267177,9 

6 1164590,89 1351730,6 

7 1358689,372 1446898,6 

8 1552787,854 1552787,9 

9 1746886,335 1669505,7 

10 1940984,817 1797160,4 

     

Year Income  Expenditure 

1 253435,5852 1033032,6 

2 506871,1703 1076165,1 

3 760306,7555 1129498,7 

4 1013742,341 1193135,3 

5 1267177,926 1267177,9 

6 1520613,511 1351730,6 

7 1774049,096 1446898,6 

8 2027484,681 1552787,9 

9 2280920,266 1669505,7 

10 2534355,852 1797160,4 
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Appendix 5 D – Break-even graphs 1% interest 
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Appendix 5 E – Cost calculations 3% interest 
Year Income  Expenditure 

1 303812,1 1053032,6 

2 607624,3 1136965,1 

3 911436,4 1252724,7 

4 1215249 1401266,1 

5 1519061 1583572,7 

6 1822873 1800657,6 

7 2126685 2053564,1 

8 2430497 2343366,7 

9 2734309 2671172,5 

10 3038121 3038121,4 

     

Year Income  Expenditure 

1 292920,8 1053032,6 

2 585841,7 1136965,1 

3 878762,5 1252724,7 

4 1171683,4 1401266,1 

5 1464604,2 1583572,7 

6 1757525,0 1800657,6 

7 2050445,9 2053564,1 

8 2343366,7 2343366,7 

9 2636287,6 2671172,5 

10 2929208,4 3038121,4 

     

Year Income  Expenditure 

1 316714,5 1053032,6 

2 633429,1 1136965,1 

3 950143,6 1252724,7 

4 1266858 1401266,1 

5 1583573 1583572,7 

6 1900287 1800657,6 

7 2217002 2053564,1 

8 2533716 2343366,7 

9 2850431 2671172,5 

10 3167145 3038121,4 
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Appendix 5 F – Break-even graphs 3% interest 
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Appendix 5 G – Cost calculations 5% interest 
Year Income  Expenditure 

1 443711,3 1073032,6 

2 887422,6 1198565,1 

3 1331133,9 1379222,7 

4 1774845,2 1617761,5 

5 2218556,4 1917075,7 

6 2662267,7 2280203,9 

7 3105979,0 2710336,9 

8 3549690,3 3210824,9 

9 3993401,6 3785185,7 

10 4437112,9 4437112,9 

     

Year Income  Expenditure 

1 401353,1 1073032,6 

2 802706,2 1198565,1 

3 1204059,3 1379222,7 

4 1605412,5 1617761,5 

5 2006765,6 1917075,7 

6 2408118,7 2280203,9 

7 2809471,8 2710336,9 

8 3210824,9 3210824,9 

9 3612178,0 3785185,7 

10 4013531,1 4437112,9 

     

Year Income  Expenditure 

1 383415,14 1073032,6 

2 766830,27 1198565,1 

3 1150245,4 1379222,7 

4 1533660,5 1617761,5 

5 1917075,7 1917075,7 

6 2300490,8 2280203,9 

7 2683905,9 2710336,9 

8 3067321,1 3210824,9 

9 3450736,2 3785185,7 

10 3834151,4 4437112,9 
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Appendix 5 H – Break-even graphs 5% interest 
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Appendix 6 – Car emission data 
      

Emissions car fuel           

  Kg CO2-ekv/kwh kWh/km 
Kg co2-
ekv/km    

Petrol MK1 0,321 0,52 0,16692    

Diesel MK1 0,273 0,5 0,1365    

FAME 100 0,118 0,5 0,059    

HVO 100 0,073 0,52 0,03796    

E85 0,175 0,43 0,07525    

Vehicle gas 0,045 0,59 0,02655    

Electricity 0,047 0,15 0,00705    
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Appendix 7 – Unused space in multifamily building 
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Appendix 8 – Unused space office example 

 


