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Abstract 

The increasing world energy demand has become the need of achieving energy efficiency and 

sustainable practices a key element in order to ensure the future of the societies. In Sweden, 

buildings accounts for 40% of total energy consumption. Within a sector that consumes almost 

half of the energy in the country it is possible to identify a group of buildings which generally 

presents a higher consumption and bigger problems, the historic and protected buildings. There is 

big room for improvement in the field of achieving sustainability in historic building although most 

of this improvements are constrained by limitations and protections due to their condition. 

Studying this limitations and needs for improvement of these buildings it is possible to come up 

with energy efficient solutions according with the regulations. The aim of this report will be 

achieving sustainability in Swedish historic/protected buildings, while respecting the applicable law 

to ensure that heritage and cultural value is respected, by proposing energy efficiency improvement 

measures that requires a feasible investment with a reasonable pay-back time. 
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1) Introduction 
 

This report aims to achieve sustainability in a Swedish historic building. Historic buildings are not only 

beautiful and impressive antique buildings but also constructions that represent the identity of the society 

and that tell the history of the country where they belong. They sometimes are defined as historic due to 

the methodologies or materials that were used for their construction or to the role they played or they are 

still playing in certain events of the history of the country.  

Besides, the aim of achieving sustainability in such buildings relies on the fact that making them useful is 

the best way to preserve their heritage. When aiming to use them it is important to make them consequent 

to the current requirements of buildings. This means that buildings have to guarantee indoor comfort and 

the most efficient possible energy consumption.  

This report will analyse the causes for these energy requirements for buildings and the Swedish framework 

in which historic buildings are protected in order to come up with energy efficiency measures that ensure 

the preservation of the identity and heritage of historic buildings.  

Along this first chapter, the background, objectives and methodology of this project will be presented. As 

part of the background, sustainable development will be highlighted as an objective to achieve in all the 

measures that will be implemented in the example building used for this project.   

 

i) Background 
 

Our world is exponentially growing in all sectors and aspects of life. In this situation it is possible to find an 

increasing concern about sustainable development understood as the development that meets the necessity 

of the present without compromising the ability of future generations to meet their own needs [1]. This 

report will try to meet sustainable development considering it as a combination of three parameters of 

sustainability in order to achieve the optimization of the three of them at the same time. This parameters 

are the following:  

 Ecological sustainability: preservation of natural resources 

while maintaining human well-being 

 Social sustainability: which states that cultural and heritage 

value should be preserved and respected.  

 Economic sustainability: which supports economically 

feasible and profitable practices while ensuring cultural and ecological 

responsibility. [1] 

 

Figure 1: The three parameters of sustainability [1] 

 These parameters of sustainability will not be considered interchangeable in this report. This means that it 

is not possible to support and achieve ecological sustainability whilst compromising the cultural value or 

incurring in unreasonable costs. Along this report there will be analysed the consequences of achieving the 

three aspects of sustainability above, their advantages and drawbacks and the impact that each of them has 

in the other two.  

 Since in this rapidly growing world it is not possible to forget about sustainability the new key for success 

is to include these practices in the specific objectives and goals of every project.  

The objective of this master’s thesis will be achieving sustainability in Swedish historic/protected buildings, 

while respecting the applicable law to ensure that heritage and cultural value is respected, by proposing 
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energy efficiency improvement measures that requires a feasible investment with a reasonable pay-back 

time. 

First of all, it is necessary to present and understand the reasons why it is important to take into account 

sustainability in every project in general and specifically in this master’s thesis. It will explained why it is 

important to focus on ecological, cultural and economic sustainability while trying to achieve energy 

efficiency in a Swedish historic building. 

 

ii) Objectives of the project  
 

As it was explained in the background, the aim is to achieve sustainability in a Swedish protected building, 

taking into account the constraints imposed by the law, while pretending that sustainable development as a 

combination of the three parameters of sustainability is achieved. Therefore, it is possible to define two 

main objectives for this report: 

a) Maintaining the identity and heritage of the cities  
 

This report will explain the importance of maintaining and taking care of the identity and the heritage of the 

cities by protecting the historic buildings that play a protagonist role in the different aspects of the life of 

the society that inhabits these cities. In order to achieve this objective there will be presented an analysis of 

the Swedish legislation system that protects the historic buildings and then this system will be compared 

with the Spanish legislation system that rules this kind of buildings.  The example building used for this 

report is a building that has witnessed the development of the university and student life of Stockholm, as 

part of the Royal Institute of Technology (KTH).  

b) Ensuring efficient use of historic buildings  
 

The best way to achieve the first objective “Maintaining the identity and heritage of the cities” is by making 

the buildings that represents this identity still useful for the society. This way, the deterioration of them is 

minimised and sometimes avoided. Thus, it is important that the use of this buildings meets the current 

energy requirements for buildings that focus on the importance of improving sustainability in these 

buildings. This report is an analysis of how to find the best measures that improve the energy efficiency and 

reduce the consumption of historic buildings in Sweden, by using the example cited before.  

These two objectives are strongly connected and cannot be considered separately. Besides, this report will 

also aim to achieve these objectives with a feasible and reasonable investment that will reduce the energy 

costs in the future.    
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iii) Methodology and approach  
 

Figure 2 explains the methodology followed for the development of the project going from the more general 

to the more specific issues related to this project. 

 

 

Figure 2: methodology and approach followed for the development of this project  
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2) Contextualization  
 

This chapter will present the current situation of global energy demand as well as specify the role of buildings 

on it. It will also analyse whether there is room for efficiency improvement in the residential sector and 

present a discussion about the differences between new and existing buildings in terms of energy efficiency 

improvement and sustainable development achievement. Finally, since this project is based on historic 

buildings there will be an explanation about what are the main problems that this kind of buildings usually 

have.  

 

i) Global energy demand. 
 

The population growth rate is continuously increasing 

nowadays. Over the last 50 years the population of the 

world have doubled and this obviously affects the global 

energy demand, the energy end uses and the availability of 

energy resources. 

The new challenge is to produce more energy for a larger 

and more affluent population. If this growth tendency 

continues like this the energy supply will have to increase 

by an estimated one third by 2030. It means increasing the 

production of energy in a 33% in 16 years [1]                                                               

                                                                                          Figure 3 Evolution of world population [27] 

In Figure 4 it is possible to see the correlation between the population and the energy consumption growth 

in the past and nowadays. During the first half of the last century there was a linear relation between 

population growth and energy demand. This means that an increment in energy consumption was due to 

an increment in population, more energy for more people. However, since the decade of 1960 the increasing 

demand of energy is not only due to a growing population but also to a bigger energy consumption in 

current societies, each person consumes much more energy now than 70 years ago.  

 

 

 

 

 

 

 

 

Figure 4    Evolution of global energy consumption and world population [28] 
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ii) The importance of promoting energy efficiency and 

sustainable development 
 

As it was seen in figures 3 and 4, the global energy demand is increasing, the population is growing and it is 

necessary to meet the new energy massive consumption livelihoods of our current societies. The earth’s 

energy resources are already under stress, therefore the answer to this challenge is achieving sustainable 

development.   

It can be seen from Figure 5 the share of global energy end uses by sectors and the sources where this 

energy comes from. It can also be observed how the energy comes mostly from fossil fuels. In buildings 

consumption only approximately one third of the energy comes from renewable sources. The price of this 

mayor source of energy is high and volatile. This means that it makes energy importing countries dependent 

and vulnerable compared to strong energy importing countries. This is one of the reasons why sustainable 

development in terms of ecological development is important to ensure the autonomy and independence 

of countries that do not own fossil fuels reserves.  

Renewable energy sources requires higher investment cost but lower maintenance costs especially when 

pay-back time is over. Promoting renewable energy sources allows countries to achieve the ecological and 

economic sustainability of their energy market. 

 

  Figure 5   The global energy system [29] 

Regarding energy efficiency, as it was said before, energy demand growth is bigger than population growth, 

therefore, more energy is increasingly needed but earth’s resources are limited. That is why it is important 

to achieve efficiency in the new processes as well as improve it in already existing processes. If energy 

efficiency is improved it will be possible to meet the same demand with less resources. Consequently, it will 

be possible to meet the necessities of more and more people without necessarily increasing the amount of 

energy consumed.  

To sum up, this project will try to fulfil ecological, cultural and economic requirements in order to achieve 

sustainable development whilst improving sustainability in a Swedish historic building. The reasons why it 

is important to come up with a solution that meets this three conditions are the increasing necessity of more 

efficient energy consumption, the fact that a more efficient use of the building will end up with less costs in 

the long-run, and the interest of preserving the cultural and heritage value of the societies, that will be 

explained more detailed in the following pages.  
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iii) The role of buildings in global energy demand  
 

Buildings energy consumption accounts for 34% in total global energy end use as can be seen from Figure 

4:  

 

 

 

 

 

 

 

 

 

 

Figure 6    Global energy demand shared by sectors [29] 

Moreover, one of the consequences of the increasing population growth that was explained above is the 

fact that most people are moving to urban areas. In 2007 a 50% percent of the world population was living 

in urban areas. The predicted share of world population living in urban areas for the year 2020 is 60%. This 

means that in the next 6 years there will be about 10% more people living in the cities. This obviously will 

result in a bigger share of buildings energy consumption if current policies do not change. Nonetheless, if 

energy efficiency and sustainable development are achieved this will result in a bigger buildings energy 

demand met by a smaller share of energy consumption.                                       

Regarding the amount of population living in urban and rural areas, more than 80% of Swedish population 

is already living in urban areas, whereas Spanish population living in cities is still between 60% and 80%. 

However, it is a big share for both countries and in less than 40 years Spanish and Swedish urban and rural 

population will be equal.  

The fact that there is an important amount of population living in urban areas makes the residential sector 

one of the most attractive sectors in terms of energy efficiency improvements. There is big room for building 

improvements both in Sweden and in Spain. 

 

 

 

                      

 

 

 

 

Figure 7 Evolution of buildings energy demand [29 y 30]                            
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   Figure 8       EU energy demand shared by sector [30]    

 

Figure 7 shows buildings energy consumption in the European Union, USA, Spain and the UK. Figure 8 

shows the European Union final energy consumption in the year 2009 shared by sectors. 

Europe’s energy consumption by buildings accounts of 27% of total energy consumption. In Sweden this 

percentage accounts for 40% in final energy use, where 60% is used in space heating and domestic hot water 

production, which is logical due to long and cold winters.  

It can be seen from figure 7 that although Spain has one of the mildest winters in Europe the energy 

consumption of Spanish buildings is not only bigger than in the rest of Europe but it is also increasing more 

rapidly than in the rest of Europe.  

Obviously, buildings in countries like Sweden and UK have a greater energy demand due to space heating 

requirements mostly. If it is assumed that indoor comfort is achieved both in countries like Sweden or UK 

and Spain, it can be concluded that more energy demand can be met by less energy resources if energy 

efficiency improvement is achieved.  

In conclusion, buildings energy demand represents an important part of the end energy use in the whole 

world, the European Union and more specifically in Sweden and in Spain. In addition to this, it can be seen 

that there is big room for improvement in this sector specially in already existing buildings as it will be 

explained later more detailed.  

 

iv) New buildings and existing buildings  
 

This project has studied why it is important to achieve energy efficiency and sustainable development in the 

residential sector. Nevertheless, it is not the same referring to a new construction building than to an existing 

one that has been operating for many years. These problems and characteristics that these two kind of 

buildings present are different, and these differences have to be taken into account. 

 

a) Characteristics  
 

According to reference 4, one of the main differences between existing and new construction buildings, and 

the one which is object of this report, is that existing buildings are sometimes protected by the applicable 

law of the country where it belongs due to cultural or historical value. They can also be an emblematic 

representation of the city life due to its historical use.  
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Existing culturally valuable buildings are susceptible to losing its value due to the refurbishments and 

renovations that are needed when measures to improve the energy efficiency of the building are going to be 

implemented. 

Old buildings can also have operating systems that are not compatible with current technologies. Therefore, 

if one of this systems is going to be implemented it might requires the replacement of the whole system 

with a new one which can represent an unaffordable investment cost for the owners of the building.  

Another important difference between new construction and already existing buildings is the materials that 

make up the building. The technology in this field is constantly making progress. Regarding buildings, this 

technology mainly affects to the building envelope like insulation, roof materials, façade, glazing, shading 

devices, etc. Some of this aspects can be easily changed if the building is not protected. However, there are 

others like insulation that highly condition the operation of the building and are extremely complicated to 

change both externally and internally.  

In short, the main differences between new construction and existing building are the historical value and 

the technology used in its construction 

 

b) Main problems that come with old buildings 
 

The main problems that old buildings have to face are due to obsolete technologies, the antique of the 

construction and the bad performance of the materials [4],  

 Obsolete technologies: for example, old buildings usually have high consumption lighting systems 

with no daylight or occupancy control, therefore not only they consume much more than current 

low consumption light bulbs but also they waste energy because they are operating when there is 

no need of them. Besides, old HVAC system’s performance and efficiency is lower in already 

existing buildings than in new ones. Indoor comfort temperature and clean air is only achieved in 

some areas of the building or it is achieved everywhere but with an unreasonable energy 

consumption and cost.  

 Antique of the construction: this fact can brings about problems with the foundations and main 

walls that can lead to the collapse of the building. 

 Bad performance of the materials: the main consequences of this problem are low wall insulation, 

high infiltration and great heat gains or losses due to inefficient and low performance glazing. 

Then, if old buildings presents so many problems: what is the point of refurbish and renovate old buildings 

instead of building new ones with all the available new technology?  

 

c) Discussion: why it is important to preserve old buildings?  
 

After all this analysis about the importance of achieving energy efficiency and sustainable development in 

buildings and the fact that it is much more difficult to achieve this in old buildings than in new construction 

ones it may be possible to wonder why it is so important then to preserve old historical buildings instead of 

building new ones.  

These are two different strategies followed by the former Czechoslovakia and France in terms of historic 

buildings preservation management.  

On the one hand, when the former Czechoslovakia overthrew the communist government in 1989 the 

economy of the country was completely sank. The budget for social care, infrastructure and economic 

development was very small. Nevertheless, the Czech government decided to invest millions in the 

restoration of the Obecni Dum (the municipal palace), which is currently an emblematic monument of Prague. 
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It may be surprising due to the economic situation of the country in that moment but the population 

supported the government’s initiative. This palace is considered a national symbol of their independency in 

1918 as well as the representation of the work of the most important Czechs artists of this period. [2] 

On the other hand, France is selling emblematic and historic properties in Paris and other cities that were 

used for public services and moving the people working there to cheaper maintenance buildings. The main 

buyers are estranger firms especially from the United States. 

It is important to highlight the importance of preserving the cultural and historical value of the buildings. 

The cultural and historical value can be manifested in many different ways. It can be due to the architectural 

style, to the fact that it was built by an industrial process already into abeyance, to the antiquity, or to the 

value it represents in the society because of its role in the country’s history. The cultural and historical value 

can be also represented in a whole area of a city, like Gamla Stan in Stockholm. All of the buildings belonging 

to this area might not be culturally interesting but the interest is to preserve the identity of the area. If a very 

modern building is built in the middle of Gamla Stan although any old building is demolish then some of 

the area’s value will be removed. It should also be taken into account that building a new building near an 

old one can damage the old one.   

Besides, historical buildings not only have to be preserved but also they have to be properly conditioned in 

order to allow them continuing taking part of the history of the country where they belong. And here comes 

the important of finding solutions to achieve energy efficiency in historic building. Therefore, historic 

buildings have to be preserved and used because this way the cultural identity of the country will keep alive. 

Nonetheless, to accomplish this it is necessary to find solutions that allows historic buildings to be as 

efficient as the new ones, or at least the maximum possible reachable efficiency.  

As it was explained in the background, it has to be taken into account all parameters of sustainability in 

order to achieve sustainable development. It is not possible to demolish the old buildings because they are 

not efficient or because they present challenging problems. Ecological sustainability should be easily reached 

but by compromising the cultural identity of a country. The real sustainable development is achieved when 

the best possible balance between ecology, cultural identity and investment is reached. However, there are 

some situations in which one of them has to be compromised to promote the other two because in this 

moment they are considered crucial for the situation, like the economy in Czechoslovakia. Along this report 

there will be presented some situations in which it is necessary to decide whether making a huge investment 

or not, whether losing some historical value in order to achieve efficiency or whether not being so efficient 

because historical value is more important.  
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3) Norms and regulations for Swedish historic buildings  
 

Along this chapter there will be presented the regulations that rule the treatment of the historic buildings in 

Sweden, more information related to this can be seen in reference 6. 

First of all, there will be explained the state actors responsible of ensuring and respecting the cultural and 

heritage value of Swedish buildings. These actors are mainly three: the government, the national heritage 

board and the managing authorities. 

To continue with, there will be commented the main Swedish laws for historic buildings which are the 

ordinance (1988:1229), its updated version (2013:558) and the cultural regulation (1988.950). In the former, 

it is possible to distinguish three main categories of buildings, namely historic buildings (statliga 

byggnadsminnen), cultural and historic buildings (kulturhistoriskt vardefulla byggnader) and valuable real 

state (vardefulla fastigheter). 

Finally, there will be exposed the treatment of listed buildings in terms of protection rules and 

responsibilities when a change is needed. 

The following facts can make easier the understanding of the following pages:  

1. There is not a general protection regulation that protects all Swedish historic buildings in the same 

way.  

2. Historic buildings are ruled by security rules that ensure the preservation of the heritage value.  

3. These rules are determined individually for each historic building in order achieve the most 

adequate protection.  

4. These ruled are determined by the national heritage board and the managing authority specifically 

for each building ensuring that its heritage value is respected. 

5. Historic buildings are classified in different categories regarding its value and its treatment under 

the ordinance (1988:1229) and the updated version (2013:558). 

6. Protection rules have to be respected but they can be changed if they is a strong need.  

7. When deciding whether a protection rule can be broken or not the need of change is weighted 

against the potential reduction of the cultural value.  

8. The changes are ruled under the principle “mutatis mutandis”: changing only those things that need 

to be changed.  

9. There is a hierarchical responsibility between the three main state actors that manage the historic 

buildings in Sweden: the government, the national heritage board and the managing authorities.  

10. When applying for a change, there is some overlapping in the decision responsibilities that make 

the process slow and confusing. 

To conclude with this part, there will be a comparison with the Spanish regulation system that rule the 

treatment of historic buildings.  
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i) State actors  
 

As it was said before the state actors responsible for managing the Swedish historic buildings are the 

government, the national heritage board and the managing authorities, there is a hierarchy within the three 

state actors responsible for managing the historic buildings. The government has the most general 

responsibilities for all historic and protected buildings, then the national heritage board has more specific 

responsibilities upon them all. Actually, the board is a division of the government, it belongs to the ministry 

of culture, in charge of the more specific issues and decisions related to the management of this kind of 

buildings. Finally, each historic building is managed by a single managing authority. Thus, each historic 

building is in charge of its managing authority in the lowest responsibility level, in the second and higher 

responsibility level is it in charge of the national heritage board for proposals and decision making regarding 

some issues, and in the highest responsibility level there is the government in charge of the most general 

issues.  

 

Figure 9: The three state actors involved in the management of the historic buildings 

Other stakeholders involved in the managing of historic buildings are the following: provincial museums, 

private consultants, architects, conservators, entrepreneurs, sharecroppers, tenants and the public [2]. 

 

a) The government 
 

The government responsibilities regarding historic buildings are the following:  

 The government makes decisions regarding heritage buildings, protection regulations and valuable 

real state.  

 It can make exemptions from regulations for valuable buildings.  

 The government can propose amendments for changes in historic buildings if the changes affects 

the external aspects of the cultural value ( under article 7 of the ordinance 1988:1229) 

 Adjustments of the rules of protection and enhancement of heritage buildings (under article 10 of 

the ordinance 1988:1229). For instance, if the fact that a building is considered historic induces 

obstructions, disadvantages or unreasonable costs the Swedish government has the power to end 

up with the protection of a building. This means that they can decide that the building stops being 

a historic building.  

The following charts show the two ways that can be applied to make an adjustment in the protection 

regulations:  

Managing 
authority 

National 
Heritage 
Board 

Government
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Figure 10: Two ways for application for adjustment in the security rules   

 

Both the national heritage board and the managing authorities can apply for adjustment in the 

security rules. When the application comes from the national heritage board the application goes 

directly to the government in which the final decision relies. However, when the application comes 

from the managing authority the national heritage board has to give its opinion before the 

government makes a final decision.  

 

 

b) The National Heritage Board (Riksantikvarieämbetet)  
 

The Swedish national heritage board is the agency of the Swedish government that is responsible for heritage 

and historic environment issues. Their mission is to play a proactive and coordinating role in the heritage 

promotion in order to ensure that the historic environment is preserved in the most effective possible 

manner. The Swedish national heritage board works under the ministry of culture. The objectives of the 

board include encouraging:  

 Preservation and protection of the historic environment  

 Respect for the heritages of different groups  

 The assumption of responsibility for one’s own heritage.  

The board works for a sustainable society prioritizing the tasks of empowering heritage as a force in the 

evolution of a democratic and sustainable society. The board has overall responsibility for promoting the 

objectives of Sweden’s heritage policy. Among the board’s activities are various initiatives to protect the 

historic environment [3]  

Along this epigraph there will be explained the main responsibilities of the national heritage board regarding 

the regulations of Swedish historic and protected buildings.  

The national heritage board makes decisions regarding changes in violation of safety regulations and may 

impose its conditions in the decisions. As it was said before, the government has the final 

decision when regarding a change in violation of safety regulations. However, the opinion 

and the conditions of the National Heritage Board are determinant for the continuance of 

the proposed changes.  
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The main responsibilities of the National Heritage Board regarding this issue of historic buildings are the 

following:  

 The board make proposals for new historic buildings and valuable real state (as it was said in the 

beginning of chapter 3) these are two of the three categories of buildings that includes the ordinance 

(1988:1229).  

 They also supervise the management of these two kind of buildings. 

 They keep record of historic buildings (first category), significant buildings that are not listed 

buildings (second category), and significant buildings that are eligible for memory and heritage 

declaration (third category). The board has a list of all these buildings.  

 The board submits proposals for the safety regulations.  

 As well as the government, the board can propose amendments for changes in historic buildings if 

the changes affects the external aspects of the cultural value (under article 7 of the ordinance 

1988:1229). 

 As it is shown in the charts above (adjustment in the protection regulations) the board examines 

the managing authorities’ proposals and gives it opinion related to the proposed changes.  

 The board determines when and whether and intervention is essential. 

 They provide advice on the care of the valuable buildings (third category).  

 It has the power to decide which buildings from the second category can be eligible for the first 

category.  

 Finally, the board make regulations relating to changes of valuable buildings of the second category 

that may be eligible for the first category.  

The role of the National Heritage Board is crucial for ensuring the protection of the heritage value of 

Swedish historic buildings.  

Currently the valuable properties are mainly managed by the managing authority and the national heritage 

board.  

 

 

 

c) Managing authorities  
 

The main managing authorities that are currently responsible of Swedish historic buildings are the following:  

 Fortifications agency  

 The royal Djurgården administration  

 Environmental protection agency  

 The parliament administration  

 The National Heritage Board  

 The Swedish transport administration  

 The maritime administration  

 The national property board  

 The Swedish university of agricultural sciences 

The main responsibilities of the managing authorities are the following:  

 The managing authority can apply for the monument responsible transference. It means, that they 

can propose being responsible of a historic building as well as stop being responsible of a historic 

building. This responsibility transference cannot be made if there is a risk of losing some of the 



Achieving sustainability in Swedish historic buildings  
 

-19- 
 

cultural value of the monument. The managing authority applies for the responsible transference 

to the national heritage board, but if they refuse the application then the government is in charge 

of the decision.  

 As it is shown in the chart of adjustment in the protection regulations, the managing authority can 

submit an application for adjustment in the security rules. However, they do not have the power to 

make any decision regarding this issue.  

 They can make consultations and applications regarding the eligibility of a building for the third 

category of buildings under the ordinance 1988:1229. 

 The managing authority can propose a building from the second category for being eligible for the 

first category. However, the decision making relies on the national heritage board as it was said 

above.  

 

ii) Ordinance (1988:1229) and its uploaded version 

ordinance (2013:558) 
 

These two versions of the law are not contradictory and mainly complement or supplement some issues 

related to the care, maintenance and responsibility assignation of the Swedish historic buildings. Along this 

chapter there will be explained the main articles of this two ordinances that can be seen more detailed in 

reference 6.   

In general terms, these ordinances place the main responsibilities and guidelines for ensuring the cultural 

and heritage preservation of Swedish historic buildings. In all historic buildings activity, alterations that are 

made to a building are done so that the historical, cultural, environmental and artistic value is protected and 

preserved.  

The government declare by the protective normative how a national monument should be cared and 

maintained and in which aspects it cannot be changed. It can also take into account the area that surrounds 

the building, in order to preserve not only the buildings it selves but also the value of the area where they 

are settled. The protective normative must reflects the cultural values that each building has and sets the 

guidelines for the protection of these values. It means that when a particular building is going to be 

protected, the cultural value of this building has to be clearly identified in order to propose the most adequate 

protective rules to ensure that this cultural and historical value is not reduced.  

The protection regulation also has a general nature that may be applicable to all historic buildings. These 

general rules says that the care and maintenance of a historic building must be carried out with traditional 

materials and procedures or with materials and procedures that adapts to the original construction of the 

building so that the cultural and historical value is not reduced.  

As well, the parcels that surround the building must not be changed. The general protection regulation also 

says that the building must not be demolish or changed externally. For historically sensitive parts of the 

building or protected rooms every action is prohibited. If there are particular different reasons for which a 

national monument has to be altered in violation of the protective regulations it requires the exhaustive 

examination of the National Heritage Board.  

Highly culturally valuable estates must be owned by the government and managed by the national property 

board. The national heritage board establish a list of such buildings that may be considered as part of the 

national heritage patrimony, and therefore they must be managed by the property board due to its heritage 

value.  

 The national patrimony originally consists on such buildings that had an important role in the development 

of Swedish history, society etc. For example, royal palaces, royal fortifications, symbols of the different 

administrative bodies (like the parliament) and antique universities. Nowadays not only this kind of historic 
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buildings are protected by the Swedish law but also all the buildings that are considered to have a cultural 

value for the society and the country [2]. 

These ordinances distinguish three main categories of protected buildings and the articles of the ordinance 

are organized in three groups as well so that each group of articles refers to a category of buildings.  

These three categories of buildings and their related articles are the following [6]: 

 

a) Historic buildings (statliga byggnadsminnen)  
 

Article 1: A building that belongs to the state can be declared to be a national monument if it has an 

extremely high cultural value or if it is located in a high culturally valuable area. This can also apply for parks, 

gardens etc.  

Article 2: The decision of a building being included in such category must relies on the government and has 

to be proposed by the national heritage board.  

Article 3: When a building is included in this category, the government through the protective regulations 

has to decide how this building will be cared and maintained and in which aspects it cannot be altered.  

Article 4: This proposal under the article 2 has to be complemented with the opinion the authority managing 

the building.  

Article 5: The national heritage board will keep a list of the buildings belonging to this category.  

Article 6: When there are special and strong reasons the building can be altered in violation of the protective 

regulation.  

Article 7: if the changes affects the external aspect of the building the decision whether these changes can 

be made or not relies on the government. In any other case. The decision relies on the national heritage 

board. However, if the board consider that they cannot make such decision then the board will forward the 

case to the government.  

Article 8: The responsibility of a national monument cannot be transferred to another managing authority 

when there is a risks to reduce its cultural value due to this transference. As it was said before, the decision 

relies on the board but if they do not agree with the responsibility transference then they will forward the 

case to the government.  

Article 10: If the care and maintenance of the national monument carries out obstructions, strong drawbacks 

or unreasonable costs in relation with the importance of preserving the cultural and historical value then the 

government can make adjustment in the protection regulations or even decide that the building is no longer 

a historic building.  

 

b) Cultural and historic buildings (kulturhistoriskt vardefulla 

byggnader) 
 

Article 12: The National Heritage Board, in consultation with the authorities managing the buildings 

establish a list of such buildings owned by the state that are not listed buildings but are still historically 

valuable. The managing authority is responsible for ensuring the necessary basis for assessing whether a 

building should be listed or not. Some buildings in the recent years has been declared for historic buildings 

in the review of the protection regulations.  
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Article 13: as well as the buildings of the first category, the buildings under article 12 only can be modified 

or altered when it is necessary. National heritage board asses the managing authorities for the care and 

maintenance of the buildings belonging to this category.  

Article 14: If the National Heritage Board consider that a building under article 12 can be eligible for the 

first category it has to be indicated in the list. For the measures applied to this buildings that can result in a 

potential reduction of the cultural value the opinion of the national heritage board has to be taken into 

account.  

Article 15: The national heritage board can make regulations about the maintenance of the buildings under 

article 14. The government can waive the compliance of these regulations made by the national heritage 

board.  

 

c) Valuable real state (varderfulla fastigheter)  
 

Article 16: A property owned by the state and which represents an important part of the national culture 

should be managed so that its cultural value does not decrease.  

 

iii) Cultural regulation (1988:950) 
 

This regulation is much more extensive than the ordinances above because it covers all aspects of the culture 

that have to be preserved and respected, not only what refers to the cultural value of the buildings. What is 

related to the topic of this report are some articles from the third chapter of this law [7]: 

Article 4. The application of a building for being a historic protected building (second category of buildings 

according to the ordinance 1988:1229), can be proposed by any particular citizen or by the provincial 

government. The application has to specify who are the owners of the buildings and a detailed description 

of the building.  

Article 5. When this application is submitted the civil government should take prevention measures in order 

to avoid a reduction of the cultural value of the building in case they decide that the building has to be 

declared a protected building. The prohibition can be applied for six months, however these six months can 

be extended if there are exceptional reasons.  

Article 9. The patrimony board and the provincial government can access the building that has just been 

declared a protected building and the area surrounding the building, in order to make the adequate measures 

and investigations to enforce the applicable law.  

Article 10. The owner of the building is entitled to compensation from the government in the following 

cases:  

 The prevention of the demolition of the building and the damage is significant in relation 

to the value of the property. 

 The land use becomes much more difficult in the affected part of the property.  

Article 11.  When the building is designated a protected building, the owner has a period of two months to 

apply for the compensation.  

Regarding modification and cancelation of the protected buildings the regulation here is similar to the 

ordinance explained above:  
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If there are special reasons the provincial government can empower the violation of the protection rules of 

a historic building. The county board can impose its conditions as long as they are reasonable and take into 

account the circumstances that led to the change.  

As well as with the buildings from the first category, if the preservation of a protected building carries out 

restrictions, disadvantages or unreasonable costs, the provincial government can cancel the protection of 

such building. The county board can also cancel the protection of a building when it is considered that it 

has no longer a cultural and historical value. 

As it was explained at the beginning of the epigraph, this regulation is very similar to the ordinances 

explained above but it refers mostly to the management of the buildings belonging to the second category 

(cultural and historic buildings) that have been called  “protected buildings” along these paragraphs. It is 

possible to conclude then that the treatment of the protected buildings is very similar to historic buildings. 

It was predictable owing to the fact that protected buildings can be eligible for historic buildings when they 

have the required qualifications. 

 

iv) Listed buildings  
 

To conclude with this first part about regulations of historic and protected buildings and before going more 

deeply in the explanation of the change requests and permission, there will be showed a small list of historic 

buildings in Sweden and their managing authority: 

Chancellery (1930-1936) in Stockholm.  

Managing authority: parliament administration  

 

 

 

 

 

Figure 11:  image of the Stockholm chancellery [31] 

The unique circular port 

in kungsholmen 

Managing authority: 

Fortifications agency   

 

 

  

 

 

 

Figure 12: image of the 

circular port [32] 
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v) Case process and responsibilities at a change request  
 

Along the following paragraphs there will be explained the processes that have to be followed in order to 

apply for a change in a historic or protected building. This is one of the most important issues related to the 

management of the Swedish historic buildings and which brings about the greatest problems when the 

different parts do not agree in the permission or prohibition of the requested change. Besides, the 

responsibilities at the different stages of the case process are sometimes overlapped and this can make the 

process slower and complicated for the different parts involved especially for those who are more interested 

in the continuance of the requested changes.  

As it was said in the epigraph 3.i.a, the government will decide the new state building memories and the 

regulations for these. The changes in violation of the protective regulations must be carried out so that the 

building’s cultural and heritage value does not decrease. Proposals for these changes must be justified and 

carefully examined. At the state examination, made by the national heritage board, the need of change is 

weighed against the potential reduction of the cultural value that the change can bring. It means that the 

preservation of the cultural value is important but they can consider the possibility of giving more 

importance to other needs such as economic, ecological, security needs etc. The most common changing 

needs are the following:  

 Social requirements 

 Functional requirements  

 Work environment  

 Personal safety  

 Fire danger 

 Availability  

 Function  

 Use 

The government states how building memory must be preserved, the uses and maintenance and in which 

aspects they can be modified. If there is any special reasons from which the national monument has to be 

changed, then the national heritage board determines matters concerning state measures contrary to 

protection regulations. It is the role of the national heritage board to determine these matters concerning 

state measures contrary to protection regulations. As it was explained before, in the national heritage board 

oversight responsibilities it is included to follow the care and maintenance of the buildings and ensure that 

the works are carried out under protection regulations, so that the cultural heritage does not decrease.  

 A permission is required for modifications contrary to protection regulations. Any changes to a listed 

building is therefore permitted as long as the national heritage board and the government consider that the 

need of change is stronger than the importance of preserving the cultural value that will be lost due to this 

change. For maintenance and conservation actions that do not conflict with the protection regulations the 

permission is not required.  

The most common situation when a permission is required are the following:  

 Demolition or relocation 

 Rebuild, extend or otherwise change the exterior 

 Engage in, amend or supplement backbone ( for example structural parts and structures), or other 

building components  

 Change the older plan or subdivision 

 Engage in, amend or supplement fixtures, such as carpentry, doors, windows, mouldings, stairs, 

balustrades, flooring, tile stoves…  
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 Change or build new installations, as electricity and pipe runs or ventilation 

 Change the material or colour type to another material or colour type.  

 Remove, alter, cover or paint any specially designated finishes  

 Change the colour scheme 

 Add external solve supplements that affect the character of the building or architectural whole 

effect, as signs, banners etc. 

 Preserve or maintain protected parts of the building or materials and methods that are not adapted 

to the object’s individuality 

 Construct new buildings or change the existing so that the overall character is changed 

 Modify, delete or place permanent or temporary fixed appliances such as stairs, dams, bridges, 

sculptures, lighting...  

  Change the land, groundcovers, vegetation… 

Protection regulations are usually generally formulated, especially when they are related to the care and 

maintenance. The reason for this is that it is difficult to detail protection regulations that cover everything 

that is relevant and that anticipate the action proposals which may come in the future. The general character 

of the protective regulation is the cause that it is sometimes difficult to determine when maintenance and 

preservation measures are permitted. However, this part will focus more on the changes that are not related 

to care and maintenance.  

In 2010, the national heritage board and the Ministry of culture presented a guidance that explained and 

made easier the preparation of an amendment application. The guidance includes questions related to the 

constitution, supervision, process, the authorization requirements, decisions… The guidance is available for 

everybody and the objective is to keep it constantly updated. It aims to support the management of changes 

by explaining and clarifying the process of licensing processes. It includes questions about the constitution, 

supervision, process, permit requirements, decisions and policy decisions, care maintenance and 

preservation, application form and related information.  

There is also the possibility of managing the changes on historic buildings in an electronic way, taking into 

account three variables that divide the buildings in three different categories:  

 Volume  

 Complexity  

 Current turnaround time 

According to this three variables the buildings are divided in three categories, namely A, B and C, attending 

their difficulty for being automatized.  

Category A: All components can be carried out automatically because there are clear quantitative rules and 

guidelines for how the review should be done and how decisions are made.  

Category B: Contains both simple and complex parts. The simple cases would be prepared and determined 

automatically. The complex requires manual handling.  

Category C: Purely complex cases, it requires full manual handling. The national heritage board believes that 

most cases of historic buildings belongs to this category. Such cases are difficult or even impossible for a 

machine to determine. It requires instead the human experience, flexibility, and ability to interpret, weight 

and asses.  

Now, it will be explained how matters of national historical buildings are managed regarding process and 

application. The national heritage board provides information on how listed buildings are managed.  

1. The case before processing: The added application is registered in an electronic case management 

system whereby assistant or officers put actions and activities relating to the matter. The applicants 

do not have access to the information in the system. All the documents and information is gathered 
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and verified and they contact the applicants via mobile, email or by an arranged meeting with the 

applicants.  

2. Preparation, issue and process management: The processing time varies from one day and rarely 

exceeds three months, which usually depends on the case balances.  

3. Decision making procedures and case categories:  The national heritage board decides under the 

rules of the questions submitted to the government. These decisions include proposals for new 

national historical buildings including accident prevention, reconciliation, review for safety 

regulations, examination of essential interventions and proposals for valuable real state 

consultations. Management of change requests including early consultation constitutes the largest 

case category  

4. Finishing and achieving: The decision is communicated to the applicant by email.  

Most of the complaints about historic buildings is about changes in violation of the protective regulations. 

The following figure shows schematically the stages in an application for modifications of a national 

monument. It also shows which of the three state actors is in charge of each stage and the difference in the 

case process between simple and complex buildings.  

 

Simple processes, only these stages are needed  

 

 

 

Figure 13: Case process and responsibilities at a change request [2] 

These seven steps have to be followed when applying for a change in violation of the protective regulations 

in Swedish historic buildings.  

It can be observed from Figure 13 that there are overlapping responsibilities in the stages two and three, 

which correspond to the complex cases of change request, therefore the process here become confusing 

and slow because it is not clear who has to make the decision to continue with the following steps.  

From this part it can be concluded that when managing a historic or protected building it is necessary to 

respect the protective regulations under the ordinance 1988:1229. However, if there is a strong need, 

changes in violation of the protective regulations can be made. To make this changes there is a process that 

has to be followed which varies from complex to simple buildings. The final decision about the permission 

or the prohibition of the change relies on the National Heritage Board.  

 

 

Need of 
change 

Consult Opinion Aplication Decision 
Control of 
antiquity 

Control 
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National Heritage Board  
National 

Heritage Board  
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vi) Comparison between Swedish regulation and Spanish 

regulation in terms of historic buildings management  
 

As follows, it can be seen a comparison between the Spanish and Swedish system regarding building 

protection, and the most important aspect to consider when carrying out this duty: 

 

Table 1: Comparison between the Swedish and Spanish historic buildings’ protective system 

 Spanish system Swedish system 

 

 

 

 

Type of protection  

It´s general, based on 3 levels with  2 

sublevels each 

There isn´t a general regulation 

protecting a group of buildings 

Each building is governed by the 

guidelines of its level and sublevel 

There is a law which ensure the 

protection of the Heritage by 

classifying the buildings 

according 3 categories. 

 

Level of specification 

The general law and criteria vary 

depending on the level and sublevel of 

protection 

The protection guidelines are 

chosen specifically for each 

different building 

 

Who decides the 

protection 

There is a competent body of each area 

making decisions regarding the 

buildings situated within it. However 

the Government might make or change 

a decision if needed 

This is a duty of The National 

Heritage Board along with the 

managing authority, and it´s 

done specifically for each 

building. 

 

Classification criteria 

Buildings are classified into different 

categories depending on their 

characteristics and value for the country 

The system is similar, being the 

buildings classified according 

their value under the ordinance 

2013:558. 

 

 

 

 

How to make changes 

 

Making a proposal containing the changes, their objective, and the expected 

achievements, and then, the competent body will decide if the action can or 

cannot be carried out 

 

Protection VS changes 

 

Changes will be allowed if the improvements to achieve are considered 

more beneficial than the possible reduction in the value of the building 
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Overlapping There is always some problems and criteria overlapping when applying for 

a permission to make changes, which slows down the process 

 

Responsibility 

Hierarchical: the Government and 

then the competent bodies within 

each area 

Hierarchical: Government, The 

National Heritage Board, and then 

the managing authority 
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4) The example: Nymble Building  
 

 

Figure 14: Image of Nymble building [33] 

The Nymble building is a building located in the district of Norra Djurgården, Stockholm, Sweden. It 

belongs to the KTH (The Royal Institute of Technology) main campus. This building hosts the student 

association of KTH. The uses of this building are wide and diverse, they go from meeting and studying 

rooms to pubs, party rooms and discos. The building has a basement, three floors and some open spaces 

like terraces.  

Nymble building became a protected building in the year 2012 and since then all the regulations explained 

before have to be taken into account when a change in the building in going to be made.  

Nymble consumes much energy per square meter than an average building in Sweden and it is not being 

efficient in some aspects of the energy consumption like the lighting.  

The objective is to find an energy efficient and cost attractive solution for the high and inefficient energy 

consumption of Nymble building whilst respecting the protective regulations.  

 

i) History  
 

According to reference 8, The KTH student union was formed in 1902. In 1912 they named a building 

committee in order a build the student union building and so the organized a competition among the 

students of design of the student union. However, by this time the student union did not have money to 

build any of the design proposals. By 1927, the student body managed to gather sufficient financial resources 

to implement the construction of a building to host the association.  

A public competition was announced in 1928. The assignment consisted on proposing a student space for 

food service, clubbing, mayor and minor events, talks and handling facilities. The winners of the contests 

were the architects Sven Markelius and Uno Åhrén. The new student union building was named Nymble 

for technologists and finished in 1930. The same year of the Stockholm exhibition room, which meant 

functionalism breakthrough In Sweden as well as throughout Scandinavia. Nymble building with its 
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functionalist style make a strong contrast with the KTH’s main building designed by the architect Lallerstedt, 

with a national romantic style. The construction of Nymble building was an opportunity for Åhrén and 

Markelius to launch the functionalist style.  

After a few years, the student union building became too crowded due to the increasing number of students. 

The extension consisted on an extension of the dining hall (adjacent to the original one), a new kitchen, new 

administration offices, new caretaker and more study cells. The extension was designed by Sven Markelius 

and Bengt Lindroos and was completed in 1952 in consistency with the traditional functionalist style. It was 

built in the north side of nymble. In fact, this was not only the building of an extension but also an extensive 

refurbishment of the existing building.  

A new extension came soon, in 1977, the KTH number of student increased constantly and the student 

union house was again too small for the needs of such a big number of students. New facilities and major 

capacity for the kitchens and dining rooms was specifically requested. The architect Bengt Lindroos who 

also designated the 1952 extension also designed the building in 1977.  

Del 1: built in 1930 

Del 2: built in 1952 

Del 3: built in 1977 

 

 

 

 

 

 

 

 

Figure 15: Nymble view where the three extensions are shown. 

This new extension had access to both the 1930s part and the 1950s part through the western façade. The 

boundaries between the different construction phases became evident in 1977 due to the materials selection. 

This last brick-built part make a strong contrast with the whitewashed facades from the decades of 1920 

and 1950.  

In the decade of 1990 a strong internal refurbishment of the whole building came, making it losses an 

important part of its cultural functionalist value.  

From a socio-historical perspective, Nymble building belong to an area which is closely related to the 

university. Northern Djurgården was established in the 1990s as an area of higher education. Stockholm 

University, the Royal Institute of Technology, the Veterinary College, the Royal College of Forestry, School 

of Sport and Health Sciences, Natural History Museum and National Veterinary Institute are all settled in 

this area. A prerequisite for the scientific institutions establishment in norra Djurgården was the military 

ground, due to this you could build institutions with the aid of a government grant. Consequently, this area 

is today dominated by educational institutions. Stockholm got its first university in 1960s, but its 

establishment as a university city took place during the 1800s. Nymble building is therefore a witness of the 

history of Stockholm’s universities which gives the building a high historical value. It witnessed the growth 

of the university and the increment in the number of students along the twentieth century [8]. 
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ii) Reasons why it has to be protected  
 

Nymble building is one of the first clean functionalist buildings in the country, this fact makes the building 

unique as a symbol of the functionalism breakthrough in Sweden with a particularly high architectural-

historical and cultural value. It is also one of the classic functionalist buildings with the most rigorous design 

compared to the Swedish functionalist buildings that came later [8].  

Today, many of functionalist buildings have lost important core values due to alterations and renovations. 

Nymble’s clean, closed facades are characteristic of functionalism and particularly sensitive to changes. 

Because of the functionalist style sensitive nature of the building, it is in need of a strong protection in order 

to eventually convey Stockholm as a site of functionalism breakthrough in Sweden. The rebuilds have 

resulted in a loss of much of the original interior value, specially the extensive remodelling and renovation 

in the late 1990s in which some parts of the existing original layout were restored and partially re-created. 

Despite the interior changes, the architectural functionalist value is still significant as long as the exterior is 

well preserved. The exterior features of the courtyard, terrace and staircase façade facing Drottning Kristina 

Street still keeps its original character.  

Nymble building is not only interesting due to its architectural value, but also due to its historical value as a 

witness of the history of Swedish university. Nymble building was at the opening a great pride for 

technologists who carried out the flag from the Stockholm exhibition at the inauguration of it in 1930. The 

building constitutes an important and emblematic part of the campus and a central a crucial part of the 

student union’s activities. The building has a place in social history as a part of the architectural value of the 

city and student life development owing to its own tradition as a gathering place for the students, both as a 

party room, study room and restaurant.  

As it was explained in the history of Nymble, the student union building has been through history been 

extended and remodelled to be adapted to the changing needs giving the building further value as a student 

union association. The building still has its original activity which contributes to the cultural and historical 

value. It is very important that the building has continued to function as a building for student association.  

Its role in the development of the student and university life of Stockholm gives Nymble an important and 

unique cultural value that justifies the protection applied to the building. If the renovations and 

refurbishments continue the building will finally look completely different than in its origins and as a result 

an important part of the student union and KTH identity will be lost.  

Nymble building is not a really ancient building like the Drottningholm palace or the Swedish parliament. 

Nonetheless, it has a unique value and it played an important role for the education and sciences over the 

past century. It is not possible to forget the importance and the value of more recent buildings like Nymble 

because this way in some years every reminder of the current époque will be lost. The things that were built 

over the last century and the ones that are being built now may also have a cultural value that it is interesting 

to preserve.  

There is great lack of modern buildings within the protected buildings stock which stem from the current 

heritage policy that focus on ancient buildings and on the value they have for being different from the 

current architectural “fashion”. There is only one Swedish protected building built after 1950.  

 

iii) Protection rules 
 

As it was explained in chapter 3.ii, when a building start being protected it has to be ruled by specific 

protective rules that ensure that the cultural and heritage value of the building is not reduced. These rules 

have to be respected but changes in violation to the protective regulation are, as it was explained before, 

permitted as long as the permission from the competent body is received (see Figure 8).   
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The protection rules for Nymble building are the following:  

1. The KTH’s student union building may not be demolished or changed externally, be covered or 

otherwise altered.  

2. In parts 1 and 2 (see Figure 15)  any intervention can be done in the frame  

3. In the cross-marked rooms (see Figures 16, 17 and 18) the layout must be preserved 

4. The care and maintenance of the building must be carried out with such materials and methods so 

that the cultural and historical value is not reduced.  

Regarding chapter 3 of the law (1988:950), the county board can give permission to change the building in 

violation of the protective regulations. The county board may impose reasonable conditions in regard with 

the circumstances that led to the need of change. The conditions may relate on how the change has to be 

made.  

With regard to the application of the law the conclusion is that nymble building is a protected building from 

the second category of buildings under the ordinance (1988:1229).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16: Plan 1 of Nymble building where the areas in which the layout must be preserved are 

marked.  
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Figure 17: Plan 2 of Nymble building where the areas in which the layout must be preserved are 

marked.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18: Plan 3 of Nymble building where the areas in which the layout must be preserved are 

marked.  
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iv) The model  
 

 As it was explained in the objectives this report, the aim is to achieve sustainability in a protected building, 

while respecting the applicable law to ensure that heritage and cultural value is respected, by proposing 

energy efficiency improvement measures that require a feasible investment with a reasonable pay-back time. 

From now on Nymble building will be the example of a Swedish protected building. 

In chapter 1 it was explained that the reason to achieve efficiency in historic buildings is the fact that these 

buildings have to be used and properly conditioned in order to continue playing a role in the social life of 

the community where they belong. There is no point of improving energy efficiency and achieving 

sustainable development in a building which is not going to be used.  

If, for example, there is a very interesting and antique church but its only role is being visited by tourist that 

spend ten minutes there just to watch it, then it is useless to implement efficient heating or cooling system, 

humidity controls etc. People do not really care if it is cold inside a place where they are just going to spend 

ten minutes. The implementation of conditioning energy efficient measures in such cases will represent a 

nonsense cost.  

The aim then, is to achieve sustainable development in Nymble as an example of a Swedish 

protected/historic building taking into account the three dimensions of sustainability: ecological 

sustainability, cultural sustainability and economic sustainability. This means that it will be tried to solve the 

efficiency problems that Nymble building has in order to achieve ecological sustainability. Thus, affordable 

solutions with a reasonable pay-back time will be searched and on top of all of this the protection rules that 

rule the treatment, care and maintenance of Nymble building will be respected. 

Nymble building is a quite complicated building to manage due to its size and the wide range of uses it has. 

In the first floor there are the IT support centre, dressing rooms, a sauna and a cafeteria among others. In 

the second floor there is a bar, two big dining halls, the kitchen and a bookshop. Finally, in the third floor 

there is a library and a music room. Besides, there are meeting and study rooms, offices, toilets, workshop 

rooms etc. in every floor.  

The building is opened all weekdays from eight in the morning to midnight. It is also open on Saturdays but 

with a reduced schedule. It completely closes during Christmas, July and every Sunday. This is the schedule 

for the regular activity of the building. However, the building also hosts many different events for students 

all along the year. There are parties that can reach a maximum occupancy of 1800 people at the same time, 

and are celebrated all over the public spaces of the building. There is also an employment fair for student 

called armada, celebrated in November that has 2000-3000 visitors every day. There are parties, fairs and 

other kind of events almost every week of the year, although this activity is strongly reduced during the 

summer months.    

Nymble building is not only a building with an emblematic meaning for the student union and for the 

institute of technology but also a building with an intense activity in the campus life. This means that the 

building continues having its important role in the development of the university and the student life.  

Owing to this, Nymble building represents a perfect example to use for the objective of this report. It is a 

protected building by the Swedish legislation and its value is not only due to the architectural style but also 

to the role it has played and it continues playing in the history of the university and student life of Stockholm. 

Nymble also presents a quite inefficient energy consumption due to some problems that will be explained 

more detailed in the following paragraphs.  

The main problems that were identified when analysing the current energy situation of Nymble building are 

the low insulation and the high energy consumption.  
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1. Low insulation: The low insulation of the building brings about great heat losses during the winter 

that result in an increment of the heating demand in order to achieve the required indoor comfort 

temperature. Despite the fact that there are double glazing windows in all the building, the heat 

losses through the windows are huge and Nymble has a lot of windows. From the following figures 

it can be observed how heat is massively lost through windows and even through some walls: 

 

 

 

 

 

 

 

 

 

Figure 19: Massive heat losses through the western façade of the 1930s part. 

 

 

 

 

 

 

 

 

 

Figure 20: Image from the main façade of the 1930s part 

 

 

 

 

 

 

 

 

 

Figure 21: Image from the main façade of the 1950s part and main entrance door.  
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2. High energy consumption: Nymble’s energy consumption per square meter was 230 Kwh/m2 in 

the year 2013. Nymble’s energy use is being inefficient because current technologies allow the 

supply of the energy demand in a building with such characteristics with a lower energy 

consumption.   

The Swedish certification system Miljöbyggnad, which is based on the Swedish construction 

practices and government regulations, classifies buildings regarding its energy consumption in the 

categories, namely bronze for an energy consumption of 193 kwh/m2-year, silver for 118 kwh/m2-

year and gold for 84 kwh/m2-year. The objective of this project is not achieving the certification 

of Miljöbyggnad, this is just to show that Nymble’s energy consumption is far away from what it 

is considered efficient in Sweden.  

Therefore, this report will focus all the measures on reducing Nymble’s heat losses, or improving its 

insulation, and on reducing the amount of energy consumed. In order to analyse the impact of the measures, 

there will be a simulation of the building with the software “design builder” with its current energy situation. 

After that, there will be the implementation of the measures in the baseline model to see how things change 

due to these measures.  

Another important aspect to be solved in Nymble is the ventilation system. However, this report will not 

analyse it with strong detail and so the proposed measures will not be based on this ventilation system.  

When proposing a measure, firstly it will analysed the impact it has in the building external appearance and 

in the layout, respecting all the protective regulations. Despite the fact that it is possible to apply for a change 

in violation of the protective regulations, it will not be taken into account in this analysis and it will be 

assumed that respecting protective regulations is the best way to achieve cultural sustainability. Secondly, it 

will be analysed the cost and the pay-back time of the measures. And finally it will be analysed the energy 

consumption reduction that results from the implementation of the measures. Some measures may not 

involve a reduction in the energy consumption but they will otherwise contribute to the energy efficiency 

achievement.  

After analysing the impact of each proposed measure in the three dimensions of sustainability separately, 

there will be a discussion in order to find out whether sustainable development, understood as the 

achievement of the three parameters of sustainability, is accomplished or not. This means, as it was said 

before, that the three parameters of sustainability will not be considered interchangeable. It will not be 

possible to choose the cheapest solution that does not respect the protective regulations, or the more 

culturally respectful solution that brings about an unreasonable energy consumption.  

There are some measures that will not be possible to simulate in design builder. As a consequence, it will be 

difficult to analyse the impact of all them together. Therefore the measures will be analysed separately as 

different simulation scenarios starting off the baseline scenario (the current energy situation of the building). 

The energy reduction, or efficiency improvement that each scenario will involve will be comparing to the 

baseline.  

 

a) The software “design builder” 
 

Design builder is a software tool for checking building energy, carbon, lighting and comfort performance. 

Developed to simplify the process of building simulation, design builder allows rapid comparison between 

the function and performance of building designs and deliver results on time and on budget.  

Design builder features an easy-to-use solid modeller, which allows building models to be assembled by 

positioning, stretching and cutting “blocks” in 3D space. It is also possible to import 3D CAD models from 
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AutoCAD, or 2D drawing files in order to make easier and more realistic the construction of the solid 

model. [9] 

Design builder interface looks like this:  

 

Figure 22: Image of design builder interface 

The tabs above the main screen refers to activity, construction, openings, lighting and HVAC systems. The 

user can work with this tabs at a building level, block level, room level or even just for one wall, floor or 

ceiling. There are data templates that allow the user to load common building constructions, activities, 

HVAC and lighting systems into the design by selecting from drop-down lists. It is also possible to add 

personalised templates if the user often work on similar types of buildings or if the buildings does not suit 

with design builder templates. When the template is chosen the data is automatically uploaded according to 

this template but some data can be modified to adapt the template to the characteristics of the building.  

Design builder also allows the user to introduce a location template and to orientate the building so that the 

results will be displayed taking into account the weather conditions of the place where the building is settled. 

It is important to choose the correct location template because results will be completely different from the 

same building in different parts of the world. If you a choose 20 degrees as indoor comfort temperature, 

the heat load to achieve this comfort will be completely different in Stockholm where outside temperature 

is 0 degrees than in Madrid ( Spain) where average outdoor temperature is 15 degrees.  
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a) Parameters for simulation  
 

Here there will be presented the parameters used for the simulation of the model. They are not 

specifiedby zones, just the general parameters.   

 

Table 2: Parameters for simulation   [34 and 35] 

 

 

Nymble has two main HVAC systems and a small HVAC systems that provides air to the cafeteria since 

the air from the other systems was not enough.  

The first HVAC system serves the areas built during the 30s and 50s. It has one warm and one cold supply 

duct from which the air is mixed for each zone, enabling each zone to have its individual supply temperature. 

The air in this system is heated by district heating and cooled by evaporative cooling (water that is sprayed 

to the air).  

The second HVAC systems serves the area built during the 70s. This one is a usual air handling unit (AHU) 

with run-around coil heat recovery. The air is heated by district heating and cooled by a conventional chiller.  

Nymble also has water radiators in some areas but they are almost completely hidden in the design of the 

building due to the functionalist style of the building’s layout.  

Regarding lighting, Nymble has conventional light bulbs with no lighting control or occupancy sensors to 

manage lighting.  

And finally regarding glazing, Nymble has double windows from which heat is massively lost (see Figures 

14, 15 and 16), therefore it can be concluded that glazing is not very efficient.  

The “simulation” tab below the main screen displays the results. It displays graphs and tables of the values 

for indoor temperature, heat gains, heat loads etc. It is possible to display hourly, daily, monthly and/or 

yearly results.  

PARAMETERS FOR SIMULATION 

wall thickness 0.35 m

windows thickness 2.8 cm

ACTIVITY 

people density 8 m2/person

occupancy open from 8:00 to 23:00 hours 

HVAC SYSTEM

indoor heating Tª 21 º C

indoor cooling Tª 24 º C

hot water consumption 30 KWh/m2-year

ventilation flow rate 1.3-3 depend on activity l/s-m2

interest rate 0.08

energy price scalation 0.02

price electricity 1 kr/kwh

price district heating 0.7 kr/kwh

price district cooling 0.5 kr/kwh

lifetime 15 years

water 5.72 kr/m3
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In order to make it clearer to understand how design builder works here there is an explanation about how 

Nymble model was built:  

Location template is the first thing to be settled in a model, in this case Stockholm bromma which was the 

closest location of my building in all the available options for Stockholm in design builder. Then it was 

necessary to import the 2D drawing file for the basement in order to build up the basement. The same 

process was followed for all the floors, importing and building one after the other until the whole building 

was completed. In design builder it is possible to move things along the three directions of the space, 

therefore every drawing file was put in the roof of the floor below in order to connect exactly all the floors. 

When the whole building was assembled it was orientated.  

After that came the modification of the windows. Design builder sets automatically a 30% of glazing in 

every wall, but since this did not suit with nymble’s glazing it was necessary to modify it in almost all the 

walls. Then the glazing template was changed to double absorptive windows.  

The next thing was selecting the activity template for each zone of each floor. In the activity tab above the 

main screen the user can select a specific area of the building and then select the suitable activity template 

for this area. As it was said at the beginning of this epigraph, when selecting a template the data of this 

template is automatically load, however it is possible to change some of this data to make the model more 

similar to the actual situation of the building.  

The last step was to move on to HVAC and lighting systems. They both work exactly the same as the other 

tabs, you select a general template at a building, block, or zone level and then adjust the parameters.  

 

 

v) Results from simulation  
 

Here there will be presented the results of the simulation of different scenarios in design builder. Each 

scenario has one or more measures that can be considered the same type of measures. For example, there 

will be a scenario of passive measures i.e. measures that do not directly affect the mechanical heating, cooling 

or ventilation systems but that are anyway able to reduce energy consumption and to improve the efficiency 

of the building.  

a) Baseline scenario  
 

This scenario is the representation of the current and actual situation of the building. This scenario is very 

useful to analyse which are the areas that should be improved in the building, in which of them there is 

bigger room for improvement and where are the main problems of the energy system of the building. The 

energy consumption of the building per square meter accounts for 332 kwh/m2-year. The results from the 

simulation slightly differ from the measured data in the year 2013. The measured error between the results 

from the design builder simulation and the energy consumption data of the year 2013 is 8%. Since these 

results are quite accurate all the calculations here will use these result from the simulation instead of the 

measures of the year 2013 so that when simulating a measure it will be possible to measure the impact of it 

as, for example a percentage of energy consumption reduction. Therefore, as these measures have not been 

implemented in the building because they are still just propositions, this way will be more accurate to 

calculate the impact that these proposed measures will have in reality. 

The table 3 below show the energy consumption and the associated cost of this consumption: 

Table 3: Energy consumption and costs per year of the baseline scenario 
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BASELINE 

SCENARIO 

        

Energy 

consumption 

       

district heating  heating 937911 kwh  

  water 461783 kwh  

district cooling   57810 kwh  

electricity   835340 kwh  

water   7231 m3  

      

     

Costs per year      

cost water  41361 SEK 4866 € 

cost D.H. 979785 SEK 115268 € 

cost D.C. 28905 SEK 3400 € 

cost ELEC 835340 SEK 98275 € 

TOTAL 1885393 SEK 216944 € 

 

Heating and electricity are the principal energy sources in Nymble building, where heating comes from 

district heating, as usual in Swedish buildings. The big heating load of nymble building was expected due to 

long and cold Swedish winters. In figure 24 it will be seen the heat and electricity loads along the year. 

Electricity consumption is almost constant except in July when the building is closed. However the 

difference between the summer and winter months in heating load is huge. Due to mild summers, with an 

average temperature between 15-20 ºC, the cooling demand of the building is minimum. This is an important 

characteristics of energy consumption in Swedish buildings, there is a huge demand of heating during winter 

and also during fall and spring. However, the cooling demand is almost cero even in the warmest months 

of the year. On the contrary, in a building in Madrid for example, although the heating load during the 

winter is much smaller, during the summer months there is a big cooling load due to the fact that outside 

temperature can easily exceed 30 degrees during the middle hours of the day.  

 

 

 

 

 

 

Figure 23: Share of total energy consumption 

of Nymble by energy end uses.     

61%

3%

36%

heating  202.7 kwh/m2 cooling 8.38 kwh/m2

electricity 121.02 kwh/m2
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Figure 24: Heating and electricity consumption and average outdoor temperature along the year 

for Nymble Building [36]                        

It is also possible to observe how average temperature is never over 20 degrees and only a few months is 

over ten degrees. This explains, as it was said before, the big heat load between October and April, when in 

a warmer country the big heat loads would only be in the winter months (December, January and February).  

In figure 25 it is possible to see all the heat gains of the building from the design builder simulation. It can 

be observed that solar heats gains are almost zero during the winter. It can also be seen in this chart that as 

it was said before, the cooling load in summer compared to the heating load in winter and even in spring 

and fall is minimum. 

Figure 25: Internal heat gains in Nymble building along the year                  
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After that, it will be explained the heat performance of the building due to the building envelope and the 

ventilation. It will be seen how infiltration in summer increases a lot while the heat losses due to external 

ventilation and external infiltration are highly reduced during these months. Ventilation is obviously 

necessary during the whole year even though it involves great heat losses. The buildings have to guarantee 

a healthy and comfortable minimum of fresh air per person. The indoor comfort temperature chosen for 

the simulation is around 22 degrees. In summer this temperature is easily reached by opening the windows, 

because outdoor temperature is almost the same. Due to this, ventilation, especially natural ventilation 

enormously increases during the summer. However, this increment in the ventilation does not involve an 

increment in the heat loss because indoor and outdoor temperature are similar. Nonetheless, during the 

winter when indoor temperature is 22 degrees and outdoor temperature is -5 degrees (example of outdoor 

temperature in Sweden during winter) and ventilation is required it obviously involves massive heat losses.  

 

Figure 26: Mechanical ventilation, infiltration and heat losses due to it  
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Finally, it will be checked that indoor comfort is achieved. Indoor operative temperature is always between 

20 and 25 degrees as it was settled in the simulation parameters.  

 

Figure 27: Internal comfort in Nymble building  

In short, this baseline scenario of Nymble building shows how Nymble has to achieve a more efficient 

energy consumption to meet its energy demand. Besides, it is necessary to find a solution to reduce the heat 

losses that stem from the bad performance of the building envelope. Reducing these heat losses, heating 

demand will be reduced and as a consequence, energy consumption will be reduced. With other words, it 

would be taken advantage of the heat that is already inside the building to make the energy consumption 

more efficient.   

 

b) Solar cells scenario 
 

Despite the fact that during the winter Stockholm has few hours of sun, it still has around 1587 hours of 

sun every year. Between late April and the 

beginning of September the days in Stockholm are 

extremely long so it is possible to take advantage of 

it. Figure 23 in the right shows the number of sun 

hours a day during every month of the year. 

Nymble building has a flat roof in which there are 

some parts of the HVAC system, like the air 

handling unit and evaporative cooling system. The 

“free” roof surface is around 1500 square meters. 

This will be the total usable surface for the solar 

cells, however it has to be taken into account that 

there will be a wastage of usable surface, i.e. the 

corners of the roof, the wasted surface due to the 

tilt angle of the solar cells etc. Therefore, after 

doing some measures it is possible to conclude that 

the total usable roof surface was 1200 square 

meters.  

                                                                Figure 28: Number of annual solar hours in Stockholm [37] 

 

 

When considering the possibility of implementing solar cells, the two possible options, namely photovoltaic 

and thermo solar panels, should be taken into account. The former uses the heat of the sun to generate 
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electricity that can be used to supply the lighting or equipment demand of the building. The latter, has the 

same function as a heat exchanger for water where the heat supply comes from the sun.  

Electricity accounts for 36% of total energy consumption of the building while domestic hot water is only 

used in toilets and in the kitchen. Hot water is also used to supply the radiators but when the heating demand 

is bigger, from October to March (see figure 28), the number of solar hours is really small. Nevertheless, 

electricity demand is almost constant during the whole year, so it could be possible to take advantage of the 

great number of solar hours during the summer and spring months to supply the electricity demand of the 

building. Besides, from the baseline scenario it can be seen that Nymble building spends around 100000€ 

in electricity every year, while the spent of water is around 5000 euros. Thus, water is heated by district 

heating which price is 0.7 SEK/kwh while electricity price is 1 SEK/kwh.  

The conclusion is that photovoltaic solar panels is the most suitable option for Nymble building.  

When thinking about implementing solar cells in a building the following facts have to be taken into account 

in order to decide whether it is a good idea that can be useful and profitable for the building or not: how 

much electricity the solar cells will be able to supply and what is the required investment and the payback 

time.  

From Table 4 it can be seen the parameters used for the calculations of the solar cells performance, its 

investment cost and its payback time.  

Table 4: Parameters for solar cells calculations [36] 

Parameters for solar cell calculations      

elec cost 1 kr/kwh 

Solar irradiation 150 Watts/m2-

year 

  1000 kwh/m2-year  

performance ratio 0.75   

total usable surface 1200 m2 

total building consumption 835340 kWh/m2-year 

solar hours a year 1587 hours  

cost  15 sek/watt  

efficiency of the solar panel  0.14   

 

First of all, it will be calculated the electricity generated from solar cells during a year.  

Electricity generated from solar cells= 1000 kwh/m2-year x 0.75 x 1200 m2 x 0.14= 126000 kwh/year 

This represents a 15 % percent of total electricity consumption of the building. If solar cells are implemented 

in the roof of Nymble a 15% of electricity will be saved which represents a 15 % saving in the total energy 

cost.  

Now it is going to be calculated the cost of generating this amount of electricity. First, it will be calculated 

the amount of installed power in the roof.  

Installed power= 150 W/m2-year x 1200 m2 = 180000 W 

COST= 180000 W x 15 SEK/ W= 2700000 SEK   
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This cost represents the price of the solar cell itself and the price of the installation. Therefore it is the total 

required investment if the decision to implement the solar cells in the roof of Nymble is made.  

The payback time of this measure will be 21 years. This kind of installations are profitable when the payback 

time is less than 25 years. Therefore, it can be said that this measure is profitable for the building.  

Moreover, there is a government grant for the installation of solar panels that covers the 35% of the 

investment or a maximum of 1.2 million SEK. [8] 

In our case the 35% of the investment account for 945000 SEK. Thus, the total investment will be 1755000 

SEK and the payback time will be 14 years, which is 9 years less than the threshold of investment 

profitability.  

 

c) Passive scenario  
 

The objective of this scenario is to improve the insulation of the building aiming to reduce the heat losses 

and to take advantage of the heat that is already inside the building. Reducing the heat loss will result in a 

reduction of the heating demand and as a consequence a reduction on the energy consumption of the 

building.  

This kind of measures in Nymble are difficult to implement due to the fact that the KTH’s student union 

building may not be demolished or changed externally, be covered or otherwise altered and that all the care, 

maintenance and changes in the building must be carried out with such materials and methods so that the 

cultural and historical value is not reduced [8]. For instance, when trying to reproduce a window it is 

compulsory to reproduce exactly the same window with the same materials that were used during the 30s 

or the 50s when the windows were manufactured and installed in the building and this will involve a 60% 

bigger cost.  

This cost is not affordable. Therefore, it is necessary to think other ways to improve the insulation of the 

building whilst respecting the external appearance of the building. In this scenario there will be presented 

three measures, their advantages and disadvantages and the feasibility in the implementation.  

1. Triple glazed windows: Nymble building already has double glazing windows, but they are not very 

efficient (see figures 14, 15 and 16). As it was explained in the protection rules, it is not possible to 

change the windows because the external appearance of the building will be different and it is 

forbidden by the Swedish law. However, the law allows to change the appearance of the building 

internally. Due to this, one thing that can be done is to add an additional internal glazing layer in 

the windows so that the insulation of the building will be improved by dropping the U value of the 

windows around 75% from the original U value. 

The U value (W/m2-K) is a measure of heat loss in a building element such as a wall, floor or roof. 

It can also be referred to as an ‘overall heat transfer co-efficient’ and measures how well parts of a 

building transfer heat. This means that the higher the U value the worse the thermal performance 

of the building envelope. A low U value usually indicates high levels of insulation. They are useful 

as it is a way of predicting the composite behavior of an entire building element rather than relying 

on the properties of individual materials. [11] 

 

2. Internal blinds (venetian blinds): venetian blinds are window shading devices that reduce the 

amount of heat loss when they are fitted internally. In the design builder simulation, venetian blinds 

were fitted in the areas where the bigger windows can be found like eastern façade of the 50s part, 

the southern façade of the second floor dining hall and the southern façade of the third floor. The 

proposed blinds are manually controlled although it is possible to find them automatic, but they 

are more expensive. They require a low maintenance when they are already installed.  When 

implementing them in design builder, they involved an increase in the cooling demand during the 
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summer because they insulate the windows to avoid heat 

losses. Since it is possible to open or close them, it will be 

necessary to keep them open during the hottest days of the 

summer in order to let the excess of heat escape through 

the windows.                   

 

                                                                                       

 

 

 

Figure 29: Example of internal venetian blinds [20] 

3. Water ducts to gather rainwater: Stockholm’s average rainfall is 387 l/m2. Due to this, it could be 

interesting to implement a system that could gather water from rainfall in order to reduce the cost 

of water. This way Nymble could have its own water supply. Obviously it will not be possible to 

meet all the building water demand with gathered rain water but a percentage of it that could result 

in an interesting money saving. 

 

  

Figure 30: Example of water ducts 

Since it is not possible to implement this measure in design builder it will be shown here the impact of the 

water ducts to gather rain water.  

Table 5: Parameters and results of water ducts impact calculations.  

weight 3 kg     

lenght 1 m     

cost per piece 40 $ 260 kr 

roof perimeter  373 m     

roof surface 1800 m2     

elements needed  350 m     

          

total nymble water consumption 7231.05 m3 7231050 liters 

      1047.978 l/m2 

          

          

stockholm average rainfall 387 l/m2     

water losses  20%       
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This only represents the cost of buying the water ducts. In order to make this gathered water supply water 

to the building it will be necessary to implement a system that allows the water to come into the building 

ducting system.  

The cheapest way will be making the water flow through external pipes to the different areas where it is 

needed, like toilets, kitchen, dressing rooms etc. The problem is that it is contrary to the protection 

regulations that forbid any external alteration in all the buildings facades.  

Therefore, it will be necessary to make it internally. This will require a pump, which costs is 92000 SEK and 

pipes, which cost around 80 SEK/m for a 16 millimetres diameter pipe. Besides, works to implement all 

this system will have to be done which not only will involve a high cost but also the fact that some areas of 

the building will have to stop its activity during the work time.  

Due to this, it can be concluded that water ducts is a measure which is not worth it to implement since the 

cost does not compensate the water savings.  

It is going to be seen now the impact in the heating demand that the implementation of additional internal 

glazing layers and venetian blinds have.  

Table 6: Energy consumption and costs per year of the passive scenario (without the water ducts)  

PASSIVE SCENARIO         

         

district heating  heating 866502 kwh  

  water 461783.16 kwh  

district cooling   61869 kwh  

electricity   835340.96 kwh  

water   7231.05 m3  

gathered water    557 m3  

elec covered by solar cells  18.72%    

cost reduccion 18.72%    

cost water  38175.57 kr 8% water cost reduc 

cost D.H. 929799.612 kr 109388.19 € 

cost D.C. 30934.5 kr 3639.35294 € 

cost ELEC 678965.7803 kr 79878.3271 € 

TOTAL 1677875.46 kr 192905.87 € 

plus i.r. 1812105.495 kr 213188.882 € 

elec reduc 18.72%    

HEATING REDUC. 8%    

COOLING REDUC -7%    

COST RED 11%    

 

Table 7: Cost and payback time of the passive scenario (without water ducts) 
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d) Green roof scenario  
 

This scenario represents an alternative to the solar cells scenario. A green roof or vegetated roof or living 

roof is a roof of a building partially covered with vegetation planted over a waterproofing membrane. Green 

roofs serve several purposes for a building, like absorbing rainwater, providing insulation, creating and 

habitat for wildlife and decreasing stress of the people 

around the roof by providing a more aesthetically 

pleasing landscape. There are two types of green roof: 

intensive roofs, which are thicker, with a minimum 

depth of 12.8 cm and can support a wider variety of 

plants but are heavier and require more maintenance, 

and extensive shallow roofs, ranging in depth from 2 

cm to 12.7 cm, lighter than intensive green roofs and 

require minimal maintenance.  [26]                                                                                                          

                                                                                             

Figure 35: Chicago city hall green roof [26] 

For Nymble building the aim is to increase the 

insulation of the building with a reasonable cost and the lower possible maintenance so the green roof 

chosen is the light one. The impact of the green roof in the insulation and the heat savings that result can 

be seen in Table 7:    

Table 8: energy consumption and costs per year of the green roof scenario. 

green roof       

          

district heating  heating 835340.42 kwh   

  water 461783.16 kwh   

district cooling   57293.08 kwh   

electricity   835340.93 kwh   

Venetian blinds and 
internal glazing  

8% heating reduction 

3% cost reduction 

Investment cost 

Venetian blinds: 30$/m2, 
200 SEK/m2 

Internal glazing: 300$/m2, 
2000 SEK/m2

Total investment cost: 
2220480 SEK  

Pay-back time  

39 years  
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water   7231.05 m3   

      

      

cost water  41361.61 kr     

cost D.H. 907986.506 kr 106821.942 € 

cost D.C. 28646.54 kr 3370.18118 € 

cost ELEC 835340.93 kr 98275.4035 € 

TOTAL 1813335.58 kr 208467.527 € 

plus i.r. 1958402.43 kr 230400.286 € 

HEATING 

REDUC. 

11%     

ELEC REDUC. 0%     

COOLING 

REDUC 

1%     

COST RED 4%     

 

The cost of the green roof is around 133 SEK per square meter. It will be considered that it is available the 

same usable surface than it was available for the solar panels i.e. 1200 square meters.  

Total cost = 133 SEK/ m2 x 1200 m2= 159600 SEK.  

The green roof could be combined with the water ducts to gather rain water so that this water will be used 

to irrigate the green roof. It will be necessary to buy garden sprinkles, which cost around 80 SEK each, and 

a water deposit to gather the water when it rains, a water deposit of 2000 litres capacity costs around 63000 

SEK. The total investment cost will be:  

Total investment cost= 159600SEK + 6x80 SEK + 63000SEK + 14000SEK =237080 SEK  

Table 9: investment cost and pay-back time of the green roof scenario  

 

Green 
roof  
Heating 

reduction: 11%

Cost reduction: 
4% 

Water ducts to 
water the roof

Water ducts: 
14000 SEK 

Water sprinkles: 
80 SEK/ each

Water deposit: 
63000 SEK

Total

Investment cost: 
237080 SEK

Pay-back time: 
3.14 years 
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A combination of the green roof and the passive scenario (triple glazing windows and venetian blinds) will 

result in a heating demand reduction of the 19% percent in the total heating demand of the building.   

 

e) Active-lighting scenario  
 

The aim of this scenario is to reduce the amount of electricity consumed by changing the conventional light 

bulbs with LED light bulbs and by implementing occupancy sensors to increase the efficiency of Nymble’s 

lighting system.  

1. LED light bulbs: LED stands for light-emitting diode, they are low consuming light bulbs with a 

longer life cycle and smaller size than conventional light bulbs. They also reduce the heat emission 

and they do not contain mercury. The following table shows the power equivalency between a LED 

light bulb and a conventional light bulb:  

 

Conventional light bulb (watts) LED light bulb (watts) Reduction  

20 5 25% 

50 15 30% 

80 20 25% 
 

The price of a LED light bulb of 11W ,equivalent to a 50 W more or less for a conventional light 

bulb, is around 13.80 $, 92 SEK. 

 

2. Occupancy sensors for lighting control: The occupancy sensor detect when an area of the building 

is not fully occupied in order to switch off the lights that are not necessary.  The cost of a motion 

sensor is around 10 euros each, 100 SEK. 

The impact of the implementation of these two measures can be seen in Table 10:  

Table 10: Energy consumption and costs per year of the active scenario.  

ACTIVE SCENARIO     

         

district heating  heating 981116.46 kwh  

  water 461783.16 kwh  

district cooling   36718.36 kwh  

electricity   455475.45 kwh 55% 

water   7231.05 m3  

     

     

cost water  41361.61 kr     

cost D.H. 1010029.734 kr 118827.028 € 

cost D.C. 18359.18 kr 2159.90353 € 

cost ELEC 455475.45 kr 53585.3471 € 

TOTAL 1525225.97 kr 174572.278 € 



Achieving sustainability in Swedish historic buildings  
 

-51- 
 

plus i.r. 1647244.048 kr 193793.417 € 

HEATING REDUC. -5%    

ELEC REDUC. 45%    

COOLING REDUC 36%    

COST RED 19%    

 

It can be seen that the heating demand slightly increases due to the fact that part of the heat gains from the 

lighting system are lost. However, there is a reduction in the cooling demand of a 36% percent, which 

compensate the increase in the heating demand. The best result of this scenario is the electricity reduction 

which account for a 45% of total electricity consumption in Nymble building.  

Table 11: investment cost and pay-back time of the lighting scenario  

 

If this scenario was implemented along with the solar panels this will result in a 60% electricity reduction.  

 

f) Final scenario  
 

As it was explained in the model, some of the proposed measures cannot be implemented in design builder. 

Besides, some measures are impossible to implement at the same time, like the solar cells and the green 

roof. Due to this, it is not possible to create and scenario where the impact of all the measures can be 

analysed.  

There are three possible final scenarios, taking into account that all the measures are feasible implementable:  

1. Solar cells + triple glazing windows + venetian blinds + LED + occupancy sensors:  

 

    Table 12: Energy and cost reduction that result from the implementation of Final 1 

scenario 

BASELINE    Final 1   

LED light bulbs 
and occupancy 

sensors 

Electricity 
reduction 45% 

Cooling 
reduction 36%

Cost reduction 
19%

Costs

LED light 
bulb: 140000 

SEK  

Occupancy 
sensors: 100 
SEK/each 

Total

Investment 
cost: 142000 

SEK 

Pay-back time: 
0.4 years 
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heating  202.7 kwh/m2 186.5 kwh/m2 

cooling 8.38 kwh/m2 5.36 kwh/m2 

electricity 121.02 kwh/m2 48.4 kwh/m2 

total  332.1 kwh/m2 240.26 kwh/m2 

energy reduction  28% 

cost reduction  31% 
 

Total investment cost= 4117480SEK 

Payback time: 5 years  

 

2. Green roof + triple glazing windows + venetian blinds + LED + occupancy sensors: 

 

     Table 13: Energy and cost reduction that result from the implementation of Final 2 

scenario 

     

     

     

     

     

            

Total investment cost: 2599560 SEK 

Payback time: 3 years  

3. Solar cells + LED + occupancy sensors:  

 

      Table 14: Energy and cost reduction that result from the implementation of Final 3 

scenario. 

BASELINE   Final 3  

Heating 202.7 kWh/m2 212 kWh/m2 

cooling 8.3 kWh/m2 3.37 kWh/m2 

electricity 121 kWh/m2 36.3 kWh/m2 

total  332 kWh/m2 251.7 kWh/m2 

energy reduction 25% 

cost reduction  34% 
 

Total investment cost: 2842000 SEK 

Payback time: 2 years  

It will be necessary to make the decision of which is the best final scenario to implement regarding the 

achievement of sustainability of each scenario. When proposing every measure it was taken into account the 

protective regulations for Nymble building. Thus, cultural sustainability is achieved in every scenario. This 

means that, it will be necessary to discuss the achievement of economic and ecological sustainability in these 

three final scenarios in order to implement the one that best suits with the concept of sustainable 

energy reduction 29%

cost reduction 30%
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development understood as the combination of cultural, ecological and economic sustainability. It will be 

discussed more detailed in the following pages. 

 

vi) Nymble in Madrid  
 

Finally, the model of Nymble building was simulated by changing the location from Stockholm to Madrid. 

The aim of this is to see which are the main energy demand differences in both countries and identify and 

discuss the causes and consequences of these 

differences 

If Nymble were in Madrid its energy 

consumption according to the design builder 

simulation will be 268.77 kWh/ square meter, 

which is 19% less than the energy consumption 

in Stockholm. 

While the cooling demand in Stockholm only 

accounted for 3% in the total energy share, in 

Madrid it accounts for the 19%. This is one of 

the main differences between Stockholm and 

Madrid, the energy demand due to the climate.  

 

                                                                             Figure 36: Share of total energy consumption of 

Nymble by   energy end uses if it was in Madrid                                                                                                                                                                                                                                                          

 

However, the increase in the cooling demand in Madrid does not compensate the reduction of heating 

demand, which is half in Madrid than in Stockholm. According to design builder simulation, the electricity 

consumption will be the same in both countries. Nevertheless, it has to be taken into account that in Spanish 

buildings the cooling systems is usually electric. Therefore, the electricity demand will increase and so the 

total energy consumption. It also has to be taken into account that Nymble has double glazing windows and 

they are not that common in Spain, so for a building built in the 30s, 50s and 70s in Madrid the windows 

will be probably single glazing which will increase the total heating demand due to the fact that the amount 

of heat loss through the windows will increase a lot.  

Another important difference is how the HVAC system works. In Stockholm the heating comes from 

district heating but in Spain this heating system is really uncommon. The most common heating system in 

Spain is the fan coil. The fan coil sucks the air of the room, it heats it and re-lease it again when it is already 

heated. The problem with the fan coils is that they do not suck fresh outdoor air but indoor air. Therefore, 

when having this heating system it might be necessary to have an additional mechanical ventilation system 

in order to guarantee the minimum fresh air per person.   

The extreme temperatures in Madrid happen during the summer, in winter it is rare to have temperatures 

below cero and when they are reached they never last more than a couple of hours. However, during the 

summer it is possible to have temperatures over 30 degrees even during the night. This is one of the reasons 

why indoor comfort is hard to achieve during the summer months. In the following charts, it will be seen 

the heating and cooling load during the whole year in Madrid. It will also be observed how heat solar gains 

are much bigger in Madrid than in Stockholm  
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Figure 37:  Internal heat gains of the simulation of Nymble in Madrid  

Regarding ventilation, in Stockholm it was seen that during summer months (June, July and August) the 

mechanical ventilation increased due to the fact that outdoor temperature was similar to indoor desirable 

temperature. Therefore, the most efficient way to achieve the indoor comfort was opening the windows. 

Nonetheless, in Madrid it can be seen that the maximum of natural ventilation happens during May and 

September, these are the months when outdoor temperature is similar to indoor desirable temperature. In 

July and August the natural ventilation decreases, the only way to achieve indoor comfort during these 

months is by closing the windows and switching on the air conditioning system.   

Figure 38: Mechanical and natural ventilation and the heat losses related to it  
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a) Impact of the proposed measures in Madrid  
 

Here there will be explained the main consequences of the implementation of some of the proposed 

measures for Nymble in Stockholm in Madrid. Some of the measures will result in the same energy or cost 

reductions like the passive measures (improvement of insulation) or the LED light bulbs (electricity 

consumption reduction). Some other measures will represent bigger differences in their implementation and 

in the consequences of it: 

1. Solar cells: The parameters for the calculations are obviously different in Madrid than in Stockholm, 

solar irradiation or number of solar hours are bigger in Madrid. The same calculations that were 

done for the solar cells scenario will not be repeated here because the pay-back time or the total 

investment cost are not interesting here. The aim is to show what will be the electricity generated 

from the same solar cells in the same usable surface in Madrid.  

 

               Table 15: Parameters for solar cells calculations in Spain 

 
  

   

   

   

   

   

   

   
 

Electricity generated from solar cells= 1600 kwh/m2 x 0.85 x 1200 m2 x 0.14= 228480 kwh/year 

This will represent a 27% of total electricity consumption in Nymble building generated by solar cells, which 

is 12% more than in Stockholm.   

2. Green roof: In terms of insulation and energy efficiency improvement the green roof will have 

more or less the same impact in Madrid than in Stockholm. Average rainfall in Madrid is much 

smaller than in Stockholm so it might be needed more additional water to irrigate the plants. 

In my opinion, the most important difference that this green roof will represent in Madrid will be 

the social perception. Stockholm is a city where it is very common to find parks, gardens and 

vegetation all over the city. Besides, ecological solutions are much more common in Sweden, where 

everybody respect the nature, recycle and contribute to the protection of the environment. 

However, in Spain is it still difficult to aware the population about the benefits of the 

environmentally friendly practices. Implementing a green roof in a university building in Madrid 

would be a really curious and extraordinary event for everybody. This would probably appear in the 

local newspapers and could encourage other people to start implementing ecological and “green” 

solutions in their buildings. 
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5) Discussion  
 

After analysing the importance of historic buildings and the role that they play in our society and the Swedish 

laws that rule the management and protection of this kind of building, this information was used to 

implement energy efficiency measures that respect the protection in a specific example of a Swedish historic 

building. The objective of these measures was to achieve energy efficiency, while respecting the protection 

regulations, and incurring in a reasonable cost.  

Along the following pages, there will be a discussion about the objectives of this project by comparing each 

of them with the other two. In figure 39 it is possible to see how the three parameters of sustainability that 

this paper was aiming to achieve are directly connected with each of the objectives. If it is possible to 

preserve the cultural and heritage value of the cities then cultural and social sustainability will be achieved, 

if energy efficiency is achieved then it will be possible to end up in an ecological and environmentally 

respectable energy system and if the incurred expenses are affordable and reasonable then economic 

sustainability is achieved.  

 

 

 

Figure 39: parameters that will be taken into account along the discussion and the relation between 

them 

 

i) Preserving cultural and heritage value VS reduction of 

environmental impact  
 

The objective of this comparison is to identify the boundary where heritage preservation has to be given up 

to support energy efficiency achievement, or on the contrary where energy efficiency should be given up in 

order to preserve the cultural and heritage value.  

The point is whether the building is going to be used or not. It is important to highlight the fact that the 

objective of doing all this is because the building is going to be used and then it is important to use it in an 

efficient way. When a historic building stops being used then it gets abandoned and the cultural value is not 

preserved because it deteriorates. The best way of preserving the cultural and historical value of the buildings 

is to make an efficient use of them.  

cultural/social 
sustainability 

economic 
sustainability 

ecological 
sustainability 

preserving the 
cultural and 

heritage value 

incurred expenses 
reduction of  

environmental 
impact
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Therefore, if someone wants to start using a historic building that has been deteriorated along the years due 

to the abandonment of it, then it will be necessary to analyse the pros and cons of using this building and 

which are the things that have to be done in order to condition the building in order to make it adequate 

for occupancy. It is important to adapt the building to make it efficient in its use and to adapt it to the 

current technologies because it is obviously not possible to use a heating system that was operating in the 

nineteenth century.  

Therefore, if someone wants to preserve and use historic buildings it will be necessary to make some 

concessions in terms of cultural value reduction. There might be some actions that reduce the cultural value 

of the building but allows the occupancy and utilization of it so that in the future it will still be possible to 

have this building operating and looking almost the same way than it looked when it was built.  

Nowadays everybody is very concerned and aware about the danger of the climate change and the global 

warming, the importance of promoting environmentally friendly practices and achieving sustainable 

development in all the aspects of life. Due to this, the cultural preservation is being increasingly forgotten 

in order to support the efficient use of the buildings. The problem of this is that if this continues like this 

in 50 years most of the historic heritage of the cities will have been lost.  

On the other hand, if the preservation of the cultural value is the only thing that is taken into account then 

it will not be possible to implement any efficiency measure in the building. Thus, for some years the building 

will be perfectly preserved and will look exactly the same as it looked when it was built. However, the fact 

that any changes are made on the building will make it uncomfortable for the use, so the occupation and 

use of it will be stopped and in the future it will be deteriorated and abandoned. In this case any changes in 

the building will be done in order to preserve the value but in the long-term the value will be reduced and 

probably completely lost. That is why it is so important to find a balance between these two objectives in 

order to not forget any of them since the consequences will be disastrous.  

The increasing concern of the population about the importance of promoting environmentally “friendly” 

practices is a very positive think in our current societies. There will be some times when this has to be 

prioritized in order to guarantee the success of the project and of future related projects. However, it should 

be identified when to prioritize these practices and when it is the time to support other issues that might 

have the same importance and relevance.  

As it was explained in chapter 1, achieving sustainable development means achieving each of the three 

parameters of sustainability. Our current society, due to the evolution and improvement of technologies 

and processes, is able to find solutions that respect the environment and the heritage value at the same time.  

 

ii) Preserving cultural and heritage value VS incurred 

expenses  
 

This discussion aims to find a balance between the cultural aspects of sustainability (preserving the cultural 

and heritage value) and the economic aspects of sustainability (incur in reasonable feasible and profitable 

costs).  

This discussion represents a contemporary interest topic due to the current economic crisis plaguing Europe 

that makes that all the issues are constrained by the lack of funds. The preservation of the historic and 

cultural value of the cities may be currently considered an irrelevant issue compared with problems like the 

unemployment, the national debt, the banks and companies bankruptcy and the pressure of the financial 

markets. It is possible to think that anybody will support the decision of investing a huge amount of money 

in the preservation of an emblematic historic building when the society has bigger and more serious 

problems to care about.  
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On the one hand as it was explained in chapter 2 epigraph iv.c this is exactly what European countries like 

France are doing, France is selling emblematic and historic properties in Paris and other cities that were 

used for public services and moving the people working there to cheaper maintenance buildings. The main 

buyers are estranger firms especially from the United States.  In the short-run it is an interesting decision in 

order to increase the income of the state and it is probably the right decision in this moment. However they 

might regret it in the future, the buyers may not respect the historic value of the properties because they do 

not feel identified with the history and the identity of the place where they are settled so they may change 

the structure and the appearance of the buildings in order to adequate it to their necessities.  

It might not be very impressive if one the buildings in Paris is externally change because most of the 

buildings in the centre of the city there are historic. Nonetheless, it is still important to find a sensible balance 

with these policies because it might be possible to realise in 20 years that in order to increase our income in 

a rapidly way the cultural value of our society have been compromised.  

On the other hand, there is the example that it was seen before about Czechoslovakia where even though 

the country was going over a difficult economic situation they decided to support the government`s initiative 

to restore an emblematic palace in Prague. In this case the population thought that recovering the identity 

of the country was the most immediate issue they had to solve in order to face the difficult situation of their 

country.  

There is not a right or a wrong strategy in terms of deciding how much money invest in the preservation of 

the cultural value of a building or a city. It is important to find the balance between both parameters and to 

analyse correctly the consequences of our decisions because one thing could be the right strategy for a 

specific moment but it can be something regrettable in the future. Maybe the solutions that something can 

brings about in the present does not worth it the consequences that it will represent in the future.  

 

 

iii) Reduction environmental impact VS incurred expenses  
 

The search of a balance between energy efficiency achievement and the amount of investment establish a 

perfect discussion for the proposed scenarios for Nymble building.  

Finally there were two possible scenarios implementing all the proposed measures, namely Final 1 with solar 

cells and Final 2 with a green roof. The implementation of solar cells involve a bigger investment that will 

be paid during 14 years. Besides it is a more risky project in a country like Sweden where it might be possible 

to face the situation where the solar cells stop generating energy for a whole month. On the other hand, the 

implementation of a green roof in the roof of Nymble required a smaller cost with a smaller maintenance.  

Both scenarios involved the same reduction in the energy consumption of the building. However, solar cells 

represents a more ambitious project with the possibility of selling the energy that it is not used during the 

summer months and with a strong potential to be an example for the rest of the buildings in the university. 

The green roof is a measure that increases the insulation of the building and reduce the amount of energy 

consumed with a small investment and low maintenance.  

Since the aim is to find a balance of the three parameters of sustainability in order to achieve sustainable 

development the scope of the analysis will not be set on the reduction of the energy consumption of the 

building as the requirement to achieve energy efficiency and ecological sustainability. This report will go 

forward and analyse whether the solar cells scenario represents a more ambitious achievement of the 

ecological sustainability and sustainable development despite the fact that it requires a bigger investment.  

The solar cells scenario not only improves the efficiency of nymble building but also ensure that a big share 

of the energy consumed by the building comes from renewable energy sources. This means that nymble is 

not only sustainable in terms of energy efficiency but also in the respect of the environment by reducing the 
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greenhouse gasses emissions and the pollution of the air and the water as well as in contributing to Swedish 

energetic independency by reducing the imports of fossil fuels.  

It will also contribute with the European Union targets for 2020 which aims to have a 20% of energy 

consumed in Europe coming from renewable sources, a 20% reduction in GHG emissions and a 20% of 

energy efficiency improvement. [10]  

It is possible to see then that the cheapest solution is not always the most interesting, it is necessary to 

analyse all the consequences of the investment in order to make it worth it. Obviously, there will be 

sometimes when the most suitable solution is the cheapest and easiest one that involve the most immediate 

reduction in energy consumption and costs.   

As it was said in the previous discussion it is important to find the right balance and to analyse the causes 

and consequences in order to be able to make the most sensible decision.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Achieving sustainability in Swedish historic buildings  
 

-60- 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Achieving sustainability in Swedish historic buildings  
 

-61- 
 

6) Conclusions and Recommendations   
 

Implementing all the proposed measures will be impossible due to the high investment that it will require, 

it is necessary then to choose which will be the most beneficial measures for Nymble building.  

As a recommendation for the future work in Nymble building the implementation of the solar panels in the 

roof will be proposed. This is an ambitious project that will require a high investment but it is a worth it 

investment due to all the advantages it represents to the building and to its reputation among the Swedish 

historic buildings community and among the university. As it was said in the discussions, it also contributes 

with the achievement of the European Union targets for 2020 in terms of energy efficiency and renewable 

energy sources. Due to this, the implementation of these solar panels is a measure that perfectly suits with 

the goals of sustainable development as a combination of cultural, ecological and economic sustainability. 

It also achieves the two main objectives settled for this project, namely maintaining the identity and heritage 

of the cities and ensuring efficient use of historic building, while involving an affordable investment cost 

with a pay-back time below the threshold of profitability and feasibility.  

Besides, it will be recommended the implementation of the LED light bulbs and the occupancy sensors 

which is the measure that involves the higher energy efficiency improvement. The passive measures are also 

interesting but they do not a represent such a significant energy efficiency improvement compared to the 

required investment. Maybe further research is need in order to find passive solutions that really improve 

the energy performance of the building while respecting the protection regulations that rule the treatment 

of Nymble building.  
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7) Future work  
 

At the end of chapter 3 “norms and regulations for Swedish historic buildings” there is a comparison 

between the Swedish and the Spanish systems in terms of regulations and laws that rules the management 

of historic buildings. It is clear that both countries has a very different regulation system that makes difficult 

the comparison between the possible measures to implement. Therefore, it will be interesting to have the 

same analysis done in this report in other Scandinavian countries such as Norway, Finland or Denmark. 

Southern European countries like Italy or Portugal have similar systems than in Spain. Thus, it will be 

interesting to do the analysis in Scandinavian countries in order to find out whether the Swedish system is 

unique and unusual or not.  
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