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ABSTRACT 

With an increasing global concern about climate change, an important topic for 

the building industry is how climate change will affect the energy behaviour of 

buildings and their indoor thermal comfort levels. Many residential buildings do 

not fulfil the healthy requirements regarding indoor temperatures due to poor 

design even with the current climate conditions. The building stock has a mean 

lifespan of 50 - 100 years and many researches have already been conducted, in 

order to predict its behaviour over its life cycle. However, national or community 

design criteria for buildings and current standard weather data are not adapted to 

the potential impacts of climate change, particularly to the risk of overheating 

periods during summers.  

This paper describes the process of creation and integration of future climate 

scenarios for Sweden in 2070 and analyses the importance of climate change on 

the built environment through a case study building in the area of Stockholm. The 

building represents a modern building of today with a low energy demand and 

total compliance with the health requirements for indoor comfort. Building 

simulations are performed through the simulation software IDA-ICE and the 

results demonstrate the significant impact of climate change on premises due to 

the summer overheating. A decreasing trend in heating energy demands and the 

need of comfort cooling to fulfil health requirement of indoor comfort due to 

changing climate conditions in the future are observed. Although, the total 

building property energy demand, including cooling demand as well, is less in 

the future compared to today. This paper describes the relationship between 

climate change and buildings and could provide a useful knowledge background 

on the issue of adaptation and resilience of buildings for the next 50 years. 
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SAMMANFATTNING 

 

Med en ökande global bekymmer för klimatförändringar är ett viktigt ämne för 

byggnadsindustrin hur klimatförändringar kommer att påverka byggnaders 

energibeteende och deras termiska komfortnivå inomhus. Många bostadshus 

uppfyller inte de hälsosamma kraven på inomhustemperaturer på grund av dålig 

design även med de nuvarande klimatförhållandena. Byggnadsbeståndet har en 

genomsnittlig livslängd på 50 - 100 år och många undersökningar har redan 

genomförts för att förutsäga dess beteende under dess livscykel. Emellertid 

anpassas inte nationella eller samhällskonstruktionskriterier för byggnader och 

aktuell standard väderdata till de potentiella effekterna av klimatförändringar, 

särskilt inte till risken för överhettningsperioder under somrarna. 

Denna artikel beskriver processen för att skapa och integrera framtida 

klimatscenarier för Sverige 2070 och analyserar betydelsen av klimatförändringar 

på den byggda miljön genom en fallstudiebyggnad i Stockholms område. 

Byggnaden representerar en modern byggnad av idag med låg energibehov och 

fullständig efterlevnad av hälsokraven för inomhuskomfort. Byggsimuleringar 

utförs genom simuleringsprogramvaran IDA-ICE och resultaten visar den 

betydande inverkan av klimatförändringar på lokaler på grund av överhettningen 

på sommaren. En minskande trend i krav på uppvärmningsenergi och behovet av 

komfortkylning för att uppfylla hälsokravet för inomhuskomfort på grund av 

förändrade klimatförhållanden i framtiden. Även om den totala efterfrågan på 

byggnadsfastigheter, inklusive kylbehov, också är mindre i framtiden jämfört 

med idag. Denna artikel beskriver förhållandet mellan klimatförändringar och 

byggnader och kan ge en användbar kunskapsbakgrund om frågan om anpassning 

och motståndskraft för byggnader under de kommande 50 åren.
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CHAPTER 1 

 

INTRODUCTION 

1.1 Background 
In the European Union (EU), buildings accounted for 40 % of the final energy consumption 

and 36% of the greenhouse gas emissions in 2017 (European Commission, 2018). Around 75 

percent of the buildings are considered to be energy and cost inefficient while the renovation 

rate is generally considered too low (European Commission, 2017), labelling so the 

construction sector as one of the most energy demanding sectors today. Buildings used by 

public service organizations make up a large part of this footprint, whether they are office 

buildings, retail stores, hotels, schools or hospitals. In addition, residential buildings contribute 

also to the high energy consumption rates and increased carbon emissions over the last decades, 

but with different rates according to the climate zone where they are built. According to Kwok 

and Rajkovich (2009), the building stock in the United States (US) accounted for 39% of the 

total primary energy consumption in the US, of which amount 35% was consumed for heating, 

ventilation and air-conditioning installations (HVAC). Furthermore, according to Yang et al. 

(2013), the building sector in China accounted for 24% in 1996 of the national energy use, 

increased to almost 28% in 2001 and predicted to raise up to 35% in 2020. Αccording to the 

latter, the building stock is also responsible for about 40% of the total energy consumption in 

the EU and account for more than 30% of CO2 emissions. Thus, the above situation makes it 

clear why engineers, scientists as well as governments take dare initiatives and measures 

towards the creation of more sustainable buildings, with lower energy consumption and 

greenhouse gases emissions, more friendly to their users and with better indoor climate 

conditions. 

  Buildings have typically a long life cycle, lasting in the most cases around 50 years or 

more, but also depending on the type of the building in each case. Therefore, it is highly 

important to analyse and predict how buildings will response to the climate change in the future 

and to what extent this situation will affect the total energy needs in buildings. There is a 

growing concern right now from scientists, engineers and stakeholders that the global market 

should adapt and reallocate the daily function of premises in the coming years. Recent studies 

have shown that the heat periods during summers will be prolonged and be more intense, while 

cold periods during winters will be shortened and be milder. This trend will be roughly the 

same for all climate zones (the low latitude / altitude regions may be affected more) during the 

20th and 21st century. According to Yang et al. (2013), a reduction in the cold periods during 

winters will lead to less need for space heating in buildings, while the increased and prolonged 

heat periods during summers will create the risk of overheating for more hours per day in 

naturally ventilated buildings. On the other hand, for premises that use mechanical ventilation 

and HVAC installations (their operation is typically relied on electricity) there would be an 

increased demand for space cooling and therefore will affect the total energy demand and CO2 

emissions during summers. Thus, the urban warming, which is the combined effect of urban 

heat island (UHI) and the global warming, leads to significant changes in the design and 
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construction of premises in order to provide sufficient indoor climate conditions in the future 

as well.   

The size of the specific energy impact of urban warming depends on many different factors 

such as the intensity of the urban warming, the type and technical characteristics of the 

buildings that are examined and the local climate conditions. The majority of studies indicate 

that the increase of the urban temperatures may affect more the energy demand for cooling 

purposes rather than the heating needs of buildings. According to M. Santamouris et al. (2014), 

it is found that the cooling energy demand of typical urban buildings is by 13% higher 

compared to similar buildings in rural areas. Furthermore, the average energy consumption for 

heating and cooling of the same buildings was raised by 11% for the same period. Moreover, 

in severe cold climate zones (e.g. high altitude / latitude regions) the decreased demand for 

heating in premises will mostly balance the raised cooling requirements during summer (Yang 

et al., 2013). However, analytical simulations and measurements adapted to the examined 

building will provide more accurate and reliable results. According to the same survey, the low 

latitude regions with warmer climates (e.g. areas around the Mediterranean sea, some African 

areas etc) will be affected more and will have to take more drastic measurements to cope with 

the climate change. Those areas usually have low heating requirements but the increased 

energy demand for space cooling during summers will exacerbate their total energy demand as 

well as their peak energy demand during the hot months.  

The EU is targeting in important energy efficiency improvements in the built environment 

in the forthcoming years, so Sweden as a member of the EU and a country with intense  

environmentally friendly attitudes, could not apart an exception from the above effort. Sweden 

has a long history of energy efficiency requirements for buildings, with the first prescriptive 

requirements being implemented in 1946. The latest BBR (Boverket’s Building Rules) set 

mandatory overall performance demands for dwellings and non-residential buildings that 

depends on the location and type of heating and cooling system used. The regulation outlines 

prescriptive requirements for the thermal envelope and suggests efficient design of the building 

energy service systems including, heating, ventilation, air-conditioning and cooling (HVAC), 

hot water demand, lighting, auxiliary systems, as well as materials and products. Compliance 

with the BBR requirements is achieved through measuring the actual energy use of the 

occupied building and comparing it to BBR thresholds, proving that it is less than or equal to 

the allowable energy threshold.  

1.2 Problem Statement 
As described before, the energy needs of the building stock will change significantly in the  

future. Urban heat island and global warming raise the ambient temperatures all over the world 

constantly, leading to the modification of the building energy performance and energy needs. 

It is scientifically proven that cold periods during winters will last for shorter periods, while 

hot periods during summers will be prolonged with noticeably higher temperatures. This 

situation in combination with the UHI phenomenon, which is the result of many different 

factors (e.g the weather conditions and topographic characteristics of the city, the urban 

density, the anthropocentric heat released etc), will cause noticeable changes in the heating and 

cooling energy needs of buildings. It is predicted that cooling energy needs will increase 

significantly during the long hot periods, while the heating demands are likely to be reduced.  
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The cooling needs are of special interest for buildings in countries that do not have comfort 

cooling today, but they are strongly affected by climate change with longer and warmer time 

periods, such as family houses and residential buildings, schools and retirement homes. The 

impact of indoor climate conditions in classrooms on the learning ability of has been discussed. 

According to Teli and Dalenbäck (2018), children are more sensitive to higher temperatures 

than adults and prefer a lower room temperature.  

Increasing temperatures could expose vulnerable groups of peoples to increased health risks  

all over the world. In Europe, and in some countries at the east coast of the Mediterranean Sea 

the percentage of elderly people that is vulnerable to heat expose is over 40%. In Sweden, high 

temperatures lead to deaths related to extremely warm periods, strokes, myocardial infarction 

and pulmonary disorders (P. Byass et. al. 2018).  

The question about the climate impact on buildings in Sweden is if we still can do “as 

before”, as it is marked in an Energy & Miljö by Finnson (2019). Sizing outdoor summer 

temperatures is based up to 30 years old statistics. The Swedish building code BBR has 

recommendations on lowest permitted indoor temperature in the winter season but there are no 

suggested thresholds about the maximum temperatures in the summer season. The 

communities have regulations on where to build or not to build regarding the risk of flooding 

and erosion from large rainfalls and is based on detailed reports based on the climate change. 

But regulations regarding sizing buildings for changing outdoor temperatures lack. 

However, all the above are strongly dependent on the climate conditions of the area, where 

the buildings exist. The impact of climate change on premises will be examined in this research 

through energy simulations on an existing building in the region of Stockholm. In addition, the 

raise of the indoor temperatures will cause many problems regarding the occupants thermal 

comfort, and so architects and engineers will have to think ways in order to provide still 

sufficient indoor climate conditions to occupants. Primarily, their efforts should focus on the 

design of facades and windows areas, shading systems, using building mass to store energy, 

and secondary employing HVAC applications with higher energy power. 

Furthermore, urban warming has more consequences than just the increase of the energy 

demand in buildings. Urban warming will cause too many environmental issues and problems 

related to human health. In the majority of the developed countries, the heating energy is 

usually provided by oil or gas fired boilers, while the cooling energy demand is generated 

mainly by electricity. Thus, the raise of the consumed energy for space heating and cooling 

results also in increase use of electricity as well as of fossil fuels. This situation will deteriorate 

the emissions of air pollutants and CO2 emissions, which will create more serious health 

problems, worse outdoor conditions and enhance the urban ecological footprint. Therefore, 

scientists and engineers are asked now from public authorities to handle this situation, provide 

buildings with appropriate indoor climate conditions, adapted to the energy thresholds of their 

national policy as well as the EU policy and finally following the EU environmental goals 

regarding the CO2 emissions and other green house gas emissions. A wider and more careful 

review of the building design strategy is needed in order to create building competitive enough 

for the new climate conditions that will prevail in the future,  

1.3 Objectives and research questions 
As described in the previous chapters, the building stock and its occupants will face 

noticeable problems in the future, if engineers design and construct buildings without take into 

consideration the modification of climate conditions, which is occurring over the last decades. 
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Therefore, the main topic of this master thesis will be the introduction and description of the 

global climate change and its impact on the built environment. It will be investigated to what 

extent this situation affects the building energy performance and the quality of indoor climate 

conditions of premises that are already built, but as well the buildings that are about to be 

constructed in the future. Towards this aim, a computational study (i.e. conducting building 

energy simulations through the energy simulation software IDA-ICE) is conducted on the 

building energy consumption and its thermal comfort levels of a building, that is located in the 

area of Stockholm. This residential building is simulated with the current climate file, which is 

valid for the area of Stockholm, but also a future climate file is applied as well. This simulation 

process will provide useful results and conclusions regarding the building’s energy and power 

requirements as well as the thermal comfort conditions that are provided. Through this 

simulation and energy calculation process, the following research questions are going to be 

answered: 

 

1. To what extent will the climate change affect the energy requirements of the building 

after 50 years, in 2070? The typical life cycle of residential buildings is 100 years, 

so this study refers to its half life span.  

2. Is a matter of significant higher cooling and lower heating energy demand for the 

future energy needs of the building? By which factors is this energy balance 

affected? 

3. Are the requirements of BBR for energy demand and thermal comfort according the 

Swedish Health Authority still satisfied if future climate conditions are applied? 

4. What power demands of the heating and cooling installations are required in future 

in order to comply with the recommended indoor climate conditions? 

1.4 Research Methodology 
Several research methods can be applied in order to answer the previously described 

research questions. In this study, an extended literature review and a case study are the two 

main research methods that will be followed. The research methodology can be divided into 

three parts as described in more detail below.  

Literature review on the impact of climate change on buildings energy consumption 

and thermal comfort levels 

To study and examine the future impact on buildings energy consumption, that is caused by 

the modification of climate conditions across the globe, firstly it is necessary to know what 

climate change means. Therefore, the first step is to review several articles and researches 

around UHI and global warming in order to capture their definition and general features. 

Studying relative scientific articles and journals on the specific topic will provide the author 

with an efficient and in detail knowledge about the framework of the future weather conditions 

under which the building stock is going to operate. Studying previous researches on the topic 

can give also the possibility to judge about the depth in which UHI and global warming is 

analysed. If one of the two aspects, that consist urban warming, is not analysed enough and 

supported by many particular studies, then the recipients of this master thesis would be able to 

know the limitations under which the results of this paper are valid. The literature review will 

contribute significantly to establish the existing knowledge in the built environment, climate 

change and its effect on energy power demand, the achievement of desired thermal comfort 

within buildings and essential factors that it is affected by.  
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Building energy and indoor climate simulation based on a case study building 

This case study is going to examine the impact of climate change on building energy power 

demand and indoor climate conditions. A recently constructed residential building in the region 

of Stockholm is selected as the case study building. Thus, conducting an energy performance 

simulation of the building with the current climate file of Stockholm, will provide reliable 

results regarding its energy needs as well as the achievement of occupants thermal satisfaction. 

Moreover, environmental goals regarding the CO2 emissions and other air pollutants emitted 

by heating and cooling energy applications can be verified. Furthermore, a future climate file 

will be applied on the energy simulation of the same building in order to examine how much 

more energy is needed for space cooling and space heating. In addition, it will be tested if the 

same level of thermal satisfaction is provided to its occupants. Therefore, the impact of climate 

change on building energy performance and its indoor climate will be quantified through these 

simulations with the building energy simulation tool IDA-ICE. 

Limitations  

The specific study research is limited in time to 20 weeks, which is the time framework of 

a master thesis. The short time perspective gave the possibility to study, simulate and make 

conclusions only one study case of a typical modern building in the area of Stockholm, even 

though more cases of different types of buildings could increase significantly the validity of 

the research. Secondly, the research is limited geographically in the Scandinavian area, 

particularly in Stockholm. In order to study the impact of climate change on building energy 

consumption and indoor climate conditions, a wider geographically research would produce 

more accurate and widely applicable results. The impact of climate change on outdoor 

temperatures varies from area to area and from country to country, according to their 

geographical latitude and altitude. Therefore, it is expected that the impact on the built 

environment will be different as well. Consequently, the results of this research give an 

indication for the northern countries of Europe, but probably may be different and diverge for 

countries in central or southern Europe. 
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CHAPTER 2 

 

CLIMATE CHANGE 

2.1 Background 
The issue of climate change has been one of the most concerning political, ethical, economic 

and social issues since the mid of the 20th century. The Intergovernmental Panel on Climate 

Change (IPCC) released its first report in 1990, indicating clearly the major risk of extensive 

climate changes across the globe, due to the raised greenhouse gases emissions (GHG). It is 

scientifically proven that human activities are the most serious cause of climate change and 

that those possible future changes arise dangerous threats to human society and the natural 

ecosystem. According to the IPCC, the massive anthropogenic greenhouse gases emissions 

over the last decades of the 20th century are the main reason for the increase of average global 

temperatures.  

Therefore, there have been many political, governmental and scientific initiatives since then 

on decreasing these emissions and reducing the pace of climate change. According to the 

Swedish Commission on Climate and Vulnerability (2007), the United Nations Framework 

Convention on Climate Change (UNFCCC),  was established in 1992 and Sweden introduced 

as well a carbon dioxide tax policy. Another political milestone during the 20th century aiming 

towards the mitigation of climate change worldwide, is the Kyoto Protocol. The Kyoto Protocol 

is an international agreement linked to the UNFCCC, which commits its parties by setting 

internationally binding emission reduction targets. Developed countries are obligated to take 

more drastic and extensive measures according to the protocol, because it is widely accepted 

that they are more responsible for the current high levels of greenhouse gases emissions as a 

result of their extensive industrial activities. The Kyoto Protocol was signed on 11 December 

1997, entered in force in 2005 and the first commitment period applies between 2008 and 2012. 

The EU is handling the issue of climate change with high priority and has set an objective of 

reducing global warming to no more than 2oC above pre-industrial temperatures. Sweden is 

also really working intensively towards the mitigation of climate change. According to the 

Swedish Commission on Climate and Vulnerability (2007), GHG were reduced by 4 percent 

from 1990 levels to the average for the period 2008-2012 and the Swedish National Board of 

Housing, Building and Planning (Boverket) is setting new environmental goals in the built 

environment for the coming years.  

Consequently, it is clear that all parties are working together towards the reduction of 

emissions, as they determine the scale of the climate change in the forthcoming years. Due to 

the intensive anthropogenic industrial activities GHG emissions are predicted to be in historical 

high levels the next 20-30 years. Climate change will have impact on social, economic, health, 

environmental and on the built environment related issues. Thus, a reduction in vulnerability 

to extreme weather conditions, that may appear in the coming years (e.g. raised average 

temperatures, floods, increased precipitation etc) is a high priority issue, that demands the 

cooperation and reappraisal in many different disciplines.  

2.2 Definition of climate change  
According to the IPCC (2007) climate change refers to “a change in the state of the climate 

that can be identified by changes in the mean and/or the variability of its properties, and that 

persists for an expected period, typically decades or longer. It refers to any change in climate 



Chapter 2                                                                                                       Climate change 

 
 

 
7 

 

over time, whether due to natural variability or as a result of human activity.” However, this 

definition differs from the definition of climate change according to UNFCCC, which defines 

climate change as “a change of climate which is attributed directly or indirectly to human 

activity that alters the composition of the global atmosphere and which is in addition to natural 

climate variability observed over comparable time periods.” 

Regardless, the definition that each scientist decides to use it is commonly acceptable right 

now that governments and scientists have to cooperate effectively in order to mitigate the 

impacts of climate change on the human and natural environment.  

2.3 Raise on average surface temperatures 
Many parts of the global climate are changing, but the most dominant and clear aspect is the 

global raise of average temperatures on the earth’s surface. Many pertinent and accurate 

measurements have proven that global temperatures have risen about 0.6oC since the beginning 

of the 20th century, with about 0.4oC of this temperature increase happening since the 1970s 

(Hulme et al. 2002). In addition, 1998 was the warmest year on the records, while 2001 was 

the third warmest year on records. Moreover, according to Hulme et al. (2002), the 1990s was 

the warmest decade during the last century and it is likely that the last century was the warmest 

century in the last millennium. All the above information is verified through the below figure.  

 
Figure 2.1 The observed increase in global average surface temperatures over the 20th century, Source: 

National Oceanic and Atmospheric Administration (NOAA) 

This increase in mean surface temperatures can be attributed to many different causes, many 

by human activity and many simply natural reasons (i.e. changes in the energy output of the 

sun, volcanoes explosions etc). However, according to Hulme et al. (2002), the natural causes 

have minor role in temperatures increase and the most important reason is caused by human 

activities over the last century.  

Over the last two centuries, human activities have been intensified and also affected climate 

conditions.  Human activities such as burning fossil fuels for transport, energy generation and 

other purposes, in combination with an increase in deforestation and agriculture have 

significantly contributed to the acceleration rate of the climate change. It is obvious from the 
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figure 2.2 that the most contributing factor to the increase of CO2 over the last 50 years is the 

burning of fossil fuels. 

 

 
Figure 2.2 Global annual CO2 emissions, Source: IPCC (2007) 

 The most severe greenhouse gas from human activity is carbon dioxide. Emissions of 

carbon dioxide derive mainly from the combustion of fossil fuels such as coal, oil and natural 

gas, as well as from deforestation. Since the mid of 19th  century, carbon dioxide concentrations 

in the atmosphere have increased from around 280 ppm in 1850 to 379 ppm in 2005. Increased 

CO2 emissions in combination with the concentration raise of other air pollutants in the 

atmosphere, such as methane, sulphur dioxide, nitrogen oxides, and ozone in the lower 

atmosphere, trap more energy in the lower layers of the atmosphere, which cannot be reflected 

back to the space, and thus raise of temperatures occurs. The next pie chart demonstrates the 

relative contribution of each greenhouse gas to global warming over the next 100 years.  

 

 

 
Figure 2.3 The relative contribution of current emissions of greenhouse 

gases to global warming over the next 100 years, Source: IPCC (2014) 
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According to the Swedish Commission on Climate and Vulnerability (SOU, 2007), Europe 

faced up with a prolonged heatwave for two weeks in August 2003. Studies have shown that 

over 33,000 people died as a direct consequence of the heat in France, England, Wales, the 

Netherlands, Spain, Italy and Portugal. For the whole of summer 2003, the number of heat 

related deaths in Western Europe is calculated to over 44,000 people. 

2.4 More intense precipitation   
Although precipitation is not so easy as temperatures to summarize it for the whole country 

and predict a long-term trend, it is statistically proven that annual global land precipitation 

increased by 2% since the beginning of the 20th century. However, this increase is neither 

temporally nor spatially uniform across the globe. For the Northern Hemisphere countries, with 

mid to high latitude, the increasing pattern is much more intense and noticeable.  

During the last century, annual precipitation over Northern Europe has increased between 

10% and 40%. The most affected areas of this increased precipitation seem to be Western 

Russia and Scandinavia. According to many research studies, the increasing trend in 

precipitation over the Northern hemisphere land areas will continue to a rate of 1% to 2% per 

decade.  

2.5 Sea-ice amounts decrease – Sea levels increase  
According to Hulme (2002), the average global sea level increased by 1.5mm per year 

during the 20th century. It is believed that the raise in global average surface temperatures in 

combination with the short and heavy rainfalls contribute significantly to the raise of sea levels. 

Another important factor of the sea level raise is attributed to the melting of sea ice amounts 

(e.g. Greenland and the Antarctic ice sheets). The rise pace was almost twice as fast during the 

period 1993−2003 as it was over the past 40 years. The increase in the rate of the rise can be 

attributed primarily to the increasing expansion of the seawater due to global warming. This 

can be verified by figure 2.4.  

 

 
Figure 2.4 Global sea level raise between 1880-2020, Source: Coastal tide gauge records, NASA (2019) 

According to the Swedish Commission on Climate and Vulnerability (2007), the sea levels 

will continue to raise and this increasing trend will be in compliance with the amount of GHG 

emissions (as it happens in the increase of precipitation as well). A moderate scenario predicts 

a global average rise between 18 cm and 38 cm, while the scenario with the highest GHG 

emissions predicts a global average rise between 26 cm and 59 cm for the next 100 years. 



Chapter 2                                                                                                       Climate change 

 
 

 
10 

 

However, scientists highlight that these assumptions have not included the possibility that the 

deglaciation processes of sea-ice amounts in Greenland and Antarctica may become more 

intense and fast as a consequence of the greenhouse phenomenon and the increased global 

average temperatures. The melting of these glaciers could cause a further rise in sea levels 

possibly during this century, particularly during late summer to early autumn. The increase is 

expected to continue for many centuries, even if concentrations of GHG are reduced. 

Furthermore, it should also be mentioned that the sea level increase is not spatially uniform 

across the world’s seas. According to IPCC (2007), it is calculated that in the Baltic Sea and 

the North Sea, the sea level rise is projected to be between 10 and 20 cm greater than the global 

average. 

2.6 Climate change in Sweden  
As described in the previous chapters, it is beyond doubt that climate changes and will affect 

environment, human societies, economy and biodiversity. On the other hand, while the term 

global warming represents the intensive climate change that occurs across the globe, many 

individual climate changes are expected to happen on the scale of individual land areas and 

countries (Aisheh, 2010). The local geographical and weather conditions of each country 

determine in a significant way the extent of the future changes in its climate conditions.   

Sweden’s location close to the North Atlantic and the predominantly westerly winds give it 

a relatively mild climate during the winter for its northerly latitude, due to important maritime 

influence. So despite its north latitude, Sweden still retains warm continental summers. 

However, the shifting low pressure areas give variable weather conditions from day to day and 

from year to year. The climate is categorised as temperate moist, in the coastal areas of the 

south warm temperate and in the majority of the country cold temperate, with lasting snow 

cover generally occurring during the winter. The low pressure areas define the climate with 

high amounts of precipitation, that occurring during all the year. The areas with the highest 

rainfall quantities are the western land areas of the country and the mountains at the borders 

with Norway. However, long dry seasons can occur when a high-pressure area pushes the low 

pressure areas north or south of Sweden. (SOU, 2007). Therefore, depending on the exact 

location of a region within Sweden, many complex and different climate changes are expected 

to be noticed regarding the average surface temperatures, precipitation, sea levels and snow 

cover.  

2.6.1 Sweden climate change scenarios 
As described in the previous chapters, it is obvious that humanity today has to face 

drastically the upcoming climate change and mitigate its impacts on human health, 

environment, biodiversity, economy and social life. Although, that climate change is an 

ongoing procedure, the precise nature and development of this change remains still highly 

uncertain, due to mainly three reasons (Hulme et al., 2002; Jenkins et al., 2009): 

• The natural climate variability. Natural climate variability consists of two parts, the 

natural internal and the natural external processes. Natural internal processes can be 

the interactions between the oceans and the atmosphere, which cause changes to 

climate from year to year. Natural external processes can be changes in the Earth’s 

tilt and orbit around the sun, consequently affecting also the receiving energy from 

the sun or the concentration of particles in the atmosphere from volcanic eruptions. 

• Difficulties and uncertainties in understanding the Earth’s system processes and their 

incomplete representation in climate models. 
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• Thirdly and the most important factor is the uncertainty in future GHG emissions 

and other air pollutants. The industrial and technological development of societies, 

the development of economy, the population raise and the burning of fossil fuels 

determine significantly the raise rate of GHG emissions. Therefore, the raise pace of 

GHG emissions and other pollutants as well as the response of the climate to these 

emissions determine how the human activities change the climate. 

Natural external processes cannot be predicted, as there is no secure way to forecast changes 

in the Sun’s or volcanoes activities. Therefore, only natural internal processes regarding the 

variability in climate and future GHG emissions and the response of climate to those emissions 

can be studied, forecasted and included in the future climate models that are going to be used 

during this master thesis. GHG emissions can be described using several different scenarios, 

that depend on various assumptions about how the world’s population, economy and energy  

technologies will develop. The second factor, the climate system response to those emissions 

and the resulting regional climate change can be represented by the use of global and regional 

climate models. 

Towards this aim, the Intergovernmental Panel on Climate Change (IPCC) has developed a 

noticeable procedure since many decades before, by producing and suggesting the use of future 

emission models to forecast the impacts of GHG emissions on climate change. IPCC presented 

its fifth Assessment Report (AR5) regarding climate change on the 27th September of 2013. A 

large part of the report’s content is based on the calculation methodology of the latest climate 

models for the development of the climate in the future. The calculations are based on a new 

set of parameters for climate impact. They describe four different development scenarios for 

future concentrations of greenhouse gases, aerosols and other pollutants particles. Thus, all the 

scenarios are based on the effort of limitation of GHG emissions for the coming years.  

These emission models are known as RCPs, which is an abbreviation meaning 

“Representative Concentration Pathways”. RCPs are possible pathways for the radiation drive 

with the common name "representative concentration pathways". The RCPs are named after 

the level of radiation drift achieved in 2100. Different radiation drives correspond to different 

increases in greenhouse gas concentrations in the atmosphere. Radiative forcing (RF) or the 

radiation drift is the difference between how much energy the solar radiation that hits the earth 

contains and how much energy the earth radiates into space again. The total radiation drive is 

determined by the "positive" driving effect from greenhouse gases as well as by the "negative" 

driving effect from aerosols. Positive radiation drive means that the earth surface is heated, 

while negative radiation drive means that it is cooled down. The dominant factor is the positive 

radiation drive from more carbon dioxide and other long-lived greenhouse gases. As the 

radiation drift increases, the global temperature rises. RF is expressed in Watts per square metre 

(W/m2). RF is estimated from the change between 1750 and 2011, referred to as ‘Industrial 

Era’, if other time periods are not explicitly stated. (IPCC, AR5, 2013). 

 There are two important features of the RCPs. The word "representative" expresses that 

each individual RCP represents a larger set of scenarios. Together, the RCPs must be 

compatible with the range of emission scenarios that exist, both with and without active climate 

policy. The term "development paths" emphasizes that the purpose of the RCPs is not only to 

describe radiation driving levels in 2100 but also the time course until then. There are also 

simpler calculations that extend after 2100. 

For instance, RCP4.5 means that the concentration of greenhouse gases in the atmosphere 

generates a radiation drive of 4.5W / m2 in 2100, compared to pre-industrial level. The 

greenhouse gas content in the atmosphere rises to 2100 to 630 ppm carbon dioxide equivalents, 
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of which just under 540 ppm is from carbon dioxide emissions. The rest is made up of other 

factors, converted to carbon dioxide equivalents. 

Therefore, IPCC has provided during the Physical Science Basis (AR5), four different 

emission scenarios regarding the future GHG emissions in the atmosphere. This new set of 

scenarios, know as RCPs, can provide useful data o how GHG emissions in the future will 

affect the global and regional climate. RCPs typically include economic, demographic, energy 

and policy components that affect directly and indirectly the future emissions of GHG, aerosol 

particles and other pollutants that have an impact on climate.  Thus, below follows a brief 

description of the four different emission scenarios that were provided by IPCC during the 

AR5. 

 

 

RCP2.6 - carbon dioxide emissions culminate around 2020 

• Even more powerful climate policy. 

• Low energy intensity. 

• Reduced use of oil. 

• The Earth's population is increasing to 9 billion. 

• No significant change in the area of pasture. 

• Increase in the area of agricultural land due to bioenergy production. 

• Emissions of methane are reduced by 40 percent. 

• Emissions of carbon dioxide remain at current levels until 2020 and then culminate. 

Emissions are negative in 2100. 

• The content of carbon dioxide in the atmosphere culminates around 2050, followed 

by a moderate decrease to just over 400 ppm in 2100. 

 

RCP4.5 – CO2 emissions increase by 2040 

• Powerful climate policy. 

• Lower energy intensity. 

• Extensive forest planting program. 

• Lower area requirements for agricultural production, partly as a result of larger 

harvests and changed consumption patterns. 

• Population: slightly below 9 billion. 

• Emissions of carbon dioxide increase somewhat and culminate around 2040 

 

RCP6.0 – CO2 emissions increase by 2060 

• Great dependence on fossil fuels 

• Lower energy intensity than in RCP 8.5 

• The arable land area is increasing, but the pastures are decreasing 
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• The population is increasing to just under 10 billion 

• Stabilized emissions of methane 

• Emissions of carbon dioxide culminate in 2060 at a level that is 75 per cent higher 

than today and then decrease to a level of 25 per cent over the current day. 

 

RCP8.5 - continued high emissions of CO2 

• Carbon dioxide emissions are three times more than day at 2100. 

• Methane emissions are increasing sharply. 

• The population of the earth is increasing to 12 billion, leading to increased claims 

for pasture and agricultural land for agricultural production. 

• The technology development towards increased energy efficiency continues, but 

slowly. 

• Great dependence on fossil fuels. 

• High energy intensity. 

• No additional climate policy. 

As it is clear from the above, RCP2.6 provides the lowest possible CO2 emissions in the 

future while RCP8.5 is the most resilient towards CO2 emissions, particularly projecting triple 

GHC emissions than the current levels in the atmosphere. Figure 2.5 demonstrates the CO2 

emissions for each different RCP scenario. In addition, it is showed the average temperature 

raise for the coming years until 2100 for each RCP scenario. 

 
Figure 2.5 CO2 emissions according to RCPs scenarios, Source: IIASA RCP Database (2018) 

Finally, Table 2.1 concentrates and represents important information regarding the four 

RCPs scenarios. For each different scenario, Table 2.1  provides projected calculations about 
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changes in global mean surface air temperature and raises in the global mean sea level. 

According to the AR5 of IPCC (2013), the projections of Table 2.1 include all the uncertainties, 

that were described in the beginning of the chapter, and could affect their confidence and 

reliability. 
 Scenario 2046-2065 2081-2100 

Global mean surface 

temperature change 

(oC) 

RCP2.6 1.0 1.0 

RCP4.5 1.4 1.8 

RCP6.0 1.3 2.2 

RCP8.5 2.0 3.7 

 Scenario   

Global mean sea level 

rise (m) 

RCP2.6 0.24 0.40 

RCP4.5 0.26 0.47 

RCP6.0 0.25 0.48 

RCP8.5 0.30 0,63 

Table 2.1 Projected changes in global mean surface air temperature and in global sea level, Source: AR5, 

IPCC (2013) 

2.6.2 Raise of mean air temperature  
Figure 2.10 is a characteristic example of how global warming affects the climate as well in 

Sweden. The red bars demonstrate temperatures over average, the blue ones show temperatures 

below average and the black line represents a 10-year moving average. Thus, climate in 

Sweden has been relatively warm over the past 75 years, particularly since 1930. There has 

been an increasing trend in average surface temperatures since 1930 and continuing up to today. 

Particularly, since the end of the 20th century this increasing trend remains stable, with as a 

result 2015 was the warmest year in Sweden. On the other hand, series of extremely cold 

winters (blue bars) also occurred between 1860 and 1880. including also the winters of 

1940−42 and 1985−87. However, after 1987 temperatures raised significantly and cold winters 

are right now absent. At this point, it has to be noticed that the below figure represents only 

regional variations in Sweden, in compliance with its local weather and geomorphological 

conditions, but is has nothing to do with the global climate change. For instance, the cold period 

that occurred in Sweden in 2010 was just an example of a regional variation since 2010 was 

one of the warmest years globally.  

 

 
Figure 2.6 Average annual temperatures in Sweden between 1860 and 2015, Source: SMHI (2015) 
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One of the most severe impacts of climate change is the raise of mean air temperature, 

creating so the risk of overwarming especially during summers. The increase of air temperature 

is the product of many different factors (i.e. the location of the area which is studied, its 

geomorphological traits, the season that is referred to, the RCP scenario that is selected etc). 

Therefore, in this study case the building, that is investigated, is located at Stockholm and as a 

future climate change scenario, the RCP 4.5. climate change scenario is selected as the 

“medium” case of climate changes scenarios, according to [48]. Then, by adopting these 

parameters, the official website of SMHI provides useful diagrams that show the estimated 

change of mean air temperatures for different seasons.  

The following diagrams show the estimated change of average air temperature (°C) in 

Stockholm County during the years 1961-2100 compared to the statistical data gained from 

different meteorological stations (between 1961-1990). The bars show historical data gained 

from observations, red bars show temperatures that are higher than mean and blue bars 

temperatures lower than mean. The black curve shows an average raise tendency for scenario 

RCP 4.5 for the following years. The gray bar shows the range of fluctuation between the 

highest and lowest values that SMHI predicts. 

 

 
Figure 2.7 Estimated change in winter’s average air temperature in Stockholm compared to 1961-1990,  

RCP 4.5,  Source: SMHI (2015) 

 

Figure 2.8 Estimated change in spring’s average air temperature in Stockholm compared to 1961-1990,   

RCP 4.5,  Source: SMHI (2015) 
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Figure 2.9 Estimated change in summer’s average air temperature in Stockholm compared to 1961-1990,  

RCP 4.5,  Source: SMHI (2015) 

 

Figure 2.10 Estimated change in autumn’s average air temperature in Stockholm compared to 1961-1990,  

RCP 4.5,  Source: SMHI (2015) 

Therefore, from the four previous diagrams it is clear that the change in the mean air 

temperature is dependent on the season that is studied. For instance, it is predicted that in 2070 

the mean air temperature will increase by almost 4oC while in summer it is predicted to increase 

by 2oC. For autumn and spring, the same increase seems to be predicted and it is slightly above 

2oC. Therefore, it is urgent need to create and adopt an universal future climate file, that will 

be used independently of seasons fluctuations for a homogenous energy analysis of premises 

in the area of Stockholm.  

2.6.3 Heat waves  
According to the report FAKTABLAD NR. 49 (2011) of the Swedish Meteorological and 

Hydrological Institute (SMHI), Sweden was not usual to extremely hot temperatures during 

the past in contrast with the southern countries of Europe. However, recent researches have 

shown that warm periods tend to increase as well in Sweden and lead to raised mortality once 

the people are not adapted to those warm temperatures. Heat wave is usually used as a vague 

term for a longer time period with warm conditions. However, there are many different 

definitions provided by several organizations on heat waves. According to the World 

Meteorological Organization (WMO), heat wave is defined as a continuous period at which the 
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maximum day temperature exceeds 25oC for at least 5 days in a row. The same definition is 

accepted also by SMHI. However, another study from the Umeå University, claims that heat 

waves occur when the maximum day temperatures are over 24 oC for 2 or more consecutive 

days. Finally, the National Board of Health and Welfare in Sweden defines heat waves as the 

weeks when an observed average temperature is above the expected average temperature. 

Therefore, it is obvious that there are several different definitions on heat waves, but it is a 

clear s well that these phenomena are going to affect Sweden in the coming years with various 

consequences on society, environment, humans and economy. 

Studies also show that the length of heat waves is a determining factor for their effects on 

human health. According to SMHI, the length of a heat wave in Sweden between the period 

1961-2010 was around 5 days. This is demonstrated also in the below figure.  

 

 
Figure 2.11 Average of the longest period of days in a row with temperatures over 25oC, Source: SMHI 

(2011) 

However, heat waves are not the same in all countries and climate zones. Sweden is a cold 

country and their habitants are adapted to cold conditions. Therefore, the effects of a heat wave 

are felt more severely at colder climates than in countries adapted to heat. Another important 

factor is the air humidity of each climate. Climates with higher amounts of air humidity are 

affected more by the occurrence of a heat wave than a climate with lowe humidity. Finally, the 

possibility of people in a region to find coolness in the form of parks, of green areas and 

generally air-conditioned spaces can reduce significantly the consequences of extreme hot 

periods.  

In figure 2.11, if the periods 1960-1990 and 1991-2010 are compared then it is clear that 

there is an increasing tendency in the length of heat waves (e.g. in the period 1960-1990 the 

length of a heat wave is around 5 days while in period 1991-2010 it is around 7 days). The 

years with the longest heat periods appear between 1991-2010 (i.e. 2002, 2003, 2005 and 2006) 

verifying the scientific predictions that heat waves are going to be longer and warmer in the 

future. This is demonstrated in the following figure 2.12, where the heat wave length period is 

represented between 1991-2013 and 2069-2098. The projection for years 2069-2098 is made 

upon the climate change scenario, RCP 4.5. It is observed that between 1991-2013 the duration 
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of heat waves in Stockholm is around 6-10 days, while between 2069-2098 it is predicted to 

raise up to 14-18 days. 

 

 
Figure 2.12 Average heat wave length period between 1991-2013 and 2069-2098. Source: SMHI (2015) 

2.6.4 The hot summer in 2018 in Sweden 
A reminder of the extremely high daily temperatures is the summer in 2018 that occurred in 

Sweden, with a long heat wave period and when air temperatures were around 30oC for many 

consecutive days. The household air conditioning equipment and table fans were totally sold 

out in the whole country after a few days in the heat wave period. This kind of heat wave period 

is assumed in this report to be a normal period in the future, that will affect human health and 

the built environment as well. The following figure represents eight different date groups, that 

each group is a four-day weather forecast for the whole country. Days with average daily 

temperatures over 25oC are marked with red squares. On the left column of the figure, it is 

shown the areas of the country where the weather was forecasted.  
 

Weather forecasted area 4-7 July 
9-12 

July 
14-17 

July 

19-22 

July 

24-27 

July 

29-31 

July 

4-7 

August 
9-12 

August 

  
Figure 2.13 Average daily outdoor temperatures across Sweden during summer 2018, Source: SMHI, 

Dagens Nyheter (2019) 
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In the next figure coming from SMHI’s official website, it is demonstrated the increase in 

daily mean air temperature (i.e. the left picture) across the whole country. The increase in the 

daily mean air temperature during the summer was between 2.5 to 3.5oC in the southern half 

of Sweden and 1,5 to 3,0 oC in the northern part of the country. In addition, in the right picture 

it is represented the number of days with a maximum day temperature over 25oC (i.e. the high 

summer days). For the southern part of the country it was estimated between 25-50 days, for 

the south inland between 30-50 days, the west coast had an average of 15-25 days in contrast 

to the east coast with 30-45 days while the Northern Sweden had just 5-30 high summer days.  

 
Figure 2.14 Increase in daily mean air temperature during summer 2018 in Sweden (left picture). Number of 

high summer days during summer 2018 in Sweden (right picture), Source: SMHI (2019) 

2.6.5 Heating degree hours  
The Rossby Center is SMHI’s research unit for climate modelling. The Rossby Center has 

developed many climate models including meteorological, oceanographic and hydrological 

aspects. Those models include climate simulations and climate maps that describe the climate 

in the past, today and its possible development in the future. At the following figures, it is 

shown how the heating degree hours, which is a measure of the demand for heating energy, 

will  affect the energy demand for heating in buildings the coming years. Thus, according to 

the following maps the southern areas of Sweden will occur a decrease in the number of days, 

that demand energy for space heating, from 3000-3500 hours to 2500-3000 hours. At the 
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middle part of Sweden, the days with heating energy demand will be reduced from 3500-4500 

to 3000-4000 hours and at the north part of Sweden they will fall from 6000 to 5000 hours. 

Therefore, the climate change that will occur at the next years will cause a decrease in the 

energy demand for space heating by 25% depending on location in Sweden.  

 
Figure 2.15 Number of hours that demand energy for space heating between 1961-1990 (left picture) and 

between 2011-2040 (right picture) across Europe for RCP 4.5, Source: SMHI (2007) 

2.6.6 Tropical nights 
In addition, many surveys executed by SMHI show that night temperatures during heat 

waves will be increased. A typical tropical night is defined as a night, when the minimum 

temperatures never follow below 20 oC (SMHI, 2011). These nights, according to the report 

“Buildings in changing climate” (SMHI,2007), are going to increase in the next 50 years across 

the whole Europe, as well as in Sweden. This means increased demands in cooling energy and 

raised temperatures for the occupants of buildings even in night. Increased temperatures expose 

vulnerable people to risks. In Europe and countries in east of Mediterranean over 40% of people 

above age of 65 is vulnerable to extreme heating conditions. According to SMHI,  recent 

surveys show that long heat periods leads to increased mortality even in Sweden.  

Furthermore, comparing the periods 1960-1990 and 1991-2010 in figure 2.16, it is proven 

that nights are getting warmer during heat waves between 1991-2010 than between 1960-1990. 

 
Figure 2.16 Average of the year's highest daily minimum temperature, Source: SMHI (2011) 
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Moreover, figure 2.17 demonstrates that the number of tropical nights is about to increase 

between 1961-1990 and 2041-2070. In the Stockholm city, the number of tropical nights was 

around 3 nights between 1961-1990, while in the forecasted period 2041-2070 the number of 

tropical nights in the same region is predicted to increase to 20 nights. This means raised 

temperatures even in the nights and that the occupants could not recover by the high day 

temperatures during the nights. Thus, heat waves in combination with tropical nights will create 

extreme unusual hot weather conditions for the habitants of Stockholm.  

 

 

Figure 2.17 Number of tropical nights between 1961-1990 (left picture) and between 2041-2070 (right 

picture) across Europe for RCP 4.5, Source: SMHI (2007) 

 

2.6.7 Increased precipitations 
Another evidence of changes in the Swedish climate is the increase of annual precipitations 

across the country. According to the Swedish Meteorological and Hydrological Institute 

(SMHI), by the end of the 21st  century the average annual precipitation will be 20-60% more 

than for the period 1961-1990, depending on how much GHG emissions are released. Short 

intensive rain causes high flows mainly in small watercourses, with as a result the occurrence 

of floods. In addition, more prolonged periods of rain increase the flows in large watercourses 

and lakes. The construction of settlements and infrastructure projects near watercourses, lakes 

and coasts contains an increased risk of flooding, with major consequences for the habitants 

and human health. 

Figure 2.18 illustrates the measured average annual precipitation in Sweden between 1961-

1990, according to a survey of SMHI. Precipitation shows a clear gradient from west to east 

land areas of Sweden, with the heaviest precipitation occurring at the western parts and at the 

mountains while the southeast coast of Sweden receives the smallest precipitation. According 

to the Swedish Commission on Climate and Vulnerability (2007), the average annual 

precipitation at the country is around 600-700 mm per year. At the western parts of the country 

and at the mountains with the Norwegian borders the average annual precipitation can reach 

up to 1500-2000 mm per year. The eastern coasts of the country are the least affected areas by 

rainfalls, with average annual precipitation just under 400-500 mm per year.  
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Figure 2.18 Climate map that demonstrates the measured average annual precipitation in Sweden between 

1961-1990, SMHI (2009) 

Figure 2.18 demonstrates the average annual precipitation in Sweden between 1860 and 

2015 and proves emphatically that since 1975 the average rainfall in Sweden has increased. 

Based on the figure 2.7 it can be seen that the mean precipitation was lower than 600 mm up 

to 1920. Between 1920 and 1980 it was approximately 600mm, while after 1980 it is very 

uncommon to find annual rainfall values lower than 600mm. In addition, it has to be mentioned 

here that the diagram in figure 2.7 is based on measurements from 87 stations across the whole 

country, but there are no stations on the mountains at the Norwegian borders where the heaviest 

precipitation occurs. Therefore, the mean average values for annual precipitation represented 

in figure 2.15 is slightly lower than the actual ones. According to the predictions of SMHI, the 

average annual precipitation will continue to increase and by the end of the 21st  century be 

20-60% higher than for the period 1961-1990, depending on how much GHG emissions are 

released.  

In addition, increased precipitation causes higher flows and increased risk of floods 

occurrence. Many areas in Sweden have suffered by floods since 2000. According to SOU 

(2007), Värmland, Dalsland and Västra Götaland were hit in autumn 2000 and winter 2001 by 

prolonged periods of rain. During the severe flooding of autumn 2000 and winter 2001 in 

Värmland and Västra Götaland, it was estimated that river flows were at their highest in 200 
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years. Other examples include the extensive rainfall that affected southern Norrland in summer 

2000, Orust in summer 2002 and Småland in summer 2003 and 2004.  
 

 

Figure 2.19 Average annual precipitation in Sweden between 1860 and 2015, Source: SMHI (2015) 

Finally, regarding the increased and prolonged rainfalls, it has to be highlighted that 

precipitation can vary a lot from season to season. This means that there is a wide range of 

several development scenarios in the future, respective to the season that is studied as well as 

the limit of the GHG emissions. Figures 2.19 and 2.20 demonstrate the differences between 

rainfalls during winters and summers in Sweden. It is clear from the two figures that 

precipitation during summers is heavier than in winters. 

 

 
 Figure 2.20 Average summer precipitation in Sweden between 1860 and 2015, Source: SMHI (2015) 
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Figure 2.21 Average winter precipitation in Sweden between 1860 and 2015, Source: SMHI (2015) 

2.6.8 Increase in relative humidity 
High humidity combined with high heat can lead to increased health problems. High relative 

humidity reduces evaporation from the body and thus sweat -cooling effect as well. High 

humidity in combination with heat, has as a result to feel the perceived temperature much more 

higher than the meteorological actual one. In Canada, there is an index called “Humidex” in 

the weather reports, in order to describe how temperature conditions can be felt by humans 

based on the humidity levels of the atmosphere. The index combines air temperature and dew 

temperature point, that is an index of measuring air humidity. In the US, a similar heat index 

to “Humidex” is used based on the air temperature and the relative humidity, called “TEN”, 

describing again the impact of relative humidity on human health. Several countries have their 

own measurement units, that can describe how mean air temperatures can be felt by humans 

affected by the levels of humidity in the atmosphere. Sweden has not yet an index describing 

the impact of relative humidity on the mean air temperature, however projections of SMHI 

state clearly that relative humidity is expected to raise in the future. There are no specific 

measurements indicating the amount of increase in air humidity. However, it is certain that 

increased levels of humidity in the future will make hot weather feel much, much worse and 

the needs of energy for space cooling will be increased as well. In this research, the levels of 

air humidity are assumed stable both for today and in the future, due to the lack of specific 

projections about the percentage of relative humidity increase. 

2.6.9 Solar radiation 
According to SMHI’s official website, the solar radiation  that reaches the ground surface 

and the building stock is of great importance for, among other things, the air temperature and 

evaporation. SMHI has currently observed only the incoming components of the solar 

radiation, which are global radiation and long-wave radiation. However, only the global 

radiation has been observed for a long time and reliable results can be provided by a number 

of stations across the country.  

The total amount of solar radiation that hits the ground surface is called global radiation. 

Thus, global radiation is the sum of the radiation directly from the sun and the diffuse radiation 

from the other celestial orbits, that is, solar radiation scattered by the particles of the atmosphere 
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or reflected by clouds. SMHI has series of measurements of global radiation since 1983. The 

average annual and seasonal global radiation presented here are averages calculated over eight 

stations. The stations included in the analysis are Kiruna, Luleå, Umeå, Östersund, Karlstad, 

Stockholm, Visby and Lund. The graphs of global radiation show annual or seasonally 

accumulated values with the unit kWh / m². Since the mid-1980s until about 2005, annual 

global radiation has increased by almost 8% in Sweden. Similar tendencies are seen in large 

parts of Europe.  

The two most important factors affecting global radiation are the sun's height and the 

cloudiness. While the change in solar height and day length gives the regular variation over the 

year, the variation in cloudiness gives the variation in annual and monthly values between 

different years. The summer of 1998 was really cloudy, while especially May and July were 

really sunny 2018 in Sweden. Since the vast majority of the annual radiation is obtained during 

late spring and summer, these two years also stand out in the annual statistics. Worth noting is 

that as the cloud decreases so that the global radiation increases, instead the incoming long-

wave radiation decreases and vice versa. Therefore, by studying only the global radiation, it is 

not possible to say how the total positive contribution to the radiation balance at the ground 

surface was affected. Below, three different diagrams follow that represent the annual global 

radiation since 1980 as well as the seasonal radiation for Sweden. The black curve shows a 

smoothed course roughly equivalent to a ten-year running average. 

 
Figure 2.22 Annual global radiation for the whole year since 1983 in Sweden, Source: SMHI (2015) 

 

Figure 2.23 Winter’s global radiation since 1983 in Sweden, Source: SMHI (2015) 
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Figure 2.24 Summer’s global radiation since 1983 in Sweden, Source: SMHI (2015) 

2.6.10 Sea level raise 
Furthermore, another evidence of the climate change, that occurs in Sweden, is the melting 

of sea-ice mostly in the region between the Baltic Sea and Kattegat. SMHI provided recently a 

climate indicator demonstrating the maximum sea-ice extent between the Baltic Sea and 

Kattegat for each year since 1957.  The climate indicator for sea-ice extent represents the size 

of the area covered by sea-ice for the entire region between the Baltic Sea up to and including 

the Kattegat. This region  includes an area of about 420.000 square kilometres. The calculation 

of the ice extent is made from ice maps produced daily by SMHI. SMHI has digitised ice maps 

since 1957 until today. Figure 2.25 demonstrates the decreasing trend in the sea-ice amounts 

over the Baltic Sea, as a result of the global warming. The black line represents a moving 

average while the reduction in the quantities of sea-ice is obvious from the following diagram. 

A period of cold winters with significant ice extent is between 1984-1987 and 2010-2011, when 

almost the whole of the Baltic Sea was covered with ice. However, there is a general decreasing 

trend in the ice cover of the Baltic Sea, with as a result the raise of sea level as well. 

 

 
Figure 2.25 Annual maximal ice extent in the Baltic Sea between 1957 and 2016, Source: SMHI (2015) 
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According to SOU (2007), global sea levels rose by 8 cm during the period 1961 and 2003. 

This increase in sea levels can be explained substantially by the raised globe temperatures that 

lead to the melting of land and sea ice faster than it builds up. Therefore, an expansion of the 

seawater and warming of the oceans are observed. The same increasing trend in sea levels 

prevails in Sweden as well, with many researches showing that the rise in the regions of the 

Baltic Sea as well as the North Sea will be higher about 10-20 cm than the average global 

increase. Figure 2.26 demonstrates the sea level rise in Sweden, measured by 14 different 

stations established along the Swedish coast by SMHI.  

 

 
Figure 2.26 Change in sea level of Sweden since 1886, Source: SMHI (2015) 

 

2.6.11 Wind patterns 
In addition, recent researches conducted by SMHI show that climate change will affect as 

well the year’s maximum wind speed. Since 1960, SMHI record systematically the wind 

direction and speed through a well established automatic station network. The automatic 

stations are relatively uniformly located across Sweden and the traits of winds have been 

measured at the standard height of 10m above the ground. Totally 107 stations across the whole 

country (i.e. stations located at the coastal areas as well as at the mountains) provide every year 

significant results regarding the wind direction and speed.  Reliable results regarding future 

wind speed can be concluded through those measurements.  

The following figure illustrates the wind pattern across the country. The highest values have 

been measured along the coasts (i.e. 25-30 m/s) as well as in the mountains (i.e. above 35 m/s). 

Along the coasts, the land is open, free from obstacles so the wind coming from the sea is free 

to raise up to high values. At the mountains, the topography of the area benefits and leads to 

develop wind along the valleys. Specifically, there have been measured maximum wind speed 

over 45 m/s at these areas. In contrast with the coast and the mountains, at the inland of Sweden 

there is forest and a topography that reduces the wind speed. Therefore, the values are lower at 

the inland and the average annual maximum is just under 25 m/s.  
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Figure 2.27 The year’s maximum wind speed between 1995 and 2014, Source: SMHI (2017) 

SMHI has provided reliable predictions regarding the estimated change in the year’s 

maximum wind speed for the period 2071-2100 compared to the reference period 1960-2010. 

The following map represents the mean value of measurements of an ensemble of nine climate 

scenarios. Thus, the area of Stockholm seems to be unaffected for the 50 coming years in the 

aspect of wind speed and only the north and inland areas of the country will have to deal with 

milder winds, probably 2-3 m/s less than the current winds that occur today. 

 
Figure 2.28 Estimated change of maximum wind speed for the period 2071-2100 compared to 1960-2010, 

Source: SMHI (2017)
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CHAPTER 3 

 

BUILDING SECTOR 

3.1 Background 
Modern human societies are increasingly dependent on energy. Every aspect of modern 

societies, ranging from building premises to transportation, industry and agriculture is directly 

or indirectly dependent on energy use. According to the below figure, the building sector 

accounts for the largest part of energy consumption in Sweden as well as in Europe.  

 

 
Figure 3.1 Swedish energy consumption by sector in 2012, Source: Nordic Energy Research 2012, IEA 

(2012) 

Therefore, reducing energy consumption in buildings can present important results on the 

global energy footprint and in turn many economical and environmental benefits. The long life 

cycle of buildings is a major challenge and contributes to their large energy consumption. A 

typical residential building has a life cycle of 50 years. Therefore, it is urgently important to 

design more environmentally friendly buildings in the near future considering also the climate 

change but as well as retrofitting the existing building stock could provide significant energy 

savings, cost savings and reduced GHG emissions. 
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3.2 Building energy consumption by sector 
In order to achieve reductions on building energy consumption, it is essential to understand 

all the parts that constitute the total energy consumption on a building. In Europe, the most of 

the consumed energy in buildings is used by systems that aim to satisfy the occupants thermal 

comfort, by heating, ventilation and air conditioning systems (HVAC) and by lighting systems. 

In the following figure, it is represented the specific amounts of energy consumed by each 

energy service in a typical residential building in Sweden. Energy consumption by HVAC 

systems  includes the space heating and cooling values as well as the ventilation systems.   

 
Figure 3.2 Energy consumption by sector for commercial buildings in Sweden, Source: Analysis and 

Optimization of building energy consumption, Jun Wei Chuah (2013) 

Heating and cooling includes a wide range of energy systems and applications. In the 

building sector, it includes cooking, water heating, space heating, space cooling and 

refrigeration. Heating and cooling for commercial purposes accounts for a large percentage of 

the total final energy demand. For example, according to the International Renewable Energy 

Agency (IREA), in the EU heating and cooling in buildings accounts for half of energy 

consumption. Therefore, it is obvious that improvements in the heating and cooling energy 

systems of buildings can result in significant energy and cost savings.  

Currently, demand for heating in buildings is further larger than demand for cooling, as 

illustrated in the figure 3.2. However, demand for cooling is constantly increasing, especially 

due to the effects of the global climate change. For instance, according to the EU, by 2030 the 

energy required to cool buildings across Europe is likely to increase by 72%, while the energy 

used for heating buildings will decrease by 30% (The Guardian, 2015). It is estimated that by 

about 2060 the amount of energy used worldwide in cooling will be greater than that used in 

heating buildings (Isaac, M., van Vuuren, D.P., 2009). 

For the new buildings, it is crucial to adopt a correct architectural design that will correspond 

to the future energy needs. According to the report “Buildings in a changing climate” of 

Boverket (2007), the selection of the construction materials as well as the architecture design 
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can lead to cost savings as well as to satisfy the heating and cooling energy needs of the building 

within a warmer climate in the future. Particularly, many residential buildings do not have 

cooling energy systems today, and they are fitted with larger windows than older buildings  as 

well as they are not equipped with sufficient external shading systems. As a result, the 

possibility of overheating of those buildings during the warm periods in a warmer future 

climate is present, leading to thermal discomfort of occupants and increased energy demands 

for cooling. This construction trend contradicts with the current architectural design of 

buildings, that proposes to construct premises adapted in a warmer future climate.  

3.3 Energy requirements in Sweden according to Boverket 
At the end of 1999, the Swedish government assigned the Swedish Board of Housing, 

Building and Planning (Boverket) in order to define specific targets within the construction 

sector as regards as the energy consumption and the environmental consequences. One of the 

focus areas of Boverket’s regulations concerns the energy use in buildings. It is announced by 

Boverket that the total annual energy demand in new buildings should not exceed 60 kWh/m2 

per floor area in 2020. Boverket makes significant efforts in order to establish a national 

building code in order to secure that each building across Sweden will satisfy this demand. 

The valid version of BBR (Boverket’s building rules) is BFS 2011:6 with modifications up 

to BFS 2019:2 , also named ”BBR 27”. The Building Rules have been undergone several 

updates since approximately 15 years back and this is due to the adaption of the Swedish 

Government’s energy goals according to the European Unions energy and climate goals for 

2020. During this period the requirement on building energy use has been more and more sharp. 

The latest BBR sets mandatory overall performance demands for dwellings and non-

residential buildings that depends on the location and type of heating system employed. The 

code outlines prescriptive requirements for the thermal envelope and encourages efficient 

design of the energy consuming systems including HVAC, hot water, lighting, auxiliary 

systems, as well as materials and products. Compliance is achieved through measuring the 

actual energy use of the (occupied) completed building and showing it to be less than or equal 

to the allowable energy frame. 

The latest BBR encompasses many dynamic aspects including low overall u-values 

requirements, mandatory energy measurement, specific fan power requirements, performance 

requirements for buildings undergoing renovation and temporary performance targets for most 

building types in preparation for the nearly Zero Energy Buildings (nZEB) target of 2020. A 

report of the draft Swedish plan for nZEBs was delivered by the Swedish Energy Agency to 

the Ministry of Enterprise, Energy and Communications on 18 October 2010. The report wants 

to keep the energy performance values, expressed as delivered energy per heated floor area, 

since the property owner cannot control how the delivered energy is produced. The proposed 

maximum values for annual use energy per heated floor area are goals for the year 2020.  They 

are more or less half the values in the current Building Code from 1 February 2009. The report 

also contains values for major renovations in 2020. 

The rules for building energy use are found in “BBR 27” chapter 9. The definition of 

building energy use is the annual energy, during a normal year, used for the building property 

in which is included energy for heating, cooling, hot tap water and electricity to property 

common systems as fans, pumps, elevators etc and lights in common spaces. Tenant energy 

such as electricity to the tenants lights, kitchen-ware, TV, computers etc is excluded from the 

building energy according to the Swedish rules. The reason why tenant energy is excluded, is 

to make the buildings comparable since the tenants energy use can differ. On the other hand 
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tenant energy in form of hot tap water shall be included and is done by a key number of 

approximately 25 – 30 kWh/m2 floor area for residential buildings and depending on the 

number of people living in the apartment. The floor area used is the heated floor area (Atemp) 

measured inside the external walls.  

Sweden has three climate zones. Zone I is the north, zone II is the middle and zone III, where 

the examined residential building is located, is the south zone. About 80% of the population 

lives in southern climate zone and less than 10% lives in the northern climate zone. The total 

area of residential buildings in Sweden is around 157 millions m2, while the rest premises 

across the country account for 166 millions m2 (Buildings in a changing climate, Boverket 

2007). Cottages, agriculture properties and small seasonal buildings on the countryside are 

included in the category of residential buildings. These premises account for 2.6 millions m2 

of the total 157 millions m2. Residential buildings are not equipped with cooling systems, thus 

the need of providing them with those energy systems may arise significantly in future warmer 

climate conditions. A reminder is the summer in 2018 with a long heat wave period with air 

temperatures around 30C and where household air conditioning equipment was totally sold 

out in the whole country after a few days in the heat wave period. This kind of heat wave period 

is assumed in this report to be a normal period in future. The examined residential building in 

this project is located in Stockholm, so it is encompassed in the zone III. 

Today, the existing Swedish Building Code (Boverket) contains three regulations 

controlling the energy use when constructing new buildings. The first regulation refers to the 

average thermal transmittance of the building envelope. In addition, there are some general 

directives about considering thermal bridges and air infiltration in the building's envelope and 

about using energy-efficient installations. 

 

Maximum energy performance 

(KWh/m2a) 
Climate zones 

 Zone I - 

North 

Zone II - 

Middle 

Zone III – 

South 

Residential (non-electric heating) 75 65 55 

Residential (electric heating) 50 40 30 

Non-residential (non-electric heating) 70 to 105 60 to 90  50 to 75 

Non-residential (electric heating) 50 to 75 40 to 60 30 to 45 

Table 3.1 Proposed energy performance values for new buildings in Sweden in 2020, Source: Federation of 

European Heating, Ventilation and Air Conditioning Associations 

According to BBR 25 (2017), the building property energy use is corrected by primary 

energy factors which should be multiplied to the different used primary energy demand. The 

case study house in this research is designed for an older version of BBR, where the primary 

energy factors are equal to 1. The use of some primary energy sources is fined, while the use 

of others is encouraged through economical or environmental motivations. The primary energy 

factors are going to besubjected to some adjustments in the coming BBR 28, that is planned to 

be valid from 2021. The change in primary energy factors between BBR 25 and BBR 28 are 

listed below: 
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 Factor value 

Primary energy BBR 25 BBR 28 

Electricity 1,6 1,85 

Domestic Heating 1,0 0,95 

Domestic Cooling 1,0 0,62 

Bio fuel 1,0 1,05 

Oil 1,0 1,11 

Gas 1,0 1,09 

Table 3.2 Different primary energy factors between BBR 25 and BBR 28, Source: Boverket 

As can be seen in Table 3.2,  the use of domestic heating and cooling is strongly encouraged 

in BBR 28, while the use of electricity is punished with a really high primary energy factor. 

This means that the benefit of using heat pumps for heating and cooling is minimized. 

Therefore, buildings that not can be connected to domestic heating and cooling and where heat 

pumps are the only heat source are considered as not effective buildings and are discouraged.  

A geographical factor has also been included in the latest rules to differentiate the country 

in smaller districts, while until today it was divived in three country zones, as indicated in Table 

3.1. The recommended building property energy performance and U-value of the building 

frame are listed in the following table (maximum allowable electrical power for heating in 

buildings smaller than 50 m2 and infiltration flows are not shown): 

 Energy performance 

”EP”,  (kWh/m2) 

U-value, mean value on 

climate shell (W/(m2K)) 

Residential buildings   

Family houses 90 0,40 

Apartment buildings 85 0,40 

Facilities 80 0,60 
Table 3.3 Building property energy performance values and U-values for different types of buildings, Source: 

Boverket 

The building energy performance should be calculated in advance during the design phase 

and should comply with the regulations before a building is given permission by the 

community.   

3.4 Thermal comfort 
Regarding thermal comfort levels, BBR states rules in chapter 6:4. The rules for 

temperatures and draft are only recommendations and not mandatory regulations that should 

be followed strictly. BBR states recommendations for thermal comfort during winter for the 

sizing outdoor temperature, where the directed operative temperature for residentials should 

not be lower than 18oC. The draft during the heating season should not be more than 0,15 m/s, 

while the rest of the year it should not exceed 0,25 m/s. Temperatures in summer are not 

defined, but BBR refers to the Public Health Authority of Sweden (PHAS) as a 

recommendation. However, PHAS is based on the Environmental Law (”Miljöbalken”) and 

the terms of short- and long-term periods of overheating are not clearly defined, so other 

standards are followed during this survey. In addition, the operative temperatures referred to 

PHAS are weighted operative temperatures (i.e. they have been calculated by considering as 

well all the surrounding surfaces that emit heat, and not only the surface by itself).  In contrast 
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to PHAS, BBR defines directed operative temperatures (i.e. examining only the coolest / 

warmest surface). In this research, the definition of PHAS is used as IDA ICE 4.8 provides to 

the user weighted operative temperatures. 

According to Brager et al. (2002), the purpose of ASHRAE Standard 55 ”Thermal 

Environmental Conditions for Human Occupancy” is to specify the combinations of  indoor  

climate conditions  and personal factors that will produce thermal conditions acceptable to 80% 

or more of the occupants within a building. People have been always striven to create a 

comfortable thermal indoor environment since the ancient history to today. Today, creating a 

thermally comfortable environment is one the most crucial parameters to be considered during 

the design phase of a building, considering also that in the coming years the globe will face 

warmer climate conditions and raised ambient temperatures. 

According to ISO 7730, thermal comfort is defined as that condition of mind which 

expresses satisfaction with the thermal environment. However, there are many parameters that 

affect the human sense of thermal comfort. ASHRAE Standard  55  is  currently  based  on  the  

heat  balance model  of  the  human  body,  which  assumes  that  thermal sensation  is  

influenced  by  four  environmental factors  (i.e. temperature,  thermal  radiation,  humidity  

and air speed) and two personal factors (i.e. physical activity and clothing). These six factors 

are the primary factors that directly affect energy flow within a human body and the sense of 

thermal comfort. However, there are many secondary factors affecting the sense of thermal 

comfort (i.e. day to day variations in preferred thermal conditions, age, sex, adaptation, 

seasonal and circadian rhythms). 

Providing comfortable indoor climate conditions (i.e. thermal comfort, visual comfort and 

acoustic comfort) is the high priority of engineers and architects when design and construct 

either a residential or commercial building. The projected climate change that has already 

begun will affect significantly the human thermal comfort within premises as well as the 

thermal performance of buildings. Different individuals have different perceptions, depending 

on the primary and secondary factors that affect the sense of thermal comfort, whether a room 

is too cold or too hot or an intermediate thermal situation. However, the American Society of 

Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) has provided a commonly 

acceptable numerical scale corresponding to the perception of thermal indoor conditions by an 

average occupant. Table 3.2 illustrates this numerical scale. 

Thermal satisfaction Numerical equivalent  

Hot 3 

Warm 2 

Slightly warm  1 

Neutral 0 

Slightly cool -1 

Cool -2 

Cold -3 
Table 3.4 Numerical scale created by ASHRAE corresponding to perception of indoor climate conditions by 

users, Source: American Society of Heating, Refrigerating and Air Conditioning Engineers 

It is estimated that people, especially the most vulnerable (i.e., older adults and individuals 

with chronic disease) spend the majority (80-90%) of their time indoors. This raises important 

concerns about the definition and validity of some healthy requirements that all modern 

buildings should comply with in order to ensure their occupants health. During heat waves, 

high outdoor temperatures can occur for several days in a row and if night temperatures do not 

decrease enough to allow buildings to cool down, the risk of overheating in homes can cause 

many problems regarding the human health. Consequently, many public authorities have 
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proposed different definitions regarding the human health and the temperatures thresholds that 

should be followed by typical residential buildings. 

According to [36], PHAS defines the threshold values regarding human health safety related 

to raised indoor temperatures. BBR refers to these recommendations as well. PHAS defines as 

“long-term periods” of overwarming when the operative temperature exceeds 24C, but no 

more than 26C, and “short term periods” of overwarming when the operative temperature 

exceeds 26C, but no more than 28C. However, PHAS does not define precisely what the 

thresholds for short and long – term periods of overheating are. Consequently, proposed values 

of Healthcare Technical Memorandum from the United Kingdom Department of Health (HTM) 

and the Danish Standard “DS 474:1993” (1993), as they are described below, seem applicable 

and they are assumed during this research. The threshold values are not applicable during heat 

wave periods. 

According to the Passivhaus Institute, overheating in homes is defined as when temperatures 

exceeding over 25oC last for more than 10% of the year.  In addition, according to [32], the 

Chartered Institution of Building Services Engineers (CIBSE) in London, proposes an 

operative temperature of 23-25ºC for living spaces, while residents should not be exposed to 

ambient temperatures of 25ºC for more than 5% of the occupied time and no more than 1% of 

occupied time above a temperature of 28ºC.  

However, the definition that is going to be used during this research comes from HTM.  The 

latter defines overheating as when residents are exposed to indoor temperatures of 28ºC for 

more than 1% of the occupied time of the room between the 1st of June and the 31st of August. 

This definition concerns the short-term periods of overheating that can raise risks for the human 

health. In addition, according to the Danish Standard “DS 474:1993” (1993), the long-term 

periods of overheating as when residents are exposed to indoor temperatures of 26ºC for more 

than 100 hours of the occupied time of the room. Furthermore, they recommend no exposure 

to more than 25h of the occupied time of the room for temperatures over 27oC.  

Public 

authority 
Temperature limits 

 24oC 25oC 26oC 27oC 28oC Comments 
PHAS –  

FoHMFS 

2014:17 

Long-

term 

Long-

term 

Short-

term 

Short-

term  

Not 

accepted 

Applicable only on the 

current weather data 

HTM    22h  Applicable only in summer  

CIBSE  5%   1% Applicable during a full year 

DS 474:1993   100h 25h  Applicable only in summer 

Passive 

House 
 

10% 
  

 
Applicable during a full year 

Table 3.5 Maximum permitted hours of occupancy between 1st of June and 31st of August (summer period)  

complying with human health requirements, Source: PHAS, HTM, TUD, CIBSE, Passive House (2019) 

 

The following tables represent the temperature and PPD limits during summer and winter, 

that will be used as a reference basis in this research.  

Environmental category < PPD max 

Gold 10 

Silver  15 

Bronze 20 

Table 3.6 PPD threshold values for building environmental certification Source: Sweden Green Building 

Council (SGBC), (2019) 
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Public Authority Temperature limits 

Boverket >20oC 

Table 3.7 Minimum permitted indoor temperature between 1st of November and 29th of February (winter 

period), Source: Boverket (2019) 

 

So, the limits that will be assumed in Chapter 5 according to the previous tables are: 

• PPD in summer: 10% 

• PPD in winter:    15% 

• Maximum permitted occupancy hours during summer above 26oC: 100h 

• Maximum permitted occupancy hours during summer above 28oC:   22h 

• Minimum temperature during winter: 20oC 

3.5 Environmental certification systems 
Environmental certification systems are certain standards to quantify and assess 

environmental performance of buildings, a city district or an infrastructure project. They can 

also be used to achieve specific environmental targets for a project and reduce its 

environmental impact. The use of environmental certification systems is not compulsory as 

there are no governmental policies in use that demand environmental certifications for each 

building or infrastructure project. It depends exclusively on the client’s requirements if an 

environmental certification system will be used and which one should be implied.  

Each environmental certification system has different focuses and different parameters are 

checked by the assessor. In Sweden, there are several environmental certification systems that 

can be used for the environmental assessment of buildings and infrastructure projects. Some of 

them are used internationally, such as LEED and BREEAM, while some others are used at a 

Nordic/national level, such as Swan Ecolabel and the Sweden Green Building Council system 

Miljöbyggnad. Depending on the environmental certification system that will be used, the same 

project can gain different levels of environmental certification. Therefore, a comparison 

between different environmental certification systems is not possible, as different parameters 

are checked and they contribute by different weights to the total score that the project gets. 

In Miljöbyggnad, credits can be collected from different indicators depending on how well 

they are fulfilled. Indicators that are applicable regarding this thesis work, is building energy 

use and thermal comfort. The more reduced property energy use compared to BBR 

recommendations, the higher credit for energy indicator is gained, which affects the total score 

of the building. For the thermal comfort indicator. credits can be given in winter season and 

summer season as well. The sizing day, that is used for the environmental certification, should 

be statistical cold (i.e. for the heating period) and respectively warm day (i.e for the cooling 

period). 

In LEED and BREEAM the credit system is similar to Miljöbyggnad. Of those 

environmental certification systems, it is only BREEAM that includes credits for future 

adaption regarding climate change (chapter HEA04). For mechanical ventilated buildings, a 

climate scenario for 15 years ahead is used, while for natural ventilated buildings (they are not 

commonly found in Sweden) a climate scenario for 50 years ahead is applied. The selected 

year regarding future projections is only based on the installation system. Therefore, there is a 

risk that some periods of time, for upgrading buildings to adapt climate change, during its 

whole lifetime could be missed.  
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3.6 Future scenarios for the building sector 

Several studies have been performed in Europe using this method so as to study the impact 

of climate change on thermal comfort and energy consumption in buildings. Aguiar et al. 

(2002) studied the changes in the heating and cooling energy demand in both residential and 

commercial buildings in Portugal under estimated climate change scenarios for the period from 

2071 to 2100. Results from their work showed that energy demand for space conditioning in 

Portugal would increase by the end of the 21st  century. Although the heating energy demand 

will be reduced significantly as climate change continues, the extended cooling season and the 

high increases in cooling energy demand due to the increased outdoor temperatures will 

counterbalance these savings in heating energy demand.  

Frank (2005) investigated the potential effects of climate change on energy use in domestic 

and commercial buildings in Switzerland using historical data from warm years as an analogue 

of future climate change. Results from this study show the annual heating demand will decrease 

by 33-44% while the annual cooling demand will increase by 223% for the period of 2050-

2100 as a result of global climate change. The study also highlighted that efficient solar shading 

systems and night ventilation strategies are capable of keeping indoor air temperatures within 

acceptable comfort range for the occupants and reducing at the same time the need for 

mechanical cooling systems. 

Finally, another report (2010) of the Swedish Board of Housing, Building and Planning 

(Boverket) provides very useful conclusions regarding the impact of climate change on the 

construction field. This report concludes that small steps have been performed to restrict the 

cooling energy demand and raised indoor temperatures in buildings over the recent years. Many 

residential buildings in Sweden do not fulfil the target of a sufficient indoor climate even with 

the climate of today. According to [16], it is concluded that the current architectural design 

trend in Sweden is to construct residential buildings with larger windows than the older 

buildings, with insufficient external solar shading systems and without any mechanical cooling 

equipment resulting to increased indoor temperatures and uncomfortable indoor climate 

conditions. This trend goes totally in the opposite direction of a future warmer climate, that 

will demand increased energy use for space cooling and less for space heating. The report 

concludes that the heating energy demand will be decreased by 10% for the next 100 years, 

while the cooling energy demand will be increased by 80% for the same period.  

 Consequently, the increased cooling energy demands of buildings should be taken into 

consideration since the designing phase. Therefore, the understanding of climate change and 

its possible progress scenarios in the future are becoming a crucial issue to investigate, in order 

to design and construct energy efficient buildings that would be capable of corresponding 

accordingly to this new situation. The possible risks of climate change should be realised and 

transferred by the constructor to the property owner and the occupants of the buildings. 

However, according to [17], the impact of the raised outdoor temperatures during warm periods 

in the future on the energy use and thermal comfort levels within buildings is rarely investigated  

in Sweden, and the majority of communities have concentrated on the study of risks regarding 

floods and erosions phenomena. None of the previous mentioned studies have qualified the 

possible impacts of climate change in energy use and thermal comfort levels or have 

investigated in details the use of mechanical cooling systems within premises. Thus, this study 

aims to contribute with significant results towards the design and construction of more 

sustainable and adapted buildings to the changing climate conditions.  
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CHAPTER 4 

 

CASE STUDY BUILDING IN STOCKHOLM 

4.1 Background 
In order to investigate the possible impacts of climate change on energy consumption and 

thermal comfort levels in buildings, following the future climate change scenarios in Sweden 

that SMHI has already provided, a case study of a residential building in the area of Stockholm 

has been selected and studied. The analyses are based on dynamic thermal model (DTM) 

computer simulations, which represent the physical behaviour of the building and its indoor 

climate conditions, with the model following the weather data adjusted appropriately to 

correspond to the future climate change. 

4.2 IDA ICE simulation tool 
IDA Indoor Climate and Energy (IDA - ICE) is a simulation software for the study of indoor 

climate of individual thermal zones in a building as well as energy consumption for the entire 

building. The user interface has been designed to provide a friendly-user and easy method to 

build up and simulate simple cases of residential or commercial buildings, but also to offer the 

advanced user the full flexibility of IDA-ICE, to facilitate the simulation of complex or unusual 

cases. The user has the possibility to choose among a wide variety of locations and climate 

zones, in which the examined building belongs to. Therefore, the local climate conditions are 

applied within the energy simulation according to the location that the user has selected among 

the database of IDA – ICE. The version IDA ICE 4.8 was used for the simulations of this 

research. 

According to the manual of IDA ICE 4.8, a building in IDA – ICE can contain one or several 

zones (i.e. actual rooms within the building). A zone is either: 

• a prism with any number of flat vertical walls, a flat horizontal floor and one ceiling 

• a part of such prism limited by the building's roof 

• a custom polyhedral (an arbitrary volume, bounded by polygons) that may be 

imported but not edited in ICE 

The geometry of the building is defined by the corners of one or more building body parts. 

The corners’ x and y co-ordinates are indicated in a local coordinate system for the building 

(called the building system below) that moves and rotates with the building. Before editing, the 

origin of coordinates for the building system coincides with the lower left corner of the 

building. The building system is then also at the origin of coordinates for the global coordinate 

system. The zone geometry is described relative to a point in the building system, where the z-

coordinate gives the height of the floor above ground level. 
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Figure 4.1 Typical zone geometry in IDA ICE, Source: IDA ICE 4.8 (2019) 

The system which is simulated consists of a building with one or more zones (as described 

above), a primary system (the subsystem containing primarily hydronic components such as 

chillers and boilers) and a secondary system, that is consisted of one or more air handling units. 

The default plant and AHU have unlimited capacity for providing zones with air and water at 

given temperatures. The user can modify the parameters in all these central HVAC (i.e. 

Heating, Ventilation and Air – Conditioning systems) according to the desired indoor climate 

conditions that should occur within the zones. In addition, ideal room units (i.e. ideal coolers 

or heaters) and local air handling units can be added in each zone in order to satisfy the 

occupants thermal comfort. Ideal room units provide zones with heating and cooling, but they 

are not physically connected to the central plant. They can be handled as self contained boilers 

and chillers, consuming electricity or fuel and serving the zone with heating or cooling.  

Among the issues that can be addressed within IDA - ICE are thermal insulation (type, width 

and placement), building configuration and orientation, glazing, external shading systems, 

lighting equipment, solar and internal gains, type of windows and openings as well as 

mechanical heating and cooling energy systems. In addition, surrounding buildings or other 

objects might shade the building. All the adjacent buildings can be simulated in IDA – ICE as 

external shading objects, that affect the total energy consumption of the building. Therefore, 

the user should be familiar with the adjacent environment of the building if a realistic 

simulation is needed.  

The users interact with the software to manipulate inputs or outputs and an integrated 

building model. Therefore, the data input for one building can be used by others users, which 

enables simulation of different variables of building energy performance (e.g. thermal 

insulation, lighting, air flows and mechanical energy systems) within IDA-ICE. IDA-ICE 

offers detailed evaluation of building and energy system designs, allowing them to be 

optimised according to thermal comfort criteria and energy consumption. 

Within IDA-ICE, heat transfer occurs by conduction (i.e. within a body or bodies in contact), 
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convection (i.e. indoor and outdoor air) and radiation (i.e. between surfaces with different 

temperatures, e.g. indoor surfaces and surfaces in outer walls and windows, outdoor surfaces 

and the sky)) for each element of the building. In addition, internal heat gains and air exchanges 

within a room are considered. They can be caused by the occupants, the lighting, the equipment 

(washing machines, stoves etc). 

The air inside the building contains both humidity and carbon dioxide. Weather conditions 

are provided by weather data files containing information on actual or synthetic weather. The 

effects of wind (e.g. wind speed and direction), radiation and humidity on the building are 

considered in each different climate file. Predefined climate conditions can be loaded from a 

database within the software, covering almost the whole globe. This can also be used to store 

personally defined climate files, where the user can specify and modify specific climate 

parameters. The climate files contain real weather data and can cover any time interval, from 

one day to a whole year. The following parameters are included during a typical simulation 

within IDA – ICE 4.8. 

• Hourly outdoor temperatures (oC) 

• Relative humidity (%) 

• Direction of wind (deg) 

• Speed of wind (m/s) 

• Direct radiation (W/m2) 

• Diffuse radiation (W/m2) 

Among the simulation results, that IDA-ICE provides, are the following: 

• Minimum and maximum indoor air temperatures 

• Minimum and maximum operational temperatures 

• Maximum heat removed 

• Percentage of People Dissatisfied  (PPD) 

• CO2 emissions 

• Indoor humidity 

• Heating and cooling energy consumption 

• Comfort statistics  

• Daylight levels 

• Heat balances within zones 

• Solar gains 

• Building’s surfaces temperatures 

4.3 Case study building 
The selected case study building is a typical modern residential building, consisting of a 

main building body of 11 floors and a basement – ground floor. The building is located in the 

city centre of Stockholm and complies with up-to-date building regulations and high 

construction standards. It is located in Stockholm, so it is encompassed in the zone III according 

to Section 3.3. The examined building accommodates 32 apartments (i.e. these are constructed 

between the third and tenth floor), all 4 rooms and kitchens, with balconies offering an artificial 

solar shading system. The balconies are constructed along the facades and is 2m depth which 

means a solar protection angle of 38 degrees.  In addition, the building stock accommodates a 

common terrace with winter garden on the roof and storage rooms and fan rooms on the first 

floor.. The premises on the first floor (i.e. fan rooms and storages) as well as all the terrace are 
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excluded from the assessment of the building energy performance and they have not simulated 

within IDA – ICE. The total block surface area is 36m x 10m in plan. (Figure 4.2)  

 

 

 
 Figure 4.2 Typical floor plan of the case study building, Source: IDA-ICE  

 

In the next figure, it is demonstrated a 3D view of a typical floor of the building, where 4 

rooms apartments can be found as well as kitchens and living rooms. This is the typical floor, 

that is simulated within IDA – ICE in order to check energy use standards and thermal comfort 

levels.  

The strategy to control summer overheating is that when indoor temperatures become 

enough warm the building occupants will open the windows to provide the room with cool 

fresh air.  However, the indoor temperature can be greater than the threshold limits if outdoor 

temperature is high.  In the simulation models, the occupants begin to open the windows when 

the indoor temperatures exceed 26oC in order to provide the rooms with cooler external air and 

avoid thermal discomfort.  According to table 4.1 in Section 4.3.1, windows are regulated to 

open during simulations by a factor of 0.5 This factor value corresponds to an opening angle 

of 45o, which is quite sufficient for windows openings because pressure loss is low at this angle 

and enough cooler outdoor air can insert the room and cool it down. The pressure loss at an 

angle of 45o is almost the same as when the window is open by 90o. Otherwise, windows remain 

closed when the indoor temperatures remain under the threshold of 25oC. This kind of natural 

ventilation provide the possibility to occupants for space cooling without using mechanical 

systems of ventilation. However, in some study cases in future ventilating the indoor spaces 

only by opening the windows is not enough and occupants could complain of high levels of 

thermal discomfort. In these cases, the cooling coil of the Air Handling Unit (AHU) is turned 

on and in combination with room cooling units, they can provide sufficient indoor climate 

conditions to occupants.  The setpoint temperatures for the cooling room units is set to either 

26oC or 25oC, aiming always to achieve the best result in aspect of occupants thermal comfort. 
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Figure 4.3 3D view of a typical floor of the case study building, Source: IDA-ICE  

4.3.1 Input data 
The building must meet the requirements of the Building Eneergy Certification System 

“Miljöbyggnad”, level Silver, an environmental certification system that is used commonly in 

Sweden. Therefore, it complies with the targets for the indicators energy use, thermal power 

requirements, solar thermal load, thermal climate in winter and thermal climate in summer as 

well as Stockholm City energy use requirements. Following requirements of interest in this 

stud, the building complies for respectively indicators: 

• Energy use max: 55 kWh/m2, year 

• Solar thermal load: 29 W/m2 

• Max PPD in winter climate  15% 

• Max PPD in summer climate 10% 

• Minimum daylight 1.2%  
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Each room (i.e. bedroom, kitchen, living room etc) represents a separate thermal zone in the 

simulation models (i.e. ceiling, floor, internal walls etc) to prevent any heat gain or loss from 

other rooms. This would offer the possibility to have energy and thermal comfort results for 

each room separately. All the simulation models, that are simulated either with the current 

climate conditions or the future climate conditions, have exactly the same input data (i.e. solar 

shading systems, glazing, materials, internal gains etc) in order to provide comparable results 

for each different case scenario. In addition, the programme is always a simplification of 

reality, which means that the results must be seen as a guideline on what energy use is possible 

to obtain. In reality, energy consumption, in addition to the margin of error in the calculations, 

depends a lot on how users use the building. Furthermore, the thermal comfort results provided 

by the simulation are just the general sense of thermal comfort for a typical occupant within 

the building. However, thermal comfort preferences vary significantly between people 

according to their age, sex, physical situation and many several other factors.  

All the simulation parameters used during energy simulations with IDA – ICE are listed in 

table 4.1. Parameters regarding internal gains and occupancy are used according to the 

guidelines of the report “User data in housing” (2010) by SVEBY. 

 

Room Bedroom 1 Bedroom 2 Kitchen  Living room 

Floor area (m2) 8.6 – 9.8 12.1 15.5 - 20.8 15.2 – 22.6 

Height room (m) 2.6 2.6 2.6 2.6 

Occupants 1 person 

(80W) 

2 people (160W) 1 person (80W) 3 people (240W) 

Construction parameters 

External walls 
1cm render panel, 20cm lightweight concrete blocks, 18cm of light 

insulation panel, 1cm render panel, U – value = 0.1532 W/m2.K 

Internal walls 
1.2cm gypsum panel, 2.5cm air gap, 2.1cm of light insulation panel, , 

2.5cm air gap, 1.2cm gypsum panel U – value = 0.8646 W/m2.K 

Internal floors 
0.5cm floor coating, 2cm of light insulation panel, 27.5cm concrete panel 

U – value = 2.029 W/m2.K 

Roof 
35cm of light insulation panel, 15cm concrete panel U – value = 0.1002 

W/m2.K 

External floor 
0.5cm floor coating, 22.5cm of light insulation panel, 20cm concrete 

panel U – value = 0.1523 W/m2.K 

Glazing 

Solar Heat Gain Coefficient (SHGC) = 0.55, Solar transmittance = 0.41, 

Visible transmittance = 0.71, U – value = 0.87 W/m2.K, Frame: 0.12 of 

the window area, U – value = 2.0 W/m2.oC 

Room Bedroom 1 Bedroom 2 Kitchen  Living room 

Glazing to wall 

ratio 
53% 45% 68% 59% 

Windows opening 

control strategy 

Always open by 0.5 when there are not cooling units in the rooms. If there 

are cooling units, then the windows are always closed. 

                  Internal gains 

People 

Activity level: Occupants seated, quiet resting (MET-value: 0.85) 

Weekdays & weekends: 22:00-08:00 

Clothing: Long trousers, long sleeves short (clo-value: 0.25) 
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Equipment & 

Lighting 
Annual mean load is 30 kWh/m2, smeared out in each zone 

Pump & Fans 5.5 kWh/m2 

                        Temperature Setpoints  

Heating 22oC 

Cooling 
25oC (depends on the achievement of thermal & healthy requirements) 

26oC (depends on the achievement of thermal & healthy requirements) 

                      Air Handling Unit (AHU) 

Efficiency of heat 

exchanger 
0.8 

Specific Fan 

Power 
0.9 kW/(m3/s) 

                           Air flows  

Room Bedroom 1 Bedroom 2 Kitchen Living room 

Supply air (l/s) 4 8 15 24 

Supply air 

temperature (oC) 

19oC when the cooling coil in the Air Handling Unit (AHU) is turned off 

18.4oC when the cooling coil in the Air Handling Unit (AHU) is turned on 

                               Internal gains 

Equipment 70% 

Occupants 100% 

Lighting 70% 

 Table 4.1 Input data for the energy simulations of the case study building, Source: IDA – ICE  

 

However, as regarding as the internal gains of the equipment load, there is a differentiation 

between the cases when the building is simulated for a whole year (annual simulation, where 

energy and thermal comfort levers are estimated) and just for a sizing day (only thermal 

comfort levels are estimated). According to the report of Sveby, “Input data for Housing” 

(2012), it is recommended that the typical equipment load for a residential building should be 

equal to 30 kWh/m2 for all the rooms included in the building. On the other hand, this annual 

mean value cannot be used in a sizing cooling simulation regarding only one hot day during 

summer, in order to check the thermal comfort of occupants. In this case, a reasonable energy 

load during a summer day should be applied instead. The majority of the internal gains 

regarding equipment in the case study model comes from the kitchens equipment. Therefore, 

following the guidelines of Table 4.2, which uses information from the Sveby’s report “Input 

data for Housing” (2012), it is calculated that the mean equipment load in a hot day during 

summer is equal to 140W and this should be applied in each kitchen of the model. This 

equipment load is calculated by use of fridges, cooking devices and dishwashers. 
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Type of equipment 
Equipment load 

(kWh/year) 
Equipment load (kW) 

Fridges 720 0.082 

Lighting  630 0.072 

Cooking devices 390 0.045 

Dishwashers 120 0.014 

Washing machines / dryers 210 0.024 

Stereo 60 0.007 

TV 150 0.017 

DVD, VCR  60 0.007 

Computers 270 0.031 

Others 60 0.007 

Not measured 330 0.038 

Total 3000 0.344 

Table 4.2 Equipment energy loads of the case study building, Source: Input data for Housing, Sveby (2012) 

 

In addition, as regarding as the internal gains coming from the building occupants, there is 

a deviation in the number of occupants when the building is simulated for a whole year (annual 

simulation, where energy and thermal comfort leveλs are estimated) and just for a sizing day 

(only thermal comfort levels are estimated). According to [18], it is recommended that the 

number of occupants is defined according to the number of rooms of the simulated apartment, 

excluding the kitchen and WC. In the simulated case study building, it concerns about a 4 room 

apartment.  Therefore, according to Table 4.3 the total number of people for the annual 

simulation is 2.79 people, delivered out to each apartment. 

 

Apartment size 1 room 2 rooms 3 rooms 4 rooms 5 rooms 6 + rooms 

Number of occupants 1.42 1.63 2.18 2.79 3.51 3.51 

Table 4.3 Internal gains from occupants in the case study building, Source: Input data for Housing,Sveby (2012) 

  

However, as regarding as the sizing day simulations, it is assumed that the number of 

occupants in each room follows the schedule of Table 4.1 in Section 4.3. This assumption was 

made upon the criterion that it would enhance the internal heat gains by occupants for the sizing 

hottest considering one or two single people, instead of smeared out people among the total 

rooms of the apartment. In addition, for all simulations it is assumed that people move from 

bedrooms during night to kitchen and living rooms in daytime, so as to have measuring points 

in the model for the indoor climate anytime in every zone of the building 

4.4 Current weather conditions 
When an existing building is to be studied and simulated, then the local climate conditions 

play significant role in its overall performance. Minimum and maximum daily temperatures, 

wind speed and direction, air humidity, cloudiness, direct and diffuse radiation are some of the 

most important factors that affect the energy demands of a building. Energy simulation 

programmes, like IDA – ICE, are becoming increasingly popular and useful for assessing and 

predicting building performance in terms of energy use and thermal comfort, because they can 

include and use all the above factors affecting the overall building performance. The simulation 

model, that represents the real building, is typically used to predict building performance over 
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a complete year of weather data, or some periods of the full weather year or even just the hottest 

or coldest day of the whole year. The user of the model can select the preferred preference 

according to the aims of the research.  

Although, the current climate conditions can offer significant information about how 

building’s performance is affected today, they cannot secure that this performance will be the 

same in the future, especially under the phenomenon of global climate change. The risk of 

raised outdoor temperatures and a global overwarming demands different weather conditions 

in order to predict how premises will be affected. Even under current climate conditions, many 

residential buildings in Sweden present a poor energy performance and offer insufficient 

thermal conditions during hot periods in the summer (Boverket, 2010). Therefore, the need to 

predict a climate model corresponding to future climate conditions would be crucial for 

architects and engineers in order to construct premises adapted to the future. 

As described in section 2.5, IPCC has provided four different climate change scenarios for 

the 21st century depending on the future GHG emissions in the atmosphere and temperatures 

raise. SMHI accepts and follows as well these four climate change scenarios and provides 

projections regarding climate change in Sweden according to these models. Therefore, two 

different weather conditions cases (i.e. current weather data and future weather conditions) are 

selected in order to study and quantify the difference in buildings energy use and sense of 

thermal comfort.  

The original climate file, that is used, is called “Klimatdatafiler SvebySMHI 1981-2100”, 

provided by the official website of Sveby. This climate file is considered as a typical year for 

the calculation of energy consumption in the case study building as well as of thermal comfort 

provided to its occupants. The weather data that are contained in each climate file in IDA – 

ICE regard minimum and maximum daily temperatures, wind speed and direction, air 

humidity, cloudiness, direct and diffuse radiation. They are consisted of hourly data for a whole 

year, selected from approximately 30-year statistical data (1981-2010) and smoothed 

accordingly to provide a 1-year data series. A graphical representation of how the current 

climate file looks like in IDA-ICE is demonstrated at figure 4.4 below. 

 
Figure 4.4 Current climate conditions in Stockholm, Source: IDA-ICE models (2019) 
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4.5 Future weather conditions 
As described previously, there are four different climate change scenarios for the 21st 

century depending on the future GHG emissions and the temperature raise. Therefore, 

following  different climate change scenarios will provide different results regarding raise 

temperatures, relative humidity and wind patterns. For this specific study, the following 

parameters are selected and used in the simulations performed within the IDA – ICE software. 

• Area: Sweden -> Lan of Stockholm 

• Scenario: RCP 4.5, is selected as the “medium” case scenario for CO2 emissions and 

temperatures raise for the coming 50 years 

• Climate index: Highest (summer), respectively lowest (winter) daily average 

temperature 

4.5.1 Change in summer and winter day temperatures 
Having made the above choices, SMHI’s website provides statistical data regarding the 

mean values of temperatures between 1981-2010. This period is the 30-year reference period, 

containing statistical data regarding the mean daily temperatures in the area of Stockholm. In 

addition, following the same conditions SMHI provides the projected mean daily temperatures 

between 2060-2080. The forecasted year in this study is 2070, but due to the fluctuations of 

average temperatures along the period 1961-2100, a time interval of 10 years before and after 

2070 was considered in order to incorporate those fluctuations. The basic method for creating 

the future weather file is a shift of the current hourly weather data parameter (i.e. mean daily 

temperature) by adding the predicted daily mean change. The future scenarios present seasonal 

change for summer and winter respectively, but then only as maximum and minimum average 

daily change per season. However, this is the best fit that can be used for the moment and is 

reasonable according to SMHI projections.  The summer period is defined in the future 

scenarios by SMHI as 1st of June to 31st of August. Winter period is defined as 1st of December 

to 28th of February. Thus, a formula that can be followed to gain future mean daily temperatures 

is the following: 

T = T0 + ΔT 

Where T is the future average daily temperature, T0 the current mean daily temperature and ΔT 

the predicted daily mean temperature change according to SMHI prediction scenarios. ΔΤ is 

calculated by the increase of mean daily temperatures between the forecasted period (2060-

2080) and the statistical data period (1981-2100). Therefore, the latter was deducted from the 

former and so the raise of average daily temperatures for the next 50 years during summers 

will be around 2oC. The same procedure was followed exactly for winters with the only 

difference that winter is now selected instead of summer in SMHI’s website in order to gain 

statistical data regarding winters. Then, the increase of lowest daily average temperature for 

the coming 50 years in winter was calculated to 5 oC. The next figure demonstrates the 2oC 

temperature difference in summer between today and 2070. 
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Figure 4.5 Estimated change of mean daily temperatures compared to 1981-2010, Stockholm county, Scenario 

RCP:4.5, Source: SMHI (2018) 

Thus, the temperature raise for the winter period is 5oC. and for the summer period is 2oC. 

Between the summer and winter period a linear relationship was assumed in order to describe 

the temperature increase. In the following diagram, it is demonstrated the temperature increase 

for a whole year. On the horizontal axis, months are presented. It has to be mentioned that the 

1st of December until the 28th of February defines still the winter period and the 1st of June 

until the 31st of August defines the summer period. 

 
Figure 4.6 Estimated change of mean temperatures in Stockholm on an annual basis, Scenario RCP:4.5, Source: 

SMHI (2018) 
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4.5.2 Morphing of future climate file 
Furthermore, many studies indicate that Sweden is going to be affected more intensively by 

heat waves and tropical nights in the coming years. According to Climate Change Guide, a heat 

wave is a prolonged period of extremely high temperatures for a particular region. However, 

there is no specific and widely acceptable definition of a heat wave as it depends on the area, 

where it occurs, and to the time of year when it appears. Although, according to Frich et al., a 

heat wave is defined as a period of time when the daily maximum temperature of more than 

five consecutive days exceeds the average maximum temperature by 5oC. This definition is 

applied in this study as well. In addition, according to the German Climate Atlas, tropical nights 

are defined as the nights of the year when the air temperature does not fall below 20oC. Tropical 

nights do not have to be occurred in a row, as heat waves do, but they can occur over different 

periods of the year (i.e. week, month). Therefore, these phenomena should also be considered 

in the future climate file as they affect the mean daily temperatures, especially during summers 

when the risk of overwarming inside buildings is increased. 

 The highest daily temperature in the original climate file (Sveby_Stockholm) was chosen, 

in the reference model (1981-2010), and it was about 17 oC during night. It was raised by 6.3 

oC, so as to catch up to 20 oC for each hourly temperature during that night (the lowest hourly 

temperature for that night was 13.7 oC). In addition, all hourly temperatures were raised for that 

specific day by 6.3 oC. In that way, it is represented a day, where a heat wave and a tropical 

night are appeared simultaneously, once the daily hourly temperatures are over 25 oC and the 

night hourly temperatures do not fall below 20 oC. 

The length of a heat wave is more than 5 days in a row and tropical nights last for around 

17 days. Thus, it is assumed that these raised temperatures for the hottest day will be exactly 

the same for the next following 17 days. However, the highest average daily temperatures 

during summer was calculated equal to 23 oC. This average temperature does not agree with 

the forecasted average temperature by SMHI for the future, which is equal to 27 oC (25 oC plus 

the raise of 2 oC). In addition, according to FAKTABLAD NR 49 (SMHI, 2011), it is predicted 

that there can be more extreme hot days in future in spite of heat waves. Therefore, 23 more 

extreme hot days (over 25 oC during the day) were added, by adopting a typical day of a heat 

wave and at the same time considering that the night temperatures should be lower than 20 oC, 

as the maximum number of tropical nights in the future is equal to 20 nights, according to 

section 2.4.2. This limit should not be exceeded. Following this method, the average of daily 

maximum temperatures for the whole summer is calculated equal to 26.5 oC. A graphical 

representation of how the future climate file looks like in IDA-ICE is demonstrated at figure 

4.4 below 
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Figure 4.7 Future climate conditions in Stockholm in 2070, Source: IDA-ICE models (2019) 

4.5.3 Verification of future climate file  
A similar pattern of creating future climate files from current climate conditions has been 

used in many researches. Hacker et al. (2009) and Jentsch et al. (2008), have created possible 

future weather data by current climate conditions in order to assess the building energy 

performance in future and prove how climate change affects the energy balance of a premise.  

However, this method has some limitations that occur in this study as well. Firstly, it 

assumes that the characteristics of future weather will be the same as they are in today’s climate 

(i.e. the intensity, frequency and duration of heat waves). For instance, extreme hot days that 

have a frequency of every 20th year today, is projected to arise to every 1-4 year in the future 

in Stockholm region, according to FAKTABLAD NR 49 (SMHI, 2011). According to SMHI 

heat wave period arise statistically every third year today (1981-2010). This is a parameter that 

may cause longer heat wave periods and more frequent warm periods, more or less every 

summer in the future. This can also be verified by comparing the Figures 4.8, 4.9 and 4.10. At 

the latter, it is represented the factor of cooling degree hours which describes how many hours 

the temperatures are over 20oC. It can be noticed that there is an increasing trend in cooling 

degree hours since 1991 until 2098. Therefore, the occurrence of warm periods will be a more 

frequent event in future and more cooling energy demands will be needed. 
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Figure 4.8 Observed cooling degree hours for period 1991-2013, Stockholm county, Source: SMHI (2018) 

 

Secondly, in the current climate file “Sveby-Stockholm” no heat wave is detected during 

the whole year. It seems that the current climate conditions in the area of Stockholm are too 

cold to include a heat wave, in contrast with the report of SMHI FAKTABLAD NR 49 (2011), 

where it is stated that under current conditions a heat wave period seems to have a duration  

between 6-10 days. In addition, temperature is modified independently to the other climate 

parameters, which means that the relationships between the climate parameters (i.e. 

temperature, air humidity, cloudiness, wind speed and direction, direct and diffuse radiation) 

may not be the same in the future climate data as they are in the current weather data. This is 

the case for air humidity, as in the future climate file it is considered to be stable. However, 

many researches show that relative humidity in air will increase in future leading to raised 

cooling energy demand during summers in combination with the raised daily average air 

temperatures. Therefore, the energy results in this study may vary a little if the increase of air 

humidity is to be considered. Finally, according to Hacker et al. (2009), localized future 

environmental changes, local land use and microclimate effects caused by anthropogenic 

activities (e.g. urban heat island) are not considered in this morphing procedure and it is upon 

to the researcher to include these phenomena in their studies.  

Thirdly, the reliability of the generated climate file is strengthened if the latest national 

climate analyses of SMHI are considered, SMHI provides long – term climate analyses 

regarding the current and future climate file based on observations and calculations, based on 

two different emissions paths RCP 4.5 and RCP 8.5. A climate factor that enhances the 

reliability of the generated climate file, is the factor of cooling degree hours which describes 

how many hours the temperatures are over 20oC. The following figures demonstrate the amount 



Chapter 4                                                                        Case study building in Stockholm 

 
 

 
52 

 

of cooling degree hours for the area of Stockholm statistically today and in the future for the 

forecasted period. 

 

 
Figure 4.9 Cooling degree hours for period 2021-2050, Stockholm county, Scenario RCP:4.5, Source: SMHI 

(2018) 

 
Figure 4.10 Cooling degree hours for period 2069-2098, Stockholm county, Scenario RCP:4.5, Source: SMHI 

(2018) 
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Therefore, according to the figure 4.8 the cooling degree hours are around 20-30 for the 

region of Stockholm between 1991-2013, that is in agreement with the current climate file that 

is used in the energy simulations where the same days are around 12 days. In addition, as 

regarding as future cooling degree hours are around 60-70 days in Stockholm between 2069-

2098 and in the generated climate file the same index is 57 days.  

Finally, heating degree hours is the last but not least factor that enhances the reliability of 

the generated climate file. Heating degree hours are defined as the temperature difference 

between the daily average temperature and the threshold value of 17oC, aggregated in one year. 

The threshold value of 17oC, is the temperature limit under which heating energy is needed to 

heat indoor spaces in buildings and the heating degree days are an energy measure, that 

represent the need for heating in housing. The following figures demonstrate the amount of 

cooling degree hours for the area of Stockholm statistically today and in the future for the 

forecasted period.  

 
Figure 4.11 Observed heating degree hours for period 1991-2013, Stockholm county, Source: SMHI (2018) 

According to the figure 4.11 the heating degree hours are around 3600-3800 for the region 

of Stockholm between 1991-2013, that is in agreement with the current climate file that is used 

in the energy simulations where the same hours are calculated to 4000 hours. In addition, as 

regarding as future heating degree hours (Figure 4.13) are around 2800-3000 hours in 

Stockholm between 2069-2098 and in the generated climate file the same index 2900 hours. 

Consequently, the above results verify that both the current and future climate file that are used 

during the energy simulations with IDA – ICE are really close to the weather scenario data that 

SMHI has already projected and can provide reliable results regarding the energy demands and 

thermal   comfort levels. 
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Figure 4.12 Heating degree hours for period 2021-2050, Stockholm county, Scenario RCP:4.5, Source: SMHI 

 

 Figure 4.13 Heating degree hours for period 2069-2098, Stockholm county, Scenario RCP:4.5, Source: SMHI 

(2018) 
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CHAPTER 5 

 

RESULTS 

 

5.1 Background 
The energy and thermal comfort assessment of the case study building was made using the 

current climate file “Stockholm, Bromma” provided by SVEBY as well as the future climate 

file that was described in Section 4.7. The case study building fulfils BBR energy requirements 

and SGBC Miljöbyggnad v2.2 as well regarding building’s property energy, thermal comfort 

levels and daylight levels inside the building. The building property energy consumption was 

calculated for the two different weather files, thermal comfort levels for occupants as well as 

the difference in heating and cooling power demand between current and future weather 

conditions.  The results provided by the simulation modelling is hourly values of indoor 

ambient and operative temperatures in each room, prediction of thermal discomfort for 

occupants using the scale of PPD, maximum heating and cooling power demand for the heating 

and cooling room units and a prediction for the annual total energy consumption for space 

heating and cooling. The heating energy demands refer to the already existing heating floors in 

the building and the cooling energy demands refer to the ideal cooling units that could be 

installed in the future. These two latter choices regarding the heating and cooling room units 

are just one recommendation, that is used in this simulation model and it is upon to the 

assessor’s decision if other room units could be used. 

5.2 Building property annual energy consumption  
Many different case scenarios were simulated with current and future climate conditions in 

order to study the effect of climate change on the total energy consumption of the study case 

building.  The following figure demonstrates how each part (i.e. pump and fans electricity, 

heating, cooling, Domestic Hot Water) of the total annual energy consumption  is affected  by 

the implication of different weather data and different cooling strategies. Table 5.1 summarizes 

the results of the annual simulations of the building study case, where it is clear that heating 

energy demands are decreasing in future while cooling energy demands are increasing. It 

should be noticed that the energy for heating decreases more than the increase in cooling 

energy. In the future case, domestic hot water has the highest energy demand of all energy of 

demands. Energy that is consumed for lighting, domestic hot water and fans & pump electricity 

remain stable for all the different weather case scenarios and different combinations of cooling 

strategies.  

The following histogram represents the fluctuations between the different kinds of energy 

consumed within the building in an annual basis, depending on possible different climate case 

scenarios and with insertion of cooling. All the results represented in Figure 5.1 are based on 

the results of Table 5.1. 
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Figure 5.1 Annual energy demands for the case study building, Source: IDA-ICE models (2019) 

Model Description 

 
Climate 

file 
 

Cooling strategies 
Building property 
energy (kWh/m2) 

Tb1_a_all 
floors 

Energy 
Demand and 

Thermal 
comfort – 

annual 
simulation 

Stockholm 
– Sveby 

Windows 0,5 (PI) 

Heating: 23.9  

Cooling: 0.0 

Lighting: 0.0 

DHW: 25.0 

Fans electricity: 5.5 

Total: 54.4 

Tb2_a_all 
floors 

Energy 
Demand and 

Thermal 
comfort – 

annual 
simulation 

Stockholm 
– Sveby 

2070 
Windows 0,5 (PI) 

Heating: 14.2  

Cooling: 0.0 

Lighting: 0.0 

DHW: 25.0 

Fans electricity: 5.5 

Total: 44.7 

Tb3_a_all 
floors 

Energy 
Demand and 

Thermal 
comfort – 

annual 
simulation 

Stockholm 
– Sveby 

2070 

Windows 0,5 (PI) – room 
cooling units – AHU cooling 

coil on 

Heating: 13.5 

Cooling: 4.1 

Lighting: 0.0 

DHW: 25.0 

Fans electricity: 5.5 

Total: 49.6 

Tb4_all 
floors 

Energy 
Demand and 

Thermal 
comfort – 

annual 
simulation 

Stockholm 
– Sveby 

2070 

Windows 0,5 (PI) – no room 
cooling units – AHU cooling 

coil on 

Heating: 15.0 

Cooling: 2.8 

Lighting: 0.0 

DHW: 25.0 

Fans electricity: 5.5 

Total: 48.3 

Table 5.1 Annual energy consumption by energy sector, Source: IDA-ICE models (2019) 
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The first four left columns in the figure 5.1 represents the total annual energy consumption 

of the building under the current climate conditions of Stockholm.  The next right set of four 

columns represents the total annual energy consumption of the building but now estimated 

under the future weather data that will occur on 2070.  In these two first case scenarios the 

cooling coil in the Air Handling Unit (AHU) is turned off and there are no room cooling units, 

Therefore, space cooling is only achieved by opening the windows in each room when 

temperature raises over 26oC as described in Section 3.4. On the other hand, on the third case 

scenario the cooling coil of the AHU is turned on, providing cooling energy when it is 

necessary. Lastly, on the fourth case scenario the cooling coil of the AHU is turned on as well 

as there are room cooling units in each zone, cooling the indoor spaces up to the desired limits.  

As expected, figure 5.1 verifies that the heating energy demand for the same building in the 

future will be decreased due to climate change. The higher outdoor temperatures that will 

prevail during the winter period will have as a result reduced significantly heating energy 

demands. Therefore, heating energy demand under the current weather data is estimated to 23.9 

kWh/m2, while when the future climate data is applied it decreases to 14.2 kWh/m2. On the 

other hand, raised outdoor temperatures will also cause higher demands in energy for space 

cooling in order to secure that the indoor climate is comfortable for occupants. Thus, on the 

third case scenario cooling energy demand in the AHU to reduce the temperature of the 

supplied air is calculated to be 2.8 kWh/m2, whereas when room cooling units are installed it 

increases up to 4.1 kWh/m2 . The latter refers to the case when both AHU and room cooling 

units operate. Although, the decrease in heating energy demand outweighs the increase in 

cooling energy demand and the total annual energy consumption of the building  in future is 

even less  than the current  energy that the building consumes today.  

The above conclusions are demonstrated at figures 5.2 and 5.3, where the energy amounts 

of the first and the fourth case scenarios are shown as percentages of the total annual energy 

use.  

 

 
Figure 5.2 Current distribution of annual energy use, Source: IDA-ICE models (2019) 
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Figure 5.3 Distribution of annual energy use in 2070 when the cooling coil in the AHU is turned on and 

room cooling units are installed, Source: IDA-ICE models (2019) 

5.3 Power demand of heating and cooling room units 
Another interesting factor to mention is the change in the power demand of heating and 

cooling room units that are installed in the zones of the building. This index can show the 

impact of changing climate conditions on the power that is required by mechanical heating and 

cooling equipment in order to sustain the healthy requirements within the rooms. The power 

demand reflects the energy needs of installations, more particularly what size of heating and 

cooling room units is best to be installed.  

Nowadays the cost for domestic heating is based on both the total annual energy use and the 

maximum power demand during the year. For residential buildings, the cooling demand in a 

future climate is an additional cost. Therefore, the control and selection of the ideal heating and 

cooling room units can have significant results both in energy consumption as well as to 

installation and energy costs. Lowered energy demand does not only mean lower cost due lower 

energy use but also lower cost due to lower peak power demand. The results of the impact of 

changing climate conditions on the power demand of heating and cooling installations is 

represented on the following table. The cooling demand refer to the thermal comfort criteria 

regarding maximum permitted duration with overtemperatures in rooms according table 3.4. 

According to [34], input parameters of the sizing day simulations to calculate the power 

demand of heating and cooling room units are the following: 

• Winter sizing temperature: -17.1oC (current climate file) 

• Winter sizing temperature: -12.1oC (future climate file) 

• Summer sizing minimum temperature: 18oC (current climate file) 

• Summer sizing maximum temperature: 28oC (current climate file) 

• Summer sizing minimum temperature: 20oC (future climate file) 

• Summer sizing maximum temperature: 31.2oC (future climate file) 

 

All the above setpoints have included SMHI’s projections about temperatures increase in future 

as well as the occurrence of heat waves and tropical nights. For instance, according to the 

definition the summer sizing temperature is the lowest of the 30 maximum temperatures that 

occur the last 30 years. Since heat waves and tropical nights will occur in future every year, 

30%

8%49%

11%
2%

Distribution of annual energy use (kWh/m2)

Heating Cooling DHW Fan & pump electricity Lighting
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they can be assumed as the minimum summer sizing temperature (i.e. 20oC that corresponds 

to tropical nights) and as the maximum summer sizing temperature (i.e. 31.2oC that 

corresponds to heat waves). 

 

Climate 

file 

Wwindows 

opening 
Cooling strategies 

Maximum 

AHU heating 

power (KW) 

Room 

unit heat 

(W/m2) 

Maximum 

AHU cooling 

power (KW) 

Room 

unit cool 

(W/m2) 

  
Room 

cooling 
units 

AHU 
cooling 

coil 
    

Stockholm 

- Sveby 

Windows 
0,5 (PI) - - 23.5 103.6 0.0 0.0 

Stockholm 

– Sveby 

2070 

   14.9 86.8 12.4 15.7 

Stockholm 

- Sveby 

Windows 
0,5 (PI) - - 23.5 69.4 0.0 0.0 

Stockholm 

– Sveby 

2070 

   14.9 60.3 12.4 19.7 

Stockholm 

- Sveby 

Windows 
0,5 (PI) -  23.5 50.5 0.0 0.0 

Stockholm 

– Sveby 

2070 
   14.9 44.6 12.4 19.0 

Table 5.2 Power demand of heating and cooling room units, Source: IDA-ICE models (2019) 

It is clear from the above results that there is a decreasing tendency in heating energy 

demands, when the future weather data is applied. This decreasing tendency is translated into 

10-20% decrease of the current heating energy demands and is caused by the higher outdoor 

temperatures that will occur in the future. At the same pattern, cooling energy demands seem 

to increase due to the overwarming of the globe. It seems that the current cooling energy 

demands will be three or even five times higher in future.  

Therefore, it is really crucial that engineers should decide and select the ideal heating and 

cooling room units during the design and construction phase of buildings. An overestimation 

of the real heating and cooling energy needs could lead to higher initial installation costs, 

malfunctions of the installations if the proper energy use is not provided and even to extended 

buildings life cycle and longer pay back periods for the installations. On the other hand, 

underestimated heating and cooling power demands cold lead to bad indoor climate conditions, 

where the health limits are not met, intense sense of thermal discomfort felt by occupants and 

really high indoor temperatures during summers or really low indoor temperatures during 

winters. The optimal selection of heating and cooling installations can have noticeable 

economical benefits (i.e. lower initial installations costs, lower costs for energy use due to 

lower energy use and lower peak demand) as well as significant energy savings, by avoiding 

wasting amounts of energy in oversized or undersized energy systems. 

5.4 Thermal comfort levels in sizing cooling day simulation  
In order to check the indoor climate conditions during summer, when the hottest days 

appear, several different sizing cooling day simulations were executed within IDA-ICE. The 

following input data were used during the simulations, while the right column of the table 

presents the data according to ASHRAE Handbook, Fundamentals (2013). 
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Current weather data 

(IDA-ICE)  

Current weather data 

(ASHRAE) 

Outdoor dry-bulb 

temperatures (min) 
17.3oC 17.8oC 

Outdoor dry-bulb 

temperatures (max) 
26.1oC 27.0oC 

Wet-bulb temperatures 

(max) 
17.1oC 19.4oC 

Relative Humidity (%) 77 - 

Wind direction 200o - 

Wind speed 3.9 m/s 8.9 m/s 

Clearness number 1.0 - 
Table 5.3 Input data for sizing cooling day simulations, Source: IDA-ICE models (2019) & ASHRAE 

Handbook, Fundamentals (2013) 

Dry-bulb temperature minimum value provided in Table 5.3 corresponds to 99.6% annual 

cumulative frequency of occurrence (cold conditions), whereas dry-bulb temperature 

maximum and wet-bulb temperature values correspond to 0.4% annual cumulative frequency 

of occurrence (warm conditions). Finally, wind speed value corresponds to 1% annual 

cumulative frequency of occurrence. Although, during the simulations performed within IDA-

ICE the values of the left column of Table 5.3 were selected as they were set as default values 

by the software for the area of Stockholm and some parameters of weather data are not defined 

in ASHRAE’s Handbook. Thus, following the above assumptions for the sizing cooling day 

simulations the results are shown on Table 5.4. 

Description Climate file 
Opening 

strategy 

PPDmax 

(%) 

Air indoor 

temp. oC 

(max) 

Operative 

temp. oC 

(max) 

Sizing cooling 

day simulation 

Stockholm - 

Sveby 

Windows 

0.5 (PI) 
8.1 26.3 26.6 

  Table 5.4 Thermal comfort levels for sizing cooling day simulations, Source: IDA-ICE models (2019) 

The results of Table 5.4 concern a kitchen room on the south façade of the building. The 

windows are controlled by an opening strategy as described in Section 3.4. It has to be 

mentioned here that sizing cooling day simulations use a 0.4% annual cumulative frequency of 

occurrence data according to ASHRAE suggestions. On the other hand, annual simulations use 

a statistical series of 30 years data, so the comparison between these two different kind of 

simulations (sizing day simulation and annual simulation) does not need necessarily to give the 

same results. This fact derives since they are based on different databases and the frequency of 

high outdoor temperatures occurrence can differ. In addition, this comparison is not valid for 

the future weather case scenario, because ASHRAE does not provide any reference values for 

future weather conditions. Only SMHI provides statistical data for changing climate conditions 

for the 100 years and the annual simulations are based on these projections.  

On the other hand, when a sizing day simulation is performed then IDA-ICE provides results 

regarding the moment at which the maximum heat is removed from the room. Therefore, the 

user should execute a manual checking during one day in order to find the maximum values of 

temperatures and PPD inside the room outside the time for maximum heat removed. 
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5.5 Thermal comfort levels in annual simulation  
In order to investigate the occupants thermal comfort levels during a whole year, different 

case scenarios of annual simulations were performed. They provide results regarding the indoor 

air and operative temperatures, the sense of thermal discomfort for occupants as well as if the 

healthy requirements are met. Annual simulations were performed both for the current and the 

future climate.  

All the values, that are listed at table 5.5, concern the summer months (1st of June to 31st of 

August) when the risk of room’s overwarming is maximum due to the high outdoor 

temperatures. PPD is mentioned for winter as well as a separate Table 5.6.  All results have to 

comply with the regulations that were described in Section 3.4. The values that are not 

complied with the limits are marked with red colour, while the values that below the limits are 

marked with green colour. 
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Description Climate file Cooling strategy 
PPDmax 

(%) 

T
h

re
sh

o
ld

 

Air indoor 

temp. oC 

(max) 

Operative 

temp. oC 

(max) 

Hours during 

summer when 

operative temp 

>26oC T
h

re
sh

o
ld

 

b
y
 T

U
D

 

(h
) 

Hours during 

summer when 

operative 

temp >28oC T
h

re
sh

o
ld

 

b
y
 H

T
M

 

(h
) 

Case 1 
Stockholm - 

Sveby 
Windows 0.5 (PI) 9.9 10 25.6 26.2 13 100 0 22 

Room   12V2  46K2 46K2 12K2    

Case 2 

Stockholm 

– Sveby 

2070 

Windows 0.5 (PI) 23.4 10 27.5 28.2 489 100 6.5 22 

Room   46V2  46V2 46V2 46V2  46V2  

Case 3 

Stockholm 

– Sveby 

2070 

Windows 0.5 (PI) 

– AHU cooling 

coil is turned on – 

no room cooling 

units 

14.9 10 27.1 27.9 381 100 0 22 

Room   46K2  46K2 46K2 46K2    

Case 4 

Stockholm 

– Sveby 

2070 

Windows closed 

– AHU cooling 

coil is turned on – 

room cooling 

units 

9.6 10 25 26.6 93 100 0 22 

Room   12V1  26V2 26V2 26V2    

Table 5.5 Maximum values of thermal comfort levels for annual simulations during the summer period, Source: IDA-ICE models (2019)
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Furthermore, the indoor operative temperatures should always comply with the health regulations that were described in Section 3.4. Therefore, 

according to these recommendations it is checked if these limits are met during the current as well as the future weather conditions. It should be 

noted also that PHAS is not valid in extreme weather conditions of today. The climate data in the current and the future climate file is a typical 

normal climate for its corresponding year. As regarding as the short – term periods of overheating (i.e. operative temperatures above 28oC), it is 

clear that there is no violation of HTM’s health regulations. Maximum operative temperatures within the building are always below the limit. 

However, as regarding as the long – term periods of overheating (i.e. operative temperatures above 26oC), then there are two case scenarios where 

the limits provided by TUD are not met. These scenarios concern the cases when the building is simulated under the future climate file and at the 

first case there are no comfort cooling systems, while in the second case there is natural ventilation by the opening of windows and the cooling 

coil in the AHU is turned on. Although, this issue can be resolved when room cooling units are installed inside the rooms and then the maximum 

operative temperature occurred within the building is far below the limit of 100 occupancy hours during the period of 1st of June and 31st of August. 

Description Climate file Cooling strategy 
PPDmax 

(%) T
h

re
s

h
o
ld

 Air indoor 

temp. oC 

(min) 

Operative 

temp. oC 

(min) 

Minimum permitted  

temperature by 

Boverket  

Case 1 
Stockholm - 

Sveby 
Windows 0.5 (PI) 15 15 21.9 21.9 20 

Room   12V2  42S2 46K2  

Case 2 
Stockholm – 

Sveby 2070 
Windows 0.5 (PI) 14.2 15 22.0 22.0 20 

Room   46V2  42S4 42S4  

Case 3 
Stockholm – 

Sveby 2070 

Windows 0.5 (PI) – 

AHU cooling coil is 

turned on – no room 

cooling units 

14.3 15 21.9 22.0 20 

Room   46K2  42S4 42S4  

Case 4 
Stockholm – 

Sveby 2070 

Windows closed – 

AHU cooling coil is 

turned on – room 

cooling units 

13.9 15 21.9 22.0 20 

Room   12V1  42S4 42S4  

Table 5.6 Maximum values of thermal comfort levels for annual simulations during the winter period, Source: IDA-ICE models (2019) 
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In figure 5.6, it is demonstrated the location of the most affected zones (in aspect of thermal comfort levels) within the building structure. It is 

obvious that these rooms are located at the south side of the building. This is absolutely normal as the low position of the sun during spring and 

the fact that the south façade of a building in the northern Hemisphere is more exposed to the sun than any other façade of the building, create high 

indoor temperatures for the occupants during the summer months.  
 

 

 Figure 5.4 Building top view with the most affected zones during an annual basis, Source: IDA-ICE models (2019) 

 

 

 12 V2   12 K2  

  26 V2 

46 V2   46 K2  
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At the next histogram, the difference in thermal comfort levels is represented for 5 different 

rooms of the building, when it is simulated under both current and future climate scenarios. It 

is clear that levels of thermal discomfort raise from 10%, that is today, to 23% in 2070 for the 

summer period. In addition, another important result that was derived from the simulations is 

that the maximum PPD level occurs in early June for the current climate, while in the future it 

occurs at late of July. Thus, there is also a chronical shift about when occupants feel more 

uncomfortable inside the rooms.  

 
Figure 5.5 Thermal comfort levels for the 5 most affected rooms of the building under current and future climate 

data, Source: IDA-ICE models (2019) 

The next histogram represents the increase in operative temperatures during summer period 

inside the building when the future climate scenario is applied. It is obvious that there is an 

increase of above 2oC when the future climate data is applied and warmer indoor conditions 

will prevail. The time when these maximum indoor operative temperatures occur is the same 

for the current and future climate file, and it is usually between the mid of July and the mid of 

August.  

  

Figure 5.6 Operative temperatures for the 5 most affected rooms of the building under current and future climate 

data, Source: IDA-ICE models (2019) 
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 The previous histograms represent the maximum increase in PPD levels and operative 

temperatures for the first five most affected rooms under the future climate conditions. 

However, the following diagrams provide more general conclusions regarding the maximum, 

average and minimum increase in thermal comfort levels and operative temperatures, when 

they are compared between the current and future weather data. Rooms 1-5 represent the 

maximum increase, that is between 13-13.9% for PPD and 2.0-2.1oC for operative 

temperatures. Rooms 6-10 represent the average room increase, that is between 6.5-9.8% for 

PPD and 1.3-1.6oC for operative temperatures. Finally, rooms 10-15 represent the minimum 

increase and it ranges between 0.5-1.7% for PPD and 0.8-1.0oC for operative temperatures. 

 

Figure 5.7 Thermal comfort levels for different rooms of the building under current and future climate data, 

Source: IDA-ICE models (2019) 

 

Figure 5.8 Operative temperatures for different rooms of the building under current and future climate data, 

Source: IDA-ICE models (2019) 
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At the next figures, it is represented the difference in occupants thermal discomfort under 

current and future weather conditions as well as the difference in indoor temperatures when the 

future climate file is applied. The diagrams regarding the thermal discomfort are represented 

based on the room, that has the highest levels of occupants thermal dissatisfaction under current 

weather conditions. On the other hand, the diagrams regarding the indoor temperatures are 

presented based on the room, that has the highest indoor temperatures under future weathe 

conditions.  

 

Figure 5.9 Current thermal comfort levels in zone 12 V2 under current weather conditions, Source: IDA-ICE 

models (2019) 

 

 Figure 5.10 Future thermal comfort levels in zone 12 V2 under future weather conditions, Source: 

IDA-ICE models (2019) 
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It is clear that the sense of thermal discomfort, that occupants will feel in the same room 

when future weather conditions apply, will increase significantly in the summer months. A 

mean value of 6% thermally discomfort occupants will double to 16% in the future, even 

reaching a maximum value of 23.4%. However, this bad indoor climate can be resolved by the 

implication of room cooling units inside the rooms and the activation of the cooling coil of the 

AHU. By that way, extra space cooling is provided to the rooms, decreasing at the same time 

the maximum indoor temperatures and the sense of thermal discomfort. At the following figure, 

it is demonstrated the impact of cooling systems in the PPD measurement for the same type of 

room under future weather conditions.  

Figure 5.11 Future thermal comfort levels in zone 12 V2 under future weather conditions and installed room 

cooling units, Source: IDA-ICE models (2019) 

 

After the implementation of room cooling units and the activation of the cooling coil in the 

AHU, it is clear that PPD decreases again almost to the levels of today (6%). Its mean value is 

around 6% with some fluctuations around it, but PPD remains at any case under the proposed 

limit of 10% (i.e. the PPD limit for the summer period) even when the future weather data will 

appear. Therefore, the building is now complied with the thermal requirements for the 

occupants. As regarding as the winter period (i.e. the PPD limit is now 15%), it is clear from 

the diagrams that the limits are met and the thermal discomfort levels are always below 15% 

during the winter period in current climate as wells as in future climate.     

The next three diagrams demonstrate the fluctuations in operative and mean air temperatures 

at three different cases. Firstly, when the examined building is under the current weather 

conditions, secondly when the future climate file is applied and lastly under the occurrence of 

future weather conditions but at the same time cooling units have been installed in all the rooms 

and the cooling coil of the AHU is turned on. Thus, it is clear by comparing the two first 

diagrams that there is an increase in both mean air and operative temperatures when future 

climate conditions apply. However, this issue can be controlled by the installation of room 

cooling units, which is shown in the third diagram. Last but not least, it should be mentioned 
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that operative temperature is always slightly higher than the corresponding mean air 

temperature, because operative temperature includes the integration of internal heat gains and 

thermal radiation as well that is emitted within a room. 
 

 
Figure 5.12 Mean air and operative temperatures in zone 26 V2 under current weather conditions, Source: IDA-

ICE models (2019) 

 
Figure 5.13 Mean air and operative temperatures in zone 26 V2 under future weather conditions, Source: IDA-

ICE models (2019)  
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Figure 5.14 Mean air and operative temperatures in zone 26 V2 under future weather conditions and installed 

room cooling units, Source: IDA-ICE models (2019) 

 

It can be figured out that the maximum operational temperature in zone “26 V2” increased 

from 26.2oC to 28.4 oC, when the building is subjected to future weather conditions and there 

is no cooling equipment, but the room is ventilated only by natural mechanisms (i.e. opening 

the windows by the occupants). However, in the case where the cooling coil of the AHU is 

turned on and cooling units have been installed in the rooms then the maximum operative 

temperature is regulated to 26.6oC, almost at the same levels as it is today. In addition, 

according to Boverket’s regulations (i.e. the minimum temperature in winter should not fall 

below 20oC), it is obvious from the diagrams that this requirement is also met. 

Finally, as regarding as the health requirements within the zones of the building the 

following diagrams are representative, because they show the duration of overwhelming (i.e. 

counted in number of hours) the healthy limits during the summer period.  They refer to the 

same zone (46 V2) for the four different case scenarios that were presented in Table 5.6. It is 

obvious that there is an increasing tendency in the number of hours that exceed the health limits 

when a warmer future climate is applied, while this number can be controlled by the selection 

and installation of the proper cooling units.   
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Figure 5.15 Number of hours when the operative temperature in zone 46 V2 is higher than 26 oC, under current 

weather conditions. Source: IDA-ICE models (2019) 

 
Figure 5.16 Number of hours when the operative temperature in zone 46 V2 is higher than 26oC, under future 

weather conditions. Source: IDA-ICE models (2019) 
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Figure 5.17 Number of hours when the operative temperature in zone 46 V2 is higher than 26oC, under future 

weather conditions and absence of room cooling units. Source: IDA-ICE models (2019) 

 

 

Figure 5.18 Number of hours when the operative temperature in zone 46 V2 is higher than 26oC, under future 

weather conditions and room cooling units have been installed. Source: IDA-ICE models (2019) 
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Figure 5.19 Number of hours when the operative temperature in zone 46 V2 is higher than 28oC, under future 

weather conditions. Source: IDA-ICE models (2019) 

 5.5.1 Air velocity impact on thermal comfort levels 
Air velocity in residential buildings is generally low and can be controlled in a smaller grade 

than in commercial buildings, such as offices, shopping centres and galleries, where the air 

flow per square meter is larger and also comfort cooling is used. In IDA-ICE thermal comfort 

calculator, a default value is set regarding the design target for air velocity in the room.  A 

modification on the values of air velocity within the rooms was performed in order to examine 

its impact on how occupants feel inside the rooms and how temperatures are affected. 

According to Boverket, the maximum recommended threshold value in winter season is 0.15 

m/s, in comparison with the summer season where it is recommended that the maximum 

threshold value of air velocity is equal to 0.25 m/s. Therefore, two different sizing cooling day 

simulations were run, in the first case with a value of air velocity equal to 0.15 m/s and in the 

second case equal to 0.25 m/s. Then, in the first case PPD was found to be 8.1%, while when 

the air velocity raised then PPD decreased to 6.9%. So, it seems that occupants exposed to 

indoor conditions with higher values of air velocity during summers feel less warm inside the 

rooms and this leads to lower levels of thermal discomfort for the same weather conditions. 

However, only one threshold value for the predicted air velocity in the rooms can be set in an 

annual simulation in IDA ICE and 0,15 m/s was selected. This gives some %-units higher PPD 

during the summer but on the other hand ventilation flows are low in residentials building and 

create very low air velocities in the rooms. Also during heat wave periods the winds are very 

low and cannot create any draft through open windows so the selected air velocity seems 

reasonable. These results are shown at the figures below. 
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 Figure 5.20 Thermal comfort levels in test case (sizing cooling day simulations), Air velocity (0.15) 

Source: IDA-ICE models (2019) 

 Figure 5.21 Thermal comfort levels in test case (sizing cooling day simulations), Air velocity (0.25) 

Source: IDA-ICE models (2019) 
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The comparison between the two different values of air velocity was performed in the future 

data weather case scenario, where the cooling coil of the AHU is working and room cooling 

units have been installed inside the rooms. Then PPD for the same room was decreased to 8.8% 

for the future weather conditions. So, it seems that occupants, when higher values of air velocity 

are selected, feel during summers less warm inside the rooms and this resulting in lower levels 

of thermal discomfort for the same weather conditions. This is shown at the figures below. 

 
 Figure 5.22 Thermal comfort levels in June for annual simulations, Air velocity (0.15) Source: IDA-

ICE models (2019) 

 

 Figure 5.23 Thermal comfort levels in June for annual simulations, Air velocity (0.25) Source: IDA-ICE 

models (2019) 
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5.6 Windows opening strategy 
The last parameter, that was checked, in order to specify its impact on the thermal comfort 

levels of occupants was the opening control strategy of the windows. The natural ventilation, 

that is offered to the building just by opening the windows, seems to play a crucial role in the 

sense of thermal satisfaction according to the following table. Two different case scenarios 

were selected in order to study the impact of natural ventilation on the building. Firstly, the 

initial concept of opening all windows by the factor 0.5 is the first case scenario. On the other 

hand, it is assumed an opening control strategy of the windows by a smaller factor equal to 0.1. 

Simulating the same building and under the same weather conditions but differing the opening 

of the windows the following results were taken by single sizing day as well as annual 

simulations.  

Climate file 
Opening 

strategy 

PPDmax 

(%) 

T
h

re
sh

o
l

d
 

Air indoor 

temp.oC 

(max) 

Operative 

temp.oC 

(max) 

Stockholm – 

Sveby  

Windows 0.5 

(PI) 
14.5 15 25.8 26.3 

Stockholm – 

Sveby 

Windows 0.1 

(PI) 
14.5 15 26.8 27.5 

Stockholm – 

Sveby 2070 

Windows 0.5 

(PI) 
28.8 15 27.8 28.5 

Stockholm – 

Sveby 2070 

Windows 0.1 

(PI) 
95 15 32.1 32.6 

Table 5.7 Thermal comfort levels for different windows opening strategies, Source: IDA-ICE models (2019) 

Thus, it is clear that the size of opening the windows play a crucial part in the sense of 

thermal satisfaction inside the rooms. When the current weather data are applied, PPD seems 

to remain stable while the temperature increase is higher than in sizing day simulations. In 

annual simulations, a mean increase of 1oC is observed. In addition, when it has to do with the 

future weather conditions then the increase is even sharper. PPD growths sharply from 28.8% 

to 95%, creating in that way a really uncomfortable environment, while maximum indoor air 

temperature increases by 4.3oC and maximum operational temperature increase by 4.1oC.  

However, it should be mentioned at this point that there are no room cooling units neither 

the cooling coil of the AHU is working as a normal case for a residential building, so that is 

another more reason of the so high PPD values, beyond the health limits. These extraordinary 

values can be controlled by the installation of the ideal cooling room units and the activation 

of the cooling coil of the AHU. This chapter was just the presentation of an internal research 

in order to find out how the opening of the windows affect the thermal comfort levels inside 

the zones, but highlights another important issue. It shows the effect especially in future climate 

and with no comfort cooling, with people living in apartments where they are not in good 

physical condition to be able to open windows, such as handicaped people or old people at 

retirement homes. At the results presented in the previous chapters, windows are always open 

by the factor 0.5, but also shows the need to open windows regarding thermal comfort levels. 
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CHAPTER 6 

 

CONCLUSIONS AND DISCUSSION 

 

6.1 Background 
The extensive literature review discussed in Chapters 2-4 has been used to evaluate the 

potential impact of the climate change on the built environment and occupants thermal comfort 

levels. However, as discussed in Chapter 2, climate change constitutes a major threat to the 

capacity of the building stock to deliver thermal comfort as well as comply with health limits 

and must be considered in design, construction and maintenance phase of buildings in order to 

reduce environmental and economic impacts. 

In Chapter 4, a typical modern designed residential block with good external solar shadings 

assumed to be located region of Stockholm, complied with all the latest building regulations, 

was chosen as the case study building. Annual simulations were performed within the 

simulation software IDA – ICE 4.8 to investigate the potential impacts of climate change on 

thermal comfort levels and annual energy use of the case study building. Results from thermal 

simulation are analysed and their significance is discussed in Chapter 5. This chapter draws 

together the conclusions of this study and gives recommendations and possible issues that could 

be investigated in more depth, as they were not studied in this research due to the fact that they 

were out of the scope of this survey. 

6.2 Conclusions 
Achieving the target of sustainable development in the coming years demands humanity to 

comply with the environmental policies, use natural resources in a sustainable way and reduce 

the pollution and waste that human activities produce. Sustainable construction, as an 

incorporated part of sustainable development in the built environment, aims to reduce the 

environmental impact of a building over its entire lifecycle, while at the same time it should 

create comfortable, healthy and safe indoor climate conditions for its occupants. As a result of 

increased global energy demands, as well as in the construction sector, serious environmental 

issues, such as climate change, are becoming more evident and researchers try to investigate 

their impact on the built environment. Therefore the adoption of a new architectural design 

strategy, that will include the limitation of energy use and environmental impact, and will take 

into consideration climate change and its impacts, is a crucial issue right now and many 

researches have been performed on that. The implication of such a strategy can have several 

benefits (i.e. environmental, economic, energy related etc) and will ensure that engineers 

design and construct energy efficient and environmentally friendly buildings under future 

climate conditions as well. 

Most researches, that have been conducted, concentrate on the energy performance of 

buildings under current climate conditions. They provide significant results regarding the 

energy use of the studied buildings and the levels of their thermal comfort provided to 

occupants.  However, they do not consider the potential impacts of climate change on the built 

environment. Any change in the climate conditions that prevail in an area will cause definitely 

changes in the buildings energy use and thermal efficiency and therefore the long-term 

sustainability of the building during its lifecycle. Typical residentials buildings have an average 
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lifespan of 100 years and therefore the climate change that is already taken place will definitely 

affect them during their life cycle. Consequently, they should be analysed and detect the 

specific impacts that changing climate conditions will cause on them.  This study focuses on 

this specific issue, in order to quantify the changes in energy use and thermal comfort levels of 

buildings in the coming 50 years as well as to suggest solutions regarding the construction of 

resilient and energy efficient buildings in the future.  

Analysis of the case study building that was described in Chapter 4, using the energy 

simulation software IDA ICE 4.8, indicates a need of comfort cooling even for a residential 

building with external solar shadings.  Cooling energy demands are more likely to increase in 

residential buildings than heating energy demands, which are predicted to decrease. Therefore, 

it is more a matter of increased cooling energy demands in the coming years due to the raised 

outdoor temperatures during summer. In addition, the usage of domestic hot water seems that 

is the domain energy consumer in future and today as well. This energy parameter has nothing 

to do with the construction of the building, but it is clearly depending on the occupants 

behaviour and use habits. Therefore, engineers should consider some effective techniques (e.g. 

the re-use of already consumed hot water) in order to limit this energy consumer and keep the 

total property energy demand at the desired levels.  

The amount of the reduction in the heating energy requirements or the increase in the cooling 

energy requirements depends mainly on the temperature change in the climate. There are many 

different weather change case scenarios, called RCPs as they were described in Chapter 2. 

According to the scenario that is selected in each research, then the results in heating and 

cooling energy demands are different. The results in this survey refer to the RCP 4.5, which 

was the weather change scenario that was selected as the “medium” case scenario regarding 

climate change according to SMHI’s webpage, [48] for the region of Stockholm. However, the 

“high” climate change scenario RCP 8.5 was found later during the research, that could be the 

most adequate and appropriate case scenario in urban downscaling according to Jorge Amorim 

(2018) and [31].  

In Chapter 5, it was shown that cooling energy demands are going to raise by 7%, increasing 

from 0.4 kWh/m2 to 4.1 kWh/m2 in 2070. On the other hand, heating energy demands are going 

to decrease by 11%, falling from 21.8 kWh/m2 to 13.5 kWh/m2. Moreover, in Sweden, since 

the heating season is much longer than the cooling season the total annual energy consumption 

is going to be less in 2070 than what it is today. The decrease in heating energy outweighs the 

increase in cooling energy. Therefore, it means that occupants finally will not have to pay extra 

costs for cooling their apartments due to the fact of climate change. It is going to be probably 

just an extra initial cost in order to buy and install the external cooling room units. Although, 

it still cannot be the case. If any apartments are already equipped with heating or cooling floors, 

then the occupants will not have to pay any extra cost in order to install room cooling units. 

The raised cooling energy demand could be provided by the cooling floors. All the other aspects 

(i.e. lighting, fans & pump electricity, Domestic Hot Water) of the annual total energy 

consumption remain stable.  

Therefore, the most concerning issue to adopt to changing weather conditions seem to be 

the raise of cooling energy demand. This can be resolved as described before by exploiting 

natural ventilation mechanisms (i.e. opening the windows to refill the room with fresh air), 

activating the cooling operation of the AHU and by installing external room cooling units in 

the case that they are not already installed (i.e. cooling floors). According to Table 5.7, it seems 

that windows opening strategy play a crucial role in the levels of thermal discomfort that 

occupants feel inside a room. However, it is not always possible to open windows in buildings. 

The study cases with smaller window opening in Table 5.7 represents the case that people 

living in apartments, where it is not able to open the windows, due to restrict inflow of pollen, 

that could cause allergies, or other air pollutants dangerous for the human health.  It can also 
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be the case if a building is located close to roads with high emissions and noise levels, that 

restricts significantly the occupants possibility to open the windows. 

In addition, there are some passive energy technologies that could contribute significantly 

to the cooling of buildings. For instance, the installation of external shading systems could 

remarkably reduce the solar gains during summers and limit the overheating hours inside the 

rooms. Furthermore, the creation of green roofs and green spaces within buildings could again 

limit the solar gains during summers. Finally, the replacement of glazing with energy efficient 

glazing that maximizes solar gains during winters and limit them during summers could be 

another solution to the adoption of climate change. 

The modelling results show that while the climate is becoming warmer in the future, it would 

be difficult to sustain the same thermal comfort levels inside the building without the use of 

mechanical cooling equipment. A building that operates efficiently under current weather 

conditions, will present significantly higher indoor temperatures and higher number of hours 

above comfort levels during summer. This means even 3oC higher indoor temperatures under 

future weather conditions, in the worst case scenario where nor room cooling units exist neither 

the cooling coil of the AHU is turned on.  The issue of overwarming rooms is detected mainly 

for rooms with high level of occupancy and equipment usage (i.e. living rooms, kitchen etc). 

For those rooms, the high internal heat gain from occupants and equipment are contributing 

significantly to overheating. Although, this issue can be resolved by the installation and usage 

of mechanical cooling equipment.   Rooms that are cooled down only by natural cooling 

strategies (i.e. opening the windows) cannot create sufficient and comfortable indoor 

conditions. In addition, the usage of cooling possibility of the AHU, it is still not enough to 

create a safe and health indoor environment for the occupants. Consequently, the installation 

and use of external room cooling units is necessary in order to create buildings that operate 

efficiently and provide sufficient thermal comfort levels to their occupants both under current 

and future weather conditions.   

Furthermore, the warming climate underlines the need to reduce internal heat gains to rooms 

as much as possible since it has been proven that they significantly contribute to summertime 

overheating. Another solution to this problem could be the usage of more energy efficient 

equipment by decreasing the power output of the lighting equipment and cooking machines. 

The use of LED lighting and machined that consume less energy could significantly reduce the 

time discomfort mentioned by occupants.  

The most critical period regarding human health is the summer period. The risk of rooms 

overwarming and the incompliance with the health requirements provided by PHAS seem to 

be major threat during summer months. The high outdoor temperatures that will prevail in 

future will derive the threat of creating uncomfortable and unhealthy indoor conditions that 

will be risky for the health of elderly people and children. This study quantifies the amount and 

duration of this overwarming period inside buildings and compares the duration difference of 

the overwarming periods between today and in future.  

Results from this study show that for the case study building, even a building that is able to 

operate efficiently and according to the health regulations today, may not be able to offer the 

same comfortable thermal comfort levels and demands more cooling energy in future. Some 

buildings seem to not accomplish the regulations regarding human health even under current 

weather conditions, and this issue is predicted to be more acute under future weather 

conditions. The developed framework that was used during this research, can assist engineers 

and architects on selecting the most appropriate energy installations so as to create buildings 

that will be resilient even in future conditions, that will be definitely warmer enough. Moreover, 

the results of this survey can be valuable background and technical knowledge for other 

building managers and engineers when designing, constructing and maintaining premises in 

the face of future climate change. 
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6.3 Discussion - Future work 
The results presented in Chapter 5 relate to the energy performance and the thermal comfort 

levels that the building case study can present, for which reasonable assumptions have been 

made regarding variables such as weather conditions, occupancy schedules, internal heat gain 

levels, opening windows strategies, air ventilation flows, building location, orientations and set 

points. Results have shown that internal gains due to equipment and occupants are an important 

element of space heat gains and this can play crucial role if heating and cooling energy demands 

are about to increase or decrease. Therefore, further research is needed to understand better the 

influence of various design variables. 

For instance, it was assumed that occupants are smeared out to rooms according to the 

regulations of [18]. However, this is not the case if a commercial building is investigated. Then, 

occupants can be accumulated in one room during the peak hours, a fact that can cause extra 

thermal discomfort to them due to raised internal heat gains. In addition, commercial buildings 

are usually equipped with cooling units in contrast to residential buildings in Sweden. 

Therefore, the raise of cooling energy demands during the summer period can be significantly 

higher in commercial buildings than in residentials premises, but in that case the buildings 

stakeholders will not have to take an extra cost to put room cooling units, as they already exist. 

In addition, the internal gains from lighting could be significantly less during the summer 

period. With the appropriate control strategies, artificial lighting could be turned off between 

the 1st of June and the 31st of August, because the levels of daylighting are increased during 

this period. Therefore, it means decreased internal heat gains due to lighting and probably less 

demand for space cooling. However, these parameters were out of the scope of this master 

thesis and need to be investigated in further research. 

Another parameter that was considered constant during this whole research was the amount 

of percentage of relative humidity in the atmosphere.  SMHI projections show clearly that 

relative humidity is going to increase in the coming years, but there are no specific 

measurements indicating the exact amount of that increase. Therefore, for reasons of simplicity 

it was assumed that relative humidity is exactly the same in current weather conditions as well 

as in future weather conditions, However, if a model is assumed, that represents the increase 

of humidity in future, this will alter up to a certain grade the results of this survey. Increased  

amounts of humidity in the atmosphere, means that it will make hot weather in future feel 

much, much worse and so an increase in cooling demands of buildings will occur.  Therefore, 

increased levels of humidity could mean extra costs for cooling installations, more energy 

demand for space cooling as well as the adoption of stricter regulations regarding the indoor 

temperatures limits. 

Researches show that a global overwarming is predicted to happen in the coming years. The 

raise of outdoor daily temperatures will tend to increase the energy demand for space cooling 

and reduce the energy demand for space heating. Therefore, engineers and stakeholders should 

prepare mainly to react at raised cooling energy demands and equipment rather than heating. 

On the other hand, there are some other researches as Healy (2003) and  Mercer (2003), that 

state that human health could be affected by excess winter events in the future and colder than 

the current ones. Therefore, these excess winter events will have major impact on the built 

environment as well.  However, these researches were not considered in this survey, as the 

main scope of this study was to investigate the impact of global overwarming on the 

construction field.   

Furthermore, urbanization is quickly transitioning communities from their traditional rural 

based structure to densely inhabited city centres.  According to the United Nations (2002), it is 

estimated that approximately 5 billion people (i.e. 60% of the projected global population of 

8.3 billion) are expected to live in urban areas by 2030. This situation will lead to the creation 

of arid city regions, with higher energy demands and a high growing population rate of 2.4% 
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per year. As a result, higher outdoor daily temperatures will be noticed in urbanized cities  in 

comparison to the corresponding temperatures in adjacent rural areas, which is known as the 

Urban Heat Island (UHI) effect, and consists the major issue that engineers and scientist have 

to deal with today.  

Urban – rural temperature differences are usually greatest after sunset or during night, and 

smallest after sunrise or during the morning or early afternoon. According to Givoni (1998), 

during clear and still-air nights, these temperature differences are about 3-5oC, but also 

elevations of 8-10oC were also observed.  During days cities can be 2-6oC warmer than rural 

areas. However, there are several parameters that affect these temperature differences between 

cities and rural areas, such as the meteorological (i.e cloud cover, humidity, wind speed), 

regional and urban characteristics (i.e thermal properties of the used materials, surface 

waterproofing, surface geometry etc). Therefore, UHI effect on buildings energy consumption 

is a wide range study issue, that should be studied in further depth and take into account all the 

parameters, by which it is consisted of. Consequently, due to the lack of accurate and precise 

projections about the temperature difference that UHI will cause in the region of Stockholm, 

the UHI effect was not studied in this master thesis survey. 

Finally, it was assumed in that research the increase in mean of daily maximum temperatures 

for summer is equal to 2oC, while the increase in mean of daily minimum temperatures for 

winter is equal to 5oC. According to the following table, it is clear that the results of this 

research are independent on the fact if the daily minimum temperatures or the daily maximum 

temperatures are used for both periods (winter and summer).The average value of the seasonal 

daily maximum and minimum temperatures is close to the used values. 

 

Season period 
Raise of daily min 

temp. 

Raise of daily max 

temp. 

Average values of 

min / max temp. 

Summer 2.6 2.2 2.4 

Winter 5.9 2.4 4.2 

Table 6.1 Increase of daily minimum and maximum temperatures for summer and winter, Source: SMHI 
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