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Abstract 

This thesis explores energy performance of building sector in the city of Stockholm based on 
the building energy declaration database. The aims of this master thesis are to analyze the big 
data sets of around 20,000 buildings in Stockholm region, explore the correlation between 
building energy performance and different internal and external affecting factors on building 
energy consumption, such as building energy systems, building vintages and etc. By using 
clustering method, buildings with different energy consumptions can be easily identified. 
Thereafter, energy saving potential is estimated by setting step-by-step target, while feasible 
energy saving solutions can also be proposed in order to drive building energy performance at 
city level. 

A brief introduction of several key concepts, energy consumption in buildings, building energy 
declaration and big data, serves as the background information, which helps to clarify the 
necessity of conducting this master thesis. The methods used in this thesis include data 
processing, descriptive analysis, regression analysis, clustering analysis and energy saving 
potential analysis. The provided building energy declaration data is firstly processed in MS Excel 
then reorganized in MS Access. As for the data analysis process, IBM SPSS is further introduced 
for the descriptive analysis and graphical representation. 

By defining different energy performance indicators, the descriptive analysis presents the 
energy consumption and composition for different building classifications. The results also give 
the application details of different ventilation systems in different building types. 

Thereafter, the correlation between building energy performance and five different 
independent variables is analyzed by using a linear regression model. Clustering analysis is 
further performed on studied buildings for the purpose of targeting low energy efficiency 
groups, and the buildings with various energy consumptions are well identified and grouped 
based on their energy performance. It proves that clustering method is quite useful in the big 
data analysis, however some parameters in the process of clustering needs to be further 
adjusted in order to achieve more satisfied results. 

Energy saving potential for the studied buildings is calculated as well. The conclusion shows 
that the maximal potential for energy savings in the studied buildings is estimated at 43% (2.35 
TWh) for residential buildings and 54% (1.68 TWh) for non-residential premises, and the saving 
potential is calculated for different building categories and different clusters as well. 

Keywords: smart city, big data analytics, building energy declaration, the city of Stockholm. 
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1. Introduction 

1.1 Background 

1.1.1 Energy consumption in buildings 

Energy consumption in building sector accounts for nearly 35 percent of the total energy 
consumption in Europe Union. In Swedish context, according to the statistics from Swedish 
Energy Agency (2014), it can be seen in figure 1.1 that, dwellings and premises account for 
approximately 35 percent of the total energy end use of Sweden in 2012. The statistics also 
summarizes the information on the temperature corrected total energy use for heating, hot 
water and electricity. By taking into account the building area, it is not hard to find in figure 1.2 
that the total building energy performance gives a general trend of decreasing on energy 
consumption in different building types at the national level during the time period from 1995 
to 2012 (Swedish Energy Agency, 2014). 

 

Figure 1.1 Total final energy use by sector in Sweden, 2012 
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Figure 1.2 Total building energy performance by building type in Sweden, 1995-2012 

Stockholm has its own ambitions. Around two million people live in Stockholm region, where is 
characterized by very dense development in places in the city center and sparse development 
in suburban areas, and this leads to the fact of a large number of residential buildings and non-
residential premises in this region (Tillväxt och regionplanering, 2010). 

Based on the features described above, the total energy consumption in building sector is 
comparably larger in the Stockholm region than the rest of places of Sweden. The total energy 
end use of the domestic sector (built environment and service) is approximately 30 TWh 
annually in Stockholm region, which accounts for nearly 60 percent of the region’s total energy 
demand (Swedish Energy Agency, 2014). 

In addition, buildings generally have long lifetimes, and this usually indicates the relatively low 
renovation rate, and the majority of the buildings we have in Stockholm today will still be there 
for certain amount of years. The statistical results by Tillväxt, miljö och regionplanering (Growth, 
Environment and Regional Planning) show that in Stockholm region, a large number of 
apartment buildings were extensively built between the 1960s and 1970s during the period of 
“Million Programme”, while single-dwelling buildings and industrial premises were mostly built 
in the 1970s. These buildings are currently facing extensive renovations, and this also offers the 
opportunity of significantly enhancing the efficiency of energy consumption (TMR, 2010). 

Therefore, one of major challenges for government, academia and industry is to improve the 
energy performance of existing building blocks and facilitate more sustainable and efficient 
energy consumption in new buildings and renovated buildings. 
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1.1.2 Building energy declaration 

In order to implement and promote the idea of improving building energy performance in 
existing buildings, the energy declaration of buildings act was proposed by the government bill 
in the year of 2005, a national programme was launched for improving the building energy 
efficiency and promoting the energy smart constructions. According to this legislation, buildings 
will be subject to inspections, and information about the energy consumption, building systems 
and indoor environment of specific building will be declared in an energy declaration. Building 
owners will be able to reduce the costs of energy use through the energy efficient measures 
and suggestions proposed in the related energy declaration. (Swedish Energy Agency, 2012) 

The proposed act covers most types of buildings, such as detached houses, multi-dwelling 
buildings and non-residential premises. Boverket, the National Board of Housing, Building and 
Planning, issued regulations on exemptions from the energy declaration requirement. The 
exempted building types are listed in table 1.1. (Boverket, 2010) 

Target Buildings Exemptions 

x Rental buildings (multi-dwelling blocks 
and detached and semi-detached houses) 

x Cooperative buildings/tenant-owner flat 
buildings (multi-dwelling blocks and 
detached and semi-detached houses) 

x Non-residential premises for lease 
x Special-purpose estates exceeding 1,000 

m2 (e.g. swimming baths, libraries, 
schools and health care buildings). 

x Buildings with industrial operations or workshops 
x Holiday houses with no more than two dwellings 
x Buildings with a floor area smaller than 50 m2 
x Non-residential buildings for agriculture and forestry 
x Buildings constructed for temporary use 
x Buildings declared listed or historical must be certified if 

there are energy efficient measures possible to carry out 
without distorting the building 

x Buildings belonging to the national overall defense 
x Buildings mainly used for religious activities 
x Leasehold buildings 
x Buildings sold/leased within the same group of affiliated 

companies 
x Single or double-dwelling houses sold/ leased to close 

relatives or leased by will 
x Single or double-dwelling houses sold by expropriation or 

from estates in bankruptcy. 
Table 1.1 Building types included and exempted in energy declaration 

1.1.3 Big data 

Data exists everywhere. It can be found at official institutions and public sectors such as 
administrations, municipalities and governments, and can be found from industries, such as 
private utilities and companies as well. Data exists in different kinds of forms. It is used to be 
printed and published often in magazines, newspaper and white books; nowadays, people can 
also easily get various kinds of data by using their laptops and smart phones. 
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Nowadays, the amount of data in existence is massive, but it was not easy to get access to 
these data. Government data is usually locked in the safe for various reasons, while industries 
are hesitant in providing data on their valuable commodity and services. More and more 
citizens and non-governmental organizations across the world are pressing to get access to 
public data at the national, state and municipal level. In the meanwhile, governments are 
letting in the light gradually. More and more government information now is publishing on the 
Internet and can be accessed by everyone. 

In this thesis, the most basic building energy declaration data, including energy performance, 
property name and address, can be accessed via the official website of Boverket by inputting 
individual energy declaration ID number, but of course, for the purpose of protecting the 
privacy of personal information and avoiding the information abuse, the users must input their 
own personal data in advance to achieve these basic building energy declaration data. However, 
after getting into the database, the next challenge is to make use of this massive amount of 
accessible data effectively, efficiently and profitably, and to make different players and 
participants beneficial from these data at the same time. 

1.2 Aims and objectives 

The aim of this master thesis is to provide support for the retrofitting plan of buildings in the 
city of Stockholm. The objectives are to analyze big data sets of building energy declaration in 
the city of Stockholm, explore the correlation between building energy performance and 
different internal and external affecting factors on building energy consumption, identify low 
energy efficient buildings, analyze energy saving potential and propose feasible solutions for 
driving building energy performance at city level. 

1.3 Research question 

To achieve the above objectives step by step concretely, the research questions are specifically 
proposed as follows: 

What type of information can be derived from this big data set of building energy declaration? 

How to identify the buildings with bad energy performance, and which kind of solutions could 
be useful for these buildings to improve their energy performance? 

What is the correlation between building technologies and the energy performance? Is it 
possible to build a mathematics model to quantify this correlation? 

What is the energy saving potential for these studied buildings?  

What drives building energy performance at city level? 
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2. Methodology 

2.1 Data collection 

Boverket provides the building energy declaration data in this project, and the given database 
mainly contains three parts: building basic information (function, address, construction year 
and etc.), energy consumption (heating, cooling and electricity) and building technology 
(ventilation systems, air-conditioning systems and etc.). 

Building basic information 

Energy declaration ID 
Building type 

Building address 
Building category 
Building vintage 

Heating area 
… 

Building energy performance 

Heating type 
Heating consumption 

Cooling type 
Cooling consumption 

Electricity usage 
Electricity consumption 

… 

Building technology 

Ventilation type 
Ventilation flow rate 

Ventilation control availability 
Air conditioning availability 
Solar collectors availability 

… 

Table 2.1 Building energy declaration database overview 

2.1.1 Building basic information 

Each place of property has its unique energy declaration ID in the database and 17,308 places 
of properties in Stockholm region have been registered in current database, where the 
registration date starts from 2007 till 2011 and the construction year of each property is also 
well recorded (Boverket, 2014), while the renovation or refurbishment year in corresponding 
properties is not taken into account yet. Moreover, the energy declaration can also be 
certificated for large scale residential blocks, so there might be several numbers of buildings in 
each place of property. In the given database, the total number of the buildings in the database 
is 20,078, and there are up to 400 buildings in one place of property, which indicates that these 
buildings are probably with the similar function and energy use pattern, it is therefore 
reasonable for the whole building block to share one unique energy declaration ID. 
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According to Boverket (2013), buildings in the database are classified into two types in general, 
residential buildings and non-residential premises, while the buildings can be further 
categorized into more specific types based on their functions and complexity, and this is based 
on the related information in the original database, and more details can be in Appendix A and 
Appendix B. 

As mentioned before, the registration date of building energy certification starts from 2007 till 
2011, meaning that only certain amount of buildings are certified each year and the energy 
consumption data is actually measured or calculated from demand side of the end users in 
different years, hence it may not be scientifically comparable if the statistical data is from 
different buildings in different time frame. Therefore, another precondition of carrying out 
further energy performance analysis is to normalize and standardize the different temporal 
statistical data and compare them in the same time frame, so that the energy performance 
data is considered as the “normalized annual end user energy demand” of buildings. 

2.1.2 Building energy performance 

According to Boverket (2013), building energy performance is quantified with one key indicator, 
Specific Energy Use, which is defined as the building's energy use divided by the heated area, 
Atemp, and this building’s energy use only includes the consumption for the purpose of heating, 
cooling and property electricity, while domestic electricity consumption for residential buildings 
and operational electricity consumption for non-residential premises are excluded in this 
indicator, for the reason that the extra electricity consumption are not considered as the 
building's basic energy demand for operation. The indicator of specific energy use is calculated 
as follows: 

Specific Energy Use = (EHeating + ECooling + EProperty Electricity)/ATemp, kWh/m2a (2.1) 

Differing from specific energy use, another commonly used metrics is Energy Use Intensity (EUI), 
which is primarily defined by DOE (U.S. Department of Energy) and ASHRAE (American Society 
of Heating, Refrigerating and Air Conditioning Engineers) for the purpose of benchmarking 
energy consumption of existing buildings and new built buildings (DOE, 2014), and it is further 
pointed out and supplemented with many subtleties in this definition (Peterson and Crowther, 
2010). EUI is calculated by dividing the total energy consumed by the building in one year by 
the total floor area of the building, 

Energy Use Intensity = (EHeating + ECooling + ETotal Electricity)/ATotal Floor, kWh/m2a (2.2) 

In equation 2.2, the total electricity consumption is needed for the calculation of this indicator. 
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In this thesis, in order to use the uniform term and be consistent with the references, specific 
energy use is replaced with the term of “energy use intensity” in this project. However, the 
slight difference must be noticed. 

Therefore, in the building energy declaration database, EUI is calculated for 17,308 places of 
properties, and the statistical methods are used in order to carry out the analysis of large 
amount of data and get an overview and insight of buildings’ EUI in the whole Stockholm region.  

2.1.3 Building technology 

The main difference of building technologies applied in the buildings is the ventilation systems. 
Five commonly used ventilation systems are included in the given database, and their specific 
characteristics are briefly introduced in this section. 

F-ventilation: is also called mechanical exhaust air ventilation, and this is the most common 
ventilation type in residential buildings, and one fan for extraction of exhaust air is involved in 
this type of system. Fresh air is supplied by the leakages and vents into the building, and 
extracted by the low pressure difference generated from the exhaust fan, which keeps the 
optimum air flow in the building. The systematic diagram of F ventilation system is shown in 
figure 2.1. (Swedish Energy Agency, 2014) 

 

Figure 2.1 F ventilation system diagram 

FT-ventilation: is a type of mechanical exhaust and supply ventilation with fans for both supply 
and exhaust air controlled by mechanical fans. This is a two set of separate duct systems with 
two mechanical fans. This system is mostly common in office building, while some residential 
buildings are also equipped with this type of system (Boverket, 2009). 

FX-ventilation: is mechanical exhaust flow with heat recovery. There is only one fan in this 
system, but the energy could be recovered by using one heat exchange with the external 
utilization of heat pump. This is always used as small scale systems. 
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FTX-ventilation: is mechanical exhaust and supply ventilation with heat recovery. FTX system is 
actually the FT system installed with one heat exchanger to recover heat from exhaust air for 
the preheating of supply air. The existence of heat exchanger could result in 50-60% lower 
energy consumption compared to FT systems without heat exchangers (Boverket, 2009). This 
type of ventilation system is widely used in large scale non-residential premises. The systematic 
diagram of FTX system can be found in figure 2.2. (Swedish Energy Agency, 2014) 

 

Figure 2.2 FTX ventilation system diagram 

ND: represents natural draught ventilation. Instead of using mechanical fans, ND systems work 
with the natural pressure difference between exterior environment and interior room, while 
the fresh air comes into the building through gaps, leakages and vents. The drawback of this 
system is that it is relatively hard to control the flow in the system, which leads to the potential 
indoor air quality problem during the summer. Besides, it is not possible to collect the indoor 
heat since there are no fans existing in type of systems. In addition, this type of systems may 
result in higher energy consumption. ND system is relatively commonly used in buildings built 
before 1960s in Sweden (Boverket, 2009). The systematic diagram of ND system can be found 
in figure 2.3. (Swedish Energy Agency, 2014) 

 

Figure 2.3 ND ventilation system diagram 
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2.2 Tools and Software 

2.2.1 Microsoft Excel 

The database is originally given in excel format, and modification and correction of the provided 
data is carried out in this original excel file. Besides, a part of the graphical analysis is also 
implemented by using MS Excel. 

2.2.2 Microsoft Access 

The database is further curated and optimized in MS Access. The corresponding data can be 
easily exported to IBM SPSS for further graphical and statistical analysis. 

2.2.3 IBM SPSS 

IBM SPSS is chosen to carry out the graphical and statistical analysis of the given datasets. 
Hence, different file formats of datasets can be easily imported into SPSS, and IBM SPSS is quite 
user friendly for data mining and big data analytics. The license of IBM SPSS is freely provided 
for the students in KTH by KTH PROGDIST (KTH, 2014). 

2.3 Theoretical preparation 

2.3.1 Data curation 

As mentioned in section 2.2, data curation in this thesis includes three steps, data correction in 
MS Excel, database organization and optimization in MS Access and data graphical 
representation and statistical analysis in IBM SPSS and MS Excel. 

In order to analyze the provided data accurately and efficiently, the database is firstly double 
checked to minimize the error rates within the datasets, and some obvious errors are found 
and corrected manually by the author. For example, there are a few mismatches between 
energy declaration ID and the corresponding EUI in the provided database, and this is corrected 
by the author by checking this information on the Boverket website. Besides, it is also necessary 
to mention that there are quite a lot of blanks existed in the original database, most of the 
missed information could be acquired by inputting the energy declaration ID on the official 
website of Boverket, so a large part of the blanks are manually filled by the author as well. 

Thereafter, the completed database can be imported from MS Excel to MS Access, and only the 
most useful data are chosen for the planned analysis, this can be easily processed in MS Access 
by using different queries. 

At last, proper method for data graphical representation, such as boxplot, is very helpful and 
useful for the EUI analysis. 



18 
 

Boxplot (McGill et al., 1978) is one helpful method of displaying the EUI distribution based on 
the five key statistical numbers. The boxplot uses the median, the lower quartile (defined as the 
25th percentile), the upper quartile (defined as the 75th percentile), the lowest observation 
within 1.5 IQR from the lower quartile, and the highest observation within 1.5 IQR from the 
upper quartile. If the lower quartile is Q1 and the upper quartile is Q3, then the difference (Q3 - 
Q1) is called the interquartile range or IQR.  

Thereafter, a mild outlier is defined, if one point x: 

Q1 - 3*IQR < x < Q3 - 1.5*IQR (2.3) 

or Q1 + 1.5*IQR < x < Q3 + 3*IQR (2.4) 

Then an extreme outlier is defined, if one point y: 

y > Q3 + 3*IQ (2.5) 

or y < Q1 - 3*IQ (2.6) 

In the database, the buildings with EUIs above or below a certain value are considered as 
outliers. It is generally reasonable that the outliers located in the lower side will not be 
problematic as these outliers can be directly identified as those buildings with low energy 
consumptions. In the upper side, the extreme upper outliers represent the buildings with 
extremely high annual energy consumptions. 

Statistical errors possibly exist in the database itself, and this database studied in this thesis 
makes no exception. However, it is still decided to keep all of these extreme outliers in this 
analysis instead of easily eliminating these data points, and this is mainly based on the fact that 
these outliers represent real buildings anyway, and they objectively reflect the actual energy 
use pattern in certain buildings. Therefore, in order to keep the completeness of the overall 
analysis, all of the points are not removed. Only these corresponding buildings should be 
considered as “bad but reasonable points” in the boxplots and be treated specially. 

2.3.2 Linear regression 

It is assumed that five independent variables including building age (BA), different ventilation 
types (VT), ventilation flow rate (Q), ventilation control (VC) availability and heating types (HT) 
are linearly correlated with the EUIs in buildings. 

Firstly, it is commonly considered that building vintage is a key impact on building energy 
performance. Some old buildings, for instance, could be less energy efficient compared to those 
newly-built ones, and it can also be found that some specific buildings built at certain 
timeframe could be with high or low energy consumption. 
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Furthermore, various heating types, ventilation types and different technical parameters in 
building energy systems are assumed to have different impact levels of buildings’ energy 
performance. For instance, it can be found out the higher ventilation flow rate usually suggests 
the larger fan or motor in the ventilation system, further indicates a higher energy consumption 
of the building energy system. 

The ideal power consumption of a fan (without losses) can be expressed as: 

P = p*q (2.7) 

With P is ideal power consumption, p is total pressure increase in the fan, and q is the 
ventilation flow rate delivered by the fan. In addition, different ventilation types, ventilation 
control availability and heating types in this study are considered as dummy variables which are 
correlated with energy use in buildings as well. 

Therefore, a multiple linear regression model can be built as, 

                                          (2.8) 

Where     is the constant or intercept,    is the coefficient for each independent variables,    is 
the predictor error. 

Dummy Variables 1 0 
Heating Type Electric heating Non-electric heating 

F Yes Other 
FT Yes Other 
FX Yes Other 

FTX Yes Other 
ND Yes Other 

Ventilation Control Yes Other 

Table 2.2 Dummy variable representation 

2.3.3 k-means clustering 

The purpose of conducting clustering analysis in this thesis is to group buildings with similar 
energy consumption pattern together and use the cluster results as preparation for the further 
energy saving potential analysis. Basic principle of clustering is to gather observations into the 
same cluster, and these observations should be as similar as possible, and at the same time, 
differ from observations from other clusters as much as possible. (IBM, 2014) 

IBM SPSS offers two separate approaches to cluster analysis, hierarchical clustering method and 
non-hierarchical clustering method. Five types of clustering methods are available in IBM SPSS 
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algorithm database, including two-step cluster, k-means cluster, hierarchical cluster, 
discriminant analysis and nearest neighbor analysis (IBM, 2014), of which k-means clustering is 
one of the most frequently used non-hierarchical methods. 

A hierarchical cluster analysis was firstly conducted as a trail, but based on the preliminary 
results yielding from hierarchical clustering, studied buildings in the database cannot be well 
spread into various clusters, and it turns out that it would only form two or three clustered 
groups in the end. Therefore, it is more meaningful for this master thesis to define and assign 
the number of groups beforehand, which is known as the k-means clustering method. 

k-means cluster algorithm is a method of assigning cases to a fixed number of clusters whose 
characteristics are not yet known but are based on a set of specified variables. It is one of the 
simplest methods to classify a large number (usually at the magnitude of thousands) of clusters. 
(Tibshirani et al., 2001). The main idea is of k-means is to assign N observations in a space. k-
means clustering aims to partition n observations into k clusters in which each observation 
belongs to the cluster with the nearest mean, serving as a prototype of the cluster. 

The first step is to define one center for each cluster. These centers should be placed clearly 
because different primary location could cause completely different result, and the decent way 
is to put these locations as diverse as possible. The next step is to take each point belonging to 
a given data set and associate it to the nearest center of the cluster by setting a certain 
threshold, then to set the position of each cluster to the mean of all data points belonging to 
that cluster, and repeat these steps before until it reaches the convergence. Lastly, it is also 
necessary to mention that, in k-means method, the distances are computed using simple 
Euclidean distance. (IBM, 2014) 

The studied buildings are only expected to be clustered based on their categories and energy 
consumption indicators, therefore k-means cluster algorithm is selected as one simple but 
practical method for the clustering in this thesis. 

2.3.4 Theoretical energy saving potential 

Theoretical energy saving potential can be assessed from comparing the current building total 
energy use and the future energy performance target of different scenarios. The first scenario is 
to reach the EUI median target, and the second scenario target is to reach the energy 
performance limiting value in BBR of Boverket (Boverket, 2013). The target is set separately for 
residential buildings and non-residential premises. More details will be found in the section 3.5. 

http://en.wikipedia.org/wiki/Partition_of_a_set
http://en.wikipedia.org/wiki/Mean
http://en.wikipedia.org/wiki/Prototype
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3. Results 

3.1 Energy in buildings 

In this section, the descriptive analysis results on energy in buildings will be given in details, and 
the results present the analysis of energy composition and energy consumption by taking into 
account building types and the vintage. 

3.1.1 Overview 

An overview of building classification and specifically the categories is given in table 3.1. In 
order to be consistent with the classification methodology proposed by Boverket, the buildings 
in the database are classified into two main groups, residential buildings and non-residential 
premises, which are further categorized by considering their specific functions. The details of 
building types can be found in Appendix A then further judged by the detailed information of 
building area and building function in Appendix B. 

Classification Category interpretation & Code representation 

Residential buildings 
1.1  Detached house 
1.2  Multi-dwelling building 
1.3  Multi-dwelling building with additional function 

Non-residential premises 

2.1  Hotel 
2.2  Office building with other additional function 
2.3  Warehouse with office 
2.4  Educational building 
2.5  Industrial building 
2.6  Healthcare building 
2.7  Sports facility 
2.8  Shopping mall 
2.9  Cultural building 
2.10  Communication building 
2.11  Garage 
2.12  Other buildings (theaters, concerts, etc.) 

Table 3.1 Building category in details 

Figure 3.1 analyzes the proportion of annual energy consumption and the building’s heated 
floor area for residential buildings and non-residential premises respectively, and the figure 
gives the similar proportion. This is served as the preliminary information of calculating the 
indicator of total EUI for each building class, and the total EUI is calculated by dividing the 
corrected total annual energy consumption and total heated floor area for residential buildings 
and non-residential premises respectively. This indicator could be defined and used as one 
general way of calculating and comparing the EUI for different building categories. The 
calculation result is listed in table 3.2. 
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Figure 3.1 Annual total energy consumption and heated floor area 

From built environment perspective, energy is mainly consumed for three purposes, the 
provision of heating, cooling and electricity. 

For heating, energy is usually used for two specific purposes, space heating and hot water, and 
the provided data is the total consumption of these two parts. Heating can be provided from 
different sources. Buildings using district heating, oil, natural gas, wood, chips and pellets or 
other biofuels, are classified as non-electric heated buildings, while the electric heated 
buildings mainly use various heat pumps, direct electric heating, hydronic electric heating or 
air-based electric heating. Although the primary energy sources used in heat pumps are 
generally renewable sources, heat pumps are still considered as one of the electric heated 
methods because electricity is directly used in this process for driving the heat pump machine 
itself. 

It is shown in figure 3.2 that district heating is the predominant method for heating purpose, 
and it accounts for over 95 percent of the total energy consumption both in residential 
buildings and non-residential premises in Stockholm region. Apart from district heating, oil and 
direct electric heating are two other major methods for space heating. Figure 3.2 shows that oil 
accounts for around two percent of the energy used for heating both in non-residential 
premises and residential buildings. With regard to direct electricity heating, figure 3.3 gives the 
result that direct electricity heating covers at least 1/3 of the heating consumption in electric 
heated buildings. 
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Figure 3.2 Annual total energy consumption for heating purpose - by heating source 

 

Figure 3.3 Annual total energy consumption for electric heating purpose – by electric heating method 

Referring to the cooling part, centralized district cooling and decentralized air conditioning 
handling unit are two typical solutions of meeting cooling demand in buildings in Stockholm 
region. In the database, 562 buildings are connected with the district cooling system or 
equipped with air conditioning unit for comfort cooling, and it can be concluded from figure 3.4 
that cooling is mainly required in non-residential premises. 
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Figure 3.4 Annual total energy consumption for cooling purpose - by cooling method 

Property electricity is the electricity used to drive the central systems of the building required 
for the building to be used as intended. Examples of this electricity consumption for fans, 
pumps, elevators, installed lights, defrosting gutters and the like (Boverket, 2013). Annual total 
property electricity consumption is shown in figure 3.5, and the result shows non-residential 
premises consume nearly twice more property electricity than residential buildings, even 
though the heated floor area of non-residential premises only accounts for half of that in 
residential buildings. The primary reason for causing this difference is the operation of central 
HVAC (Heating, Ventilation, and Air-conditioning) systems, which may lead to the huge amount 
of property electricity consumption in non-residential premises comparing to the residential 
ones. Other human reasons, such as bad energy use pattern, may also be attributed to such 
high property electricity use in non-residence premises, but it will not be elaborated here in this 
study. Lastly, it should also be pointed out that the low value of property electricity in 
residential buildings does not necessarily mean their low total electricity consumption, as the 
domestic electricity consumption part is not considered in this thesis yet. 

 
Figure 3.5 Annual total property electricity consumption 

0
50

100
150
200
250
300
350
400

Residential buildings Non-residential 
premises

An
nu

al
 e

ne
rg

y 
co

ns
um

pt
io

n 
[G

W
h]

Annual total energy consumption for cooling
- by cooling method

Electricity for 
comfort cooling

District cooling

0

200

400

600

800

Residential buildings Non-residential premises

An
nu

al
 e

ne
rg

y 
co

ns
um

pt
io

n 
[G

W
h]

Annual total property electricity consumption

Electricity



25 
 

The annual total energy consumption and its corrected value are shown in figure 3.6. The 
calculation of EUI is corrected based on the building’s specific location and local weather 
condition (Boverket, 2013). In both of the residential buildings and non-residential premises, 
climate correction of the measured annual heating consumption (excluding domestic/service 
hot water consumption) to a standard year for the location of the building is either via heating 
degree-days (with a peculiar Swedish definition with heating limits during spring and autumn), 
or via the special Energy Index, invented by, and expensively, bought from the Swedish 
Meteorological and Hydrological Institute (SMHI). The measured heating degree-days must also 
be expensively bought from SMHI. The climate correction is done automatically in the online 
software, and the certified energy expert only needs to state the start time of the twelve-
month period the energy data includes. Specifically, property electricity is separated stated and 
without correction (EU, 2010). 

 

Figure 3.6 Annual total energy consumption and the correction value 

The energy consumption details for separate building class can be found in table 3.2. Total EUI 
is therefore calculated, and it is concluded that, in general, residential buildings consumes (151 
kWh/m2a) less energy than non-residential premises (165 kWh/m2a). 

Building 
Type N Atemp 

[m2] 
Heating 
[GWh] 

Cooling 
[GWh] 

Property 
electricity 

[GWh] 

Annual 
total 

energy use 
[GWh] 

Corrected 
annual total 
energy use 

[GWh] 

Total EUI 
[kWh/m2a] 

Residential 
buildings 13673 35839498 4565 25 415 5005 5438 151 

Non-
residential 
premises 

3635 18568231 1773 381 745 2899 3100 165 

Table 3.2 Summary of building energy consumption 
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Both for the residential and non-residential buildings, the information about building vintage is 
available in the database, and the vintages are further classified into several ranges in order to 
carry out the analysis the building energy performance in different time period. Figure 3.7 gives 
the distribution of floor area and corrected total energy use based on different building vintage. 
The results show that the majority of the buildings were built during 1921-1980, and the annual 
total energy consumption shows a similar trend. 

 

Figure 3.7 Heated floor area and annual total energy use in building classification and vintage 

Based on the distribution of energy use and heated floor area in different vintages, the total EUI 
is plotted in figure 3.8. This helps to get an in-depth overview of the trend of total EUI for 
residential and non-residential buildings in different time period. It can be found that the 
maximum EUIs are for both of residential and non-residential buildings from 1941-1960, and it 
shows a decent decreasing trend for the newer buildings constructed from 1960 onwards. 
However, it is also an interesting observation that the total EUI in residential buildings is always 
lower than that in non-residential premises in each time period. 

 

Figure 3.8 Total EUI for residential and non-residential buildings in different time periods 
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The next step is to carry out an in-depth energy performance analysis on each separate building 
category. In order to achieve this target, the boxplot is used for the energy performance for 
different building categories. The meaning of building category codes is listed in table 3.1, and 
the EUI for each building category is calculated and plotted in figure 3.9. Specifically, the 
outliers, including the extreme ones, are also plotted in this figure. It can be found that in 
certain categories (e.g. category 2.12), there exist outliers with extremely high EUIs, and these 
buildings will be further discussed in following sections. 

 

 

Figure 3.9 EUI boxplot by building categories 
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3.1.2 Residential buildings 

Three categories are included in residential buildings, detached house, multi-dwelling building 
and multi-dwelling building with additional function. Table 3.3 summarizes a descriptive 
statistics of these three residential building categories, and information still consists of heated 
floor area, corrected annual total energy consumption and the calculated EUI. It can be found 
that the mean EUIs are higher for multi-dwelling buildings (with/without additional function), 
while smaller scale detached houses have much lower energy consumption intensities. The 
standard deviations of the different categories have more or less the same magnitude and do 
not deviate from the median too much. 

Residential building 
category 

Atemp [m2] 
N Minimum Maximum Sum Mean Std. Deviation 

Detached house 372 34 58974 363738 978 4455 
Multi-dwelling building 5033 30 55940 9779706 1943 2265 

Multi-dwelling building with 
additional function 8268 63 357480 25696054 3108 5715 

 
Residential building 

category 
Corrected annual total energy use [kWh] 

N Minimum Maximum Sum Mean Std. Deviation 
Detached house 372 3523 10882491 55480839 149142 821196 

Multi-dwelling building 5033 5733 11370244 1471973561 292464 332846 
Multi-dwelling building with 

additional function 8268 12886 50534840 3910326179 472947 815941 

 

Residential building 
category 

EUI [kWh/m2a] 

N Minimum Maximum Sum Mean Std. Deviation 
Detached house 372 32 429 46486 125 54 

Multi-dwelling building 5033 15 554 785161 156 46 
Multi-dwelling building with 

additional function 8268 33 497 1319375 160 40 

Table 3.3 Summary of descriptive statistics of residential building category 

Figure 3.10 gives the distribution of floor area and corrected total energy use for three 
residential building categories based on the different vintage, and figure 3.11 shows the 
resultant total EUI for residential building categories based on the building vintage. The 
majority of the buildings is multi-dwelling buildings (with/without additional function) and was 
built between 1921 and 1980, and the main difference of these two categories is the existence 
of other functional area in multi-dwelling buildings, while this may lead to a slight difference of 
the corresponding EUIs; in addition, it is shown that the EUIs for multi-dwelling buildings 
constructed before 1960 keep more or less constant around 140-160 kWh/m2, but for newer 
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buildings constructed from 1960 onwards, it shows an obvious decreasing trend, while the total 
EUI for newest multi-dwelling buildings is around 110 kWh/m2a.  

For detached houses, there are not enough samples in this database, and due to this 
incomplete statistics, there appear fluctuations for detached houses built before 1960 in figure 
3.11, but the basic trend is again the energy consumption decreasing for detached houses 
constructed from 1960 onwards. 

 

Figure 3.10 Heated floor area and annual total energy use in residential building categories and vintage 

 

Figure 3.11 Total EUI for residential building categories in different time period 
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Based on the energy regulation part in Swedish Building Code (BBR), the energy performance 
requirements vary by different heating methods. It makes common sense that electric heated 
buildings usually consume less energy than non-electric heated buildings, both for residential 
and non-residential buildings. Hence buildings are classified based on their heating methods, 
and EUI is plotted in figure 3.12. In the figure, it can be clearly verified by the EUI median that 
electric heated buildings usually consume less compared to non-electric heated buildings, 
generally speaking, this could be explained by the high exergy of electricity heating, but for 
specific cases, of course there still exist exceptions in individual buildings. 

 

Figure 3.12 EUI boxplot of residential building categories and heating methods 

3.1.3 Non-residential premises 

An in-depth descriptive analysis for different categories of non-residential premises is 
summarized in table 3.4, and the given information again consists of heated floor area, 
corrected annual total energy consumption and the calculated EUI.  

It can be clearly seen that the total amount of non-residential premises is much smaller than 
that of residential buildings. Except for industrial building, the mean EUIs for all of the other 
non-residential premise categories are comparably higher than the mean EUIs for residential 
building categories. In addition, the standard deviations of EUIs in table below are much more 
disperse, indicating that the EUIs of certain categories, such as garage, communication building 
and other buildings, vary a lot compared to residential building categories, and another possible 
reason could be the lack of samples in the database. 
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Non-residential premises 
category 

Atemp [m2] 
N Minimum Maximum Sum Mean Std. Deviation 

Communication building 41 75 70178 455786 11117 17876 
Cultural building 111 60 37871 527415 4751 8524 

Educational building 1359 49 62405 3032083 2231 4022 
Garage 9 197 12908 19551 2172 4072 

Healthcare building 196 39 30939 761542 3885 5540 
Hotel 72 100 44100 480959 6680 8575 

Industrial building 117 130 43936 740584 6330 8221 
Office building with 
additional function 1234 14 124000 10443110 8463 12552 

Other buildings 156 19 103500 296328 1900 8378 
Shopping mall 21 863 80923 281198 13390 18474 
Sports facility 76 55 75000 380226 5003 9761 

Warehouse with office 243 54 121550 1149449 4730 9294 
 

Non-residential premises 
category 

Corrected annual total energy use [kWh] 
N Minimum Maximum Sum Mean Std. Deviation 

Communication building 41 41447 12091456 80675926 1967706 3543504 
Cultural building 111 7381 7798576 84156020 758162 1420596 

Educational building 1359 7172 8581389 520931869 383320 670398 
Garage 9 17896 198669 838651 93183 73127 

Healthcare building 196 7003 7444693 139165018 710026 1070872 
Hotel 72 23743 8865156 98264879 1364790 1763705 

Industrial building 117 21600 7364555 107936425 922534 1315182 
Office building with 
additional function 1234 3190 28860042 1670860929 1354020 2256123 

Other buildings 156 5912 8931868 85277320 546649 1178556 
Shopping mall 21 146763 18165612 64590303 3075729 4585763 
Sports facility 76 8461 10917444 74510064 980396 1824611 

Warehouse with office 243 10381 13939598 172874602 711418 1226271 
 

Non-residential premises 
category 

EUI [kWh/m2a] 
N Minimum Maximum Sum Mean Std. Deviation 

Communication building 41 21 577 6759 165 119 
Cultural building 111 34 517 18286 165 69 

Educational building 1359 42 1578 246298 181 71 
Garage 9 14 750 1451 161 244 

Healthcare building 196 35 1155 40094 205 100 
Hotel 72 118 588 16682 232 98 

Industrial building 117 46 384 18215 156 65 
Office building with 
additional function 1234 9 927 204072 165 67 

Other buildings 156 41 4171 65636 421 529 
Shopping mall 21 108 345 4147 197 61 
Sports facility 76 41 424 15729 207 85 

Warehouse with office 243 52 1865 43145 178 133 

Table 3.4 Summary of descriptive statistics of residential building category 
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By using the similar analytical method in residential buildings, total EUI is calculated again for 
non-residential premise categories. Figure 3.13 presents the distribution of floor area and 
corrected total energy use for 12 non-residential premise categories based on the different 
vintages, and figure 3.14 shows the resultant total EUI for non-residential premise categories 
based on the building vintage. 

 

 

Figure 3.13 Heated floor area and annual total energy use in non-residential categories and vintage 

It is obviously seen in figure 3.13 that office building is the main building type and large amount 
of the office buildings were constructed between 1960 and 2000, and the total EUIs for office 
buildings constructed in different vintages actually keep more or less constant around 145-160 
kWh/m2, but for newer buildings constructed from 1960 onwards, it shows a slight decreasing 
trend, while the total EUI for newest office buildings is around 150 kWh/m2a. 

Another main building category is educational building, and most of the buildings in this 
category were constructed between 1940 and 1980. The related total EUI curve of educational 
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buildings with different vintage shows a slow decreasing trend which is similar to that for office 
buildings. 

For other categories, the amount of sample buildings is much less compared to the other two 
categories, and this can be one possible cause of the fluctuations in figure 3.14. Consistent with 
the mean EUIs in table 3.4, the total EUIs for most of the non-residential premise categories are 
comparably higher than that in residential buildings. In certain categories, the maximum EUI 
values are remarkably high (even higher than 4000 kWh/m2a), and these buildings will be 
further identified in following section by using clustering method. 

 

Figure 3.14 Total EUI for non-residential premise categories in different time period 
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Non-residential premises can also be classified based on their heating methods as well, and the 
corresponding EUI is plotted in figure 3.15. In this figure, there are not electric heated garage 
and shopping malls. Except for these two categories, it can still be verified by the EUI median 
that electric heated non-residential buildings also consume less energy compared to the non-
electric heated ones in same category. 

 

Figure 3.15 EUI boxplot of non-residential premise categories and heating methods 

3.2 Building technologies 

This section presents the descriptive statistics about building technologies, mainly focusing on 
the ventilation systems. The analysis on EUI will also be conducted for different ventilation 
types qualitatively. Furthermore, two more energy consumption indicators, Property Electricity 
Use Intensity (PEUI) and Heating Use Intensity (HUI), are defined respectively for the purpose of 
thoroughly analyzing the energy consumption and getting more insight of the indicator of EUI. 

3.2.1 Overview 

Table 3.5 gives a statistical overview on different types of ventilation systems. For residential 
buildings, F system and natural draft system are mostly applied, while FTX are widely used for 
the purpose of efficient heat recovery in non-residential premises. Moreover, it can also be 
concluded that ventilation control is commonly implemented in both building classifications. 
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Building classification 
Ventilation type Ventilation control 

FTX F FT ND FX No Yes 
Residential buildings 1415 6661 1037 6272 428 512 13161 

Non-residential premises 2679 843 884 327 47 136 3499 

Table 3.5 Descriptive statistics of ventilation systems 

The next step is to carry out an in-depth energy performance analysis on each type of 
ventilation systems. In order to achieve this, the EUI boxplot for each ventilation type can be 
found in figure 3.16, and the total EUI is also calculated and plotted in figure 3.17. It is 
interesting to observe that, with the same type of ventilation system, the EUIs in residential 
buildings are always lower compared to non-residential premises. Besides, both of the figures 
show the fact that buildings with FX system consume least energy among different types, and 
buildings with FT use more energy due to the lack of heat recovery and extra energy 
consumption for driving supply air.  

However, it may be difficult to perceive the essence if we only focus on the total EUIs. Hence, 
by using the same calculation methodology, two more indicators, total PEUI and total HUI, are 
calculated and plotted in figure 3.18. 

First, with the same type of ventilation system, the PEUIs in residential buildings are always 
lower compared to non-residential premises, while the HUIs are more or less same for the two 
building classes, indicating one fact that the EUI variance is mainly caused by the different 
electricity consumption. In addition, it can be found that the PEUI of buildings with natural 
draught ventilation is the lowest thanks to the lack of mechanical fans. F-ventilation also needs 
less electricity because it is only one-fan driven system. For the systems with two fans, FT and 
FTX consumes more or less the same amount of electricity for their operation, while it appears 
a relatively high PEUI in FX system. One primary reason is that most of FX systems are 
practically used with heat pumps, while the electricity for driving heat pumps is also included in 
the property electricity consumption. 

For the HUIs, ventilation systems with heat recovery, FX and FTX, require less external heat 
supply than the others. The difference between FX and FTX could be caused either by the pre-
heating of supply air in FTX, or the application of heat pumps in FX systems, which may lead to 
the less heat demand from external heating grids. 
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Figure 3.16 EUI boxplot by ventilation types 

 

Figure 3.17 Total EUI by ventilation types 

 

Figure 3.18 Total PEUI and HUI by ventilation types 
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Figure 3.19 and figure 3.20 explore the impact of ventilation control on total EUI, PEUI and HUI. 
The availability of ventilation control shows a slight energy saving in residential buildings, 
however, it might contradict to the fact for non-residential premises that buildings with 
ventilation control are found to consume more energy than those without ventilation control. 
Besides, the availability of ventilation control is also related to the heat loss in buildings. This 
will be further discussed for different building categories in the following sections. 

 

Figure 3.19 Ventilation control impact on total EUI 

 

Figure 3.20 Ventilation control impact on total PEUI and HUI 
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Building category 
Ventilation type Ventilation control 

FTX F FT ND FX No Yes 
Detached house 9 77 - 119 70 251 121 

Multi-dwelling building 304 2427 181 2148 172 201 4832 
Multi-dwelling building with additional function 1102 4157 856 4005 186 60 8208 

Table 3.6 Descriptive statistics of ventilation systems in residential building categories 

The EUI boxplot for each ventilation type in residential building categories can be found in 
figure 3.21, and the total EUI is plotted in figure 3.22. It is noticed that buildings with FTX 
ventilation generally consume less energy compared to the building with other systems. From 
statistics viewpoint, the energy consumption of multi-dwelling buildings with FX systems is 
remarkably high, and this is mainly caused by extremely high property electricity consumption 
shown in figure 3.23. Furthermore, it is apparent that ventilation systems with heat recovery, 
FX and FTX, require less external heat supply than the other ventilation systems. The energy 
consumption difference between FX and FTX for multi-dwelling buildings might be caused by 
the pre-heating of supply air in FTX system, while that for detached houses is due to the 
application of heat pumps combined with FX systems, and this is consistent with the fact that 
detached houses in the database are solely heated with heat pumps and not connected with 
external heating grids (Mats et al., 2002). 

 

Figure 3.21 EUI boxplot by ventilation types in residential building categories 
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Figure 3.22 Total EUI by ventilation types in residential building categories 

 

Figure 3.23 Total PEUI and HUI by ventilation types in residential building categories 

Figure 3.24 and figure 3.25 present the impact of ventilation control on total EUI, PEUI and HUI 
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Figure 3.24 Ventilation control impact on total EUI in residential building categories 

 

Figure 3.25 Ventilation control impact on total PEUI and HUI in residential building categories 
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Building category 
Ventilation type Ventilation control 

FTX F FT ND FX No Yes 
Communication building 29 6 18 1 - 8 33 

Cultural building 58 41 35 36 2 5 106 
Educational building 1071 286 261 61 15 7 1352 

Garage 3 1 3 2 - 3 6 
Healthcare building 134 56 48 18 - 8 188 

Hotel 53 27 15 6 2 1 71 
Industrial building 87 25 39 4 1 6 111 

Office building with additional function 939 281 281 145 20 64 1170 
Other buildings 72 46 68 20 1 17 139 
Shopping mall 18 7 2 - - 1 20 
Sports facility 49 17 26 9 1 11 65 

Warehouse with office 166 50 88 25 5 5 238 

Table 3.7 Descriptive statistics of ventilation systems in non-residential premise categories 

The EUI boxplot for each ventilation type in non-residential premise categories can be found in 
figure 3.26, and the total EUI is plotted in figure 3.27. 

Buildings with FX and FTX ventilation generally consume less energy compared to the others, 
and this is still applicable except for the category of “Other buildings”, and buildings equipped 
with F and FT seemly have relatively higher EUIs. 

As for the other two indicators of PEUI and HUI, it is anticipated that ventilation systems with 
heat recovery, FX and FTX, would require less external heat supply than the others, but 
contrary to the expectation, the total HUIs in these buildings are not low at all, especially in 
hotel and office building. Another finding from the comparison is that the HUIs seem higher in 
buildings with F system. Irregular patterns are found for PEUIs of different building categories, 
and the main reason for this is the small sample in the studied non-residential premise 
categories, besides, almost all of the EUI outliers are from the non-residential buildings, which 
also contributing to this irregular PEUI pattern. 
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Figure 3.26 EUI boxplot by ventilation types in non-residential premise categories 

 

Figure 3.27 Total EUI by ventilation types in non-residential premise categories 
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Figure 3.28 Total PEUI and HUI by ventilation types in non-residential premise categories 
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Figure 3.29 and figure 3.30 give the impact of ventilation control on total EUI, PEUI and HUI in 
non-residential premise categories. It can be concluded that reasonable control of building 
ventilation systems leads to more energy consumption in certain non-residential premise 
categories; however, the general overview gives an irregular pattern of EUI, PEUI and HUI. The 
irregular results are mostly caused by the lack of samples in certain building categories. 

 

Figure 3.29 Ventilation control impact on EUI in non-residential premise categories 
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Figure 3.30 Ventilation control impact on total PEUI and HUI in non-residential premise categories 
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3.3 Regression analysis 

Energy use in buildings can be driven by various factors internally and externally, and the main 
factors are identified as building vintage, demographics, economic conditions, prevailing life 
style, climate, existing building technologies and many other factors (WBCSD, 2009). Firstly, 
building energy performance depends on external factors such as location of the building and 
the corresponding climate. One building locating in tropical countries will perform completely 
different if it is moved to a Nordic country. Moreover, even in the same city, building energy 
performance of similar buildings could also vary a lot from urban area to rural part. Internally 
speaking, it could be even more complex. Various technologies emerge in building industry with 
time. Envelope materials, HVAC types, building integrated renewable technologies such as PV 
panels, all of these building technologies will affect building energy performance to different 
extent. In addition, consumption pattern and behavior of energy user is identified as another 
important factor in terms of assessing building energy performance, and it is also becoming a 
hot topic both in industry and academia. 

This section explores the correlation between internal and external factors and the building 
energy performance, for both of the residential buildings and non-residential premises. 
However, based on the data availability in this project, only five factors are selected as 
independent variables for the further regression analysis, including building vintage, different 
ventilation types, ventilation flow rate, ventilation control availability and heating types 
(electric or non-electric heated). The selected independent variables are shown in figure 3.31. 
The correlations between the different factors and EUI will be analyzed quantitatively. It is 
necessary to point out the selected number of independent variables will for sure have an 
obvious impact on the robustness of regression model and reliability of results. One assumption 
for conducting further analysis is to acknowledge the impact from all the identified factors. In 
addition, apart from these five factors, others are assumed to be with equal impact on building 
energy performance. 

First, the results of the regression on EUI with building classification are presented; then the 
indicators of PEUI and HUI will be further induced in order to get an in-depth understanding of 
their influence on property electricity consumption and heating consumption respectively, in 
the meanwhile, an stepwise regression is optimized and insignificant independent variables can 
be removed for the simplification and accuracy of this regression model. 
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Figure 3.31 Variables for proposed regression model 

In the proposed multiple linear regression model, all of the independent categorical variables, 
including ventilation type, ventilation control and heating type, are converted into dummy 
variables by using dummy coding in SPSS. Building age is considered as the difference between 
current year (2014) and the given construction year in the database, ventilation flow rate is the 
actual value directly used for regression. It is necessary to be pointed out the data of ventilation 
flow rate is only available for certain amount of buildings, and for the rest of the buildings, this 
value is set as the minimum requirement of keeping indoor air quality in BBR (Boverket, 2013).  

3.3.1 Regression analysis on EUI 

A linear regression of the EUI regarding to all of the proposed independent variables is initially 
conducted for residential and non-residential buildings respectively. It can be seen from table 
3.8 that the intercept of this model is 202 for non-residential and 165 for residential buildings, 
which is fairly consistent with the pervious conclusion about the EUI comparison in both of the 
building classifications. 

In addition, the p-value for each independent variable is used to test the null hypothesis. A low 
p-value (<0.05) indicates the null hypothesis is rejected, meaning that the corresponding 
independent variables with lower p-value are related to changes in the response variable. The 
interpretation is fairly straightforward, in the regression for non-residential premises, 
independent variables including building age, ventilation types of F, FT, FX and FTX are 
statistically significant and strongly related to the EUI of non-residential premises, while by 
using the same theory, independent variables including buildings age, heating type, ventilation 
control, ventilation types of FX, FTX and ND are considered as significant for the EUI of 
residential buildings. 

Furthermore, the impact level on EUI by each variable can also be interpreted by comparing the 
absolute value of the coefficients (unstandardized or standardized coefficient), while the 
positive or negative impact can also be easily interpreted from the sign of the coefficient. Thus, 

Independent Variables
1. Building Age

2. Ventilation Type
3. Ventilation Control

4. Ventilation Flow Rate
5. Heating Type

Dependent 
Variables

1. HUI
2. PEUI
3. EUI
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it can be concluded that for non-residential buildings, if other proposed independent variables 
could be held constant, the application of ventilation type FT and F could increase the EUI by 47 
and 18 unit separately, while the methods of reducing EUI could be the implementation of 
ventilation system FX and FTX, and the potential reduction could be 49 and 21 unit respectively. 
The impact of building age, however, is less significant than we expected, and it also indicates a 
trend that the older non-residential buildings are estimated to be with the lower EUIs. 

For the results of residential buildings, it is found that only building age is evaluated to be with 
the positive impact on EUIs, meaning that the older residential buildings are probably with the 
higher EUIs. From the statistics point of view, all of the other significant variables, including the 
implementation of ventilation control, ventilation type F, FX, FTX and ND, could reduce the EUIs 
of residential buildings to different extent. Besides, it needs to be particularly pointed out that 
electric heating method is tested to be the primary way of reducing EUIs in residential buildings, 
however, it is not entirely true since the electric heated buildings are naturally with the lower 
EUIs and this actually cannot be regarded as one method of reducing EUIs, and it can only be 
considered as one general affecting factor. The affecting factors are visualized in figure 3.32. 

Building 
Type Independent variables 

Unstandardized 
Coefficients 

Standardized 
Coefficients t P R square 

B Std. Error Beta 

Non-
residential 
premises 

(Constant) 202.24 14.421  14.023 0 

0.193 

Building Age -0.088 0.041 -0.039 -2.147 0.032 
Ventilation Flow Rate -10.565 11.484 -0.015 -0.92 0.358 

Heating Type -10.103 5.37 -0.032 -1.882 0.06 
Ventilation Control -1.286 13.327 -0.002 -0.096 0.923 

F 17.789 5.805 0.052 3.065 0.002 
FT 47.881 5.849 0.143 8.187 0 
FX -48.6 20.827 -0.038 -2.333 0.02 

FTX -20.893 6.404 -0.064 -3.263 0.001 
ND -6.15 9.651 -0.012 -0.637 0.524 

Residential 
buildings 

(Constant) 164.581 2.004  82.139 0 

0.413 

Building Age 0.123 0.008 0.135 16.029 0 
Ventilation Flow Rate 0.097 0.922 0.001 0.105 0.916 

Heating Type -47.744 1.034 -0.396 -46.193 0 
Ventilation Control -5.59 1.859 -0.024 -3.007 0.003 

F -1.871 1.122 -0.022 -1.667 0.096 
FT -0.513 1.31 -0.003 -0.392 0.695 
FX -4.456 2.278 -0.018 -1.956 0.05 

FTX -10.014 1.168 -0.07 -8.572 0 
ND -3.185 1.184 -0.037 -2.69 0.007 

Table 3.8 Initial regression results for EUI 
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As for another parameter of R square in table 3.8, it reflects the percentage of the response 
variable variation that is explained by this regression model. It shows 19.3 percent of the 
observations for non-residential premises can be explained by the proposed model while the 
number for residential buildings is 41.3 percent. Two values seem relatively low but it is not 
inherently bad, and one obvious reason here is that the large amount of proposed independent 
variables in this model, and it exactly proves that it is not easy to summarize a precise global 
model which including all the affecting factors and reflect their correlation with EUIs.

 

Figure 3.32 Weighing of dependent variables’ impact on EUIs 
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Therefore, the optimized and simplified regression with stepwise selected independent 
variables is remodeled. For non-residential buildings, ventilation types of FT, F, FTX, FX and 
building age are chosen, and for residential buildings, the selected variables include heating 
type, ventilation control, building age and ventilation types of FTX and ND. In the optimized 
regression, the coefficients, significances and R square values are further modified, and the 
regression results for residential and non-residential premises can be found in Appendix C. 

3.3.2 Regression analysis on PEUI and HUI 

In order to get an in-depth understanding of the independent variables’ impact on property 
electricity and heating consumption respectively, the similar regression models are also built 
for the indicators PEUI and HUI. The regression results are listed in table 3.9 for PEUI and table 
3.10 for HUI. In addition, the stepwise regression method is not used for these two indicators. 

Building 
Type Independent variables 

Unstandardized 
Coefficients 

Standardized 
Coefficients t p R square 

B Std. Error Beta 

Non-
residential 
premises 

(Constant) 50.863 12.787  3.978 0 

0.343 

Building Age -0.081 0.036 -0.038 -2.225 0.026 
Ventilation Flow Rate -7.863 10.183 -0.012 -0.772 0.44 

Heating Type 100.613 4.761 0.343 21.132 0 
Ventilation Control -8.089 11.817 -0.012 -0.685 0.494 

F 9.541 5.147 0.03 1.854 0.064 
FT 27.982 5.186 0.09 5.396 0 
FX -39.238 18.467 -0.033 -2.125 0.034 

FTX 0.75 5.678 0.002 0.132 0.895 
ND -10.93 8.557 -0.023 -1.277 0.202 

Residential 
buildings 

(Constant) 12.749 0.956  13.342 0 

0.775 

Building Age 0.112 0.004 0.179 30.733 0 
Ventilation Flow Rate 0.194 0.44 0.002 0.441 0.66 

Heating Type 62.725 0.493 0.758 127.248 0 
Ventilation Control -5.9 0.887 -0.038 -6.654 0 

F -3.88 0.535 -0.065 -7.247 0 
FT 0.536 0.625 0.005 0.858 0.391 
FX -18.766 1.086 -0.11 -17.275 0 

FTX 3.482 0.557 0.036 6.249 0 
ND -7.963 0.565 -0.133 -14.103 0 

Table 3.9 Regression results for PEUI 

For non-residential premises, it can be noticed that heating type, FT, FX and building age are 
statistically significant. The implement of electric heating and FT are estimated to use more 
property electricity, while the application of FX could lead to property electricity reduction. 
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Older non-residential premises are with less property energy use though the impact could be 
considered less apparent.  

For residential buildings, expect for ventilation flow rate and ventilation type of FT, all of other 
variables are with significance lower than the 0.5 level. Similarly, electric heating is also the 
primary variable with greatest impact on PEUIs, and the older residential buildings are 
estimated with higher PEUIs. The significance and impact level of different variables can be 
found in detail in figure 3.33.  

In addition, for R square in table 3.9, it reflects a higher percentage of the response variable 
variation that can be explained by the regression model for PEUI. 

 

Figure 3.33 Weighing of dependent variables’ impact on PEUIs 
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For the independent variables’ impact on HUI, in non-residential premises, heating type, 
ventilation control and all of the ventilation types are statistically significant with the p-value 
lower than 0.05. 

In residential buildings, the independent variables, including building age, heating type, 
ventilation control, the ventilation types of FT, FX, FTX and ND, are significantly related to HUI. 
The significance and impact level of different variables can be found in detail in figure 3.34.  
However, the lower R square values indicate the regression model of HUI is less explainable for 
the variables. 

Building 
Type Independent variables 

Unstandardized 
Coefficients 

Standardized 
Coefficients t P R square 

B Std. Error Beta 

Non-
residential 
premises 

(Constant) 151.248 6.98  21.669 0 

0.276 

Building Age -0.009 0.02 -0.008 -0.446 0.656 
Ventilation Flow Rate -3.434 5.558 -0.01 -0.618 0.537 

Heating Type -6.019 2.599 -0.038 -2.316 0.021 
Ventilation Control -4.354 6.45 -0.012 -0.675 0.5 

F 9.219 2.81 0.055 3.281 0.001 
FT 13.93 2.831 0.084 4.921 0 
FX -42.84 10.08 -0.068 -4.25 0 

FTX -32.934 3.1 -0.204 -10.625 0 
ND 9.837 4.671 0.04 2.106 0.035 

Residential 
buildings 

(Constant) 143.43 1.762  81.393 0 

0.437 

Building Age 0.11 0.007 0.135 16.341 0 
Ventilation Flow Rate -0.447 0.811 -0.004 -0.551 0.582 

Heating Type -42.656 0.909 -0.398 -46.927 0 
Ventilation Control -9.254 1.635 -0.045 -5.659 0 

F -0.277 0.987 -0.004 -0.28 0.779 
FT -3.09 1.152 -0.021 -2.682 0.007 
FX -5.016 2.003 -0.023 -2.504 0.012 

FTX -15.778 1.027 -0.124 -15.357 0 
ND 1.988 1.041 0.026 1.909 0.056 

Table 3.10 Regression results for HUI 
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Figure 3.34 Weighing of dependent variables’ impact on HUIs 
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3.4 Clustering 

This section describes the application of the theory in section in order to derive patterns from 
the data set, and the clustering is performed for all the buildings in the database. The next step 
is to decide the dimensions that can be used for k-means method, and the main idea is to 
cluster buildings by the amount of used energy and the type of energy use, so EUI, HUI and 
PEUI are selected as the parameters for k-means method. The results of EUI cluster centers for 
both residential buildings and non-residential premises can be found in table 3.11, and more 
details, such as the building composites, building vintage and ventilation information of each 
cluster, are attached in the appendix D. 

In this thesis, k value is assigned as 10 for residential buildings while 15 for non-residential 
premises. The number is large enough to discern and distinguish the buildings with different 
energy parameters into various clusters. A maximum number of 100 iterations are chosen, but 
it needs to be pointed out that the clustering results could reach convergence with the iteration 
number of 10 iterations and stay constant after 50 iterations. 

Building 
Category Case N 

Cluster Center EUI [kWh/m2a] 
Initial Final 

Residential 
buildings 

1 3879 147 156 
2 2868 209 184 
3 336 312 260 
4 591 15 65 
5 58 394 317 
6 1525 260 216 
7 12 472 406 
8 3129 104 130 
9 4 554 507 

10 1271 61 102 

Non-
residential 
premises 

1 4 1082 1052 
2 2 1865 1863 
3 88 494 385 
4 886 247 214 
5 12 755 736 
6 1415 128 159 
7 2 2430 2431 
8 291 365 285 
9 26 622 534 

10 1 2687 2687 
11 896 9 104 
12 3 1230 1205 
13 3 1578 1609 
14 1 4171 4171 
15 5 927 917 

Table 3.11 EUI cluster centers for both residential buildings and non-residential premises 
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3.4.1 Residential buildings 
10 clusters of residential buildings are listed based on the EUI values. For the EUI values, there 
is an obvious EUI distribution of different clusters, though the difference between the clusters 
does not appear to be so much residential buildings. 

When focusing on the building categories for each cluster, it can be found that most of the 
clusters have a high proportion of multi-dwelling buildings (with/without additional function), 
especially in cluster 1, 2 and 8. Besides, it actually appears a more even distribution from the 
vintage perspective, indicating the weak correlation between the vintage and the energy 
consumption. 

As for the heating type, for buildings with low EUIs in cluster 4, it is noticed that most of them 
are electric heated buildings, residential buildings with non-electric heating are mainly in 
cluster 1, 2, 6 and 8 with the higher EUI (130-216 kWh/m2a). 

One interesting conclusion is for the ventilation systems, buildings in cluster 5, 7 and 9 are 
found with a relatively lower proportion of ventilation control availability. However, there is no 
obvious trend of different ventilation systems in the clusters. 

Furthermore, by taking into account other two energy indicators, HUI and PEUI, the energy 
consumption pattern of each cluster can be clearly identified. Buildings in cluster 4 with the 
lowest mean HUI is averagely much less heated comparing with the others, meanwhile this 
cluster also has the highest PEUI proportion. It is necessary for buildings of cluster 3, 5, 7 and 9 
to improve the heating efficiency according to their high mean HUI values. 

3.4.2 Non-residential premises 

Non-residential premises are divided into 15 clusters. For the EUI values, there is an obvious EUI 
distribution of different clusters. The difference between these clusters seems to be much 
more obvious comparing with that in residential buildings. In addition, it can be found that 
most of non-residential buildings are in cluster 4, 6, 8 and 11. The other clusters only contain 
small number of buildings with remarkably high EUIs, which is caused by the existence of some 
extreme outliers and the diversity of building categories in non-residential premises.   

Cluster 1: Four buildings with remarkably high cluster center EUI (1052 kWh/m2a); all of the 
buildings belong to the category of “Other buildings” and are constructed in the time frame of 
1941-1961; mostly of them are non-electric heated buildings, using FT or FTX with ventilation 
control. 

Cluster 2:  Only two buildings with remarkably high cluster center EUI (1863 kWh/m2a), and 
one belongs to the category of “Other buildings” while one for “Warehouse with office”; two 
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buildings are non-electric heated and constructed between 1961 and 1980, also using FT or FTX 
with ventilation control. 

Cluster 3: Contain 88 buildings with relatively high cluster center EUI (385 kWh/m2a), and 
different building categories can be found in this cluster, however the majority is still from the 
category “Other buildings” and constructed during the period 1941-1980; quite a lot buildings 
are equipped with FTX or FT ventilation system. 

Cluster 4: Contain 886 buildings with normal cluster center EUI (214 kWh/m2a), and most of 
the buildings in this cluster are educational buildings and office buildings constructed between 
1941 till 1980; more than 20 percent of the buildings are electric heated, and FTX system is 
widely used in this cluster. 

Cluster 5: Only 12 buildings in this cluster, and the cluster center EUI is 736 kWh/m2 per 
standard year, again, they are mainly from the category of “Other buildings”; most of them are 
constructed during the time period of 1941 to 1980, and FT system is mostly used. 

Cluster 6: 1415 buildings are included in this cluster with a fairly good cluster center EUI of 159 
kWh/m2a; again educational buildings, office buildings and healthcare buildings take up more 
than 80 percent of the total buildings, and the vintage is more evenly distributed; as for the 
ventilation systems, FTX and FT systems are still the dominant ones, whilst F and ND systems 
are also used but with a smaller fraction. 

Cluster 7: Only two buildings with extremely high cluster center EUI (2431 kWh/m2a), and both 
of them belong to the category of “Other buildings”; these two buildings are non-electric 
heated and constructed between 1941 and 1960, equipped with ventilation controlled FTX 
systems. 

Cluster 8: 291 buildings in this cluster, and with the cluster center EUI of 285 kWh/m2a, and the 
building are majorly educational buildings, office buildings and healthcare buildings constructed 
during 1961 and 1980, and again, the most commonly used ventilation systems are FT and FTX. 

Cluster 9: 26 buildings with the high EUI of 534 kWh/m2a, and one third of them belong to the 
category “Other buildings”, and again the buildings are mainly non-electric heated and 
constructed between 1941 and 1980, whilst equipped with ventilation controlled FT or FTX 
systems. 

Cluster 10: Only one healthcare building with surprisingly high EUI of 2687 kWh/m2a, while the 
building is electric heated and with FT system. 

Cluster 11: 896 low consumption buildings in this cluster with the EUI center of 109 kWh/m2a, 
mainly are still office buildings and educational buildings; the vintage is quite evenly distributed, 
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and it is turned out that buildings constructed before 1900 could also have fairly good energy 
performance, while FTX is again the major ventilation type in this cluster. 

Cluster 12: Only contains three buildings, with quite high EUI of 1205 kWh/m2a. 

Cluster 13: Contains three buildings, high 1609 kWh/m2a. 

Cluster 14: Only one building with EUI of 4171 kWh/m2a. 

Cluster 15: Five buildings in this cluster, with quite high EUI of 917 kWh/m2a. 

The high energy consumption buildings in these four clusters (12-15) are again mainly from the 
category of “Other buildings” and constructed in the timeframe of 1941 till 1960. F, FT and FTX 
systems are still the main ventilation types. 

Again, HUI and PEUI can be used for analyzing energy consumption pattern of each cluster. 
Comparing with residential buildings, non-residential premises averagely show a much higher 
PEUI performance. Most of the clusters are with PEUI larger than 100 kWh/m2a except for 
cluster 4, 6, 8 and 11, and cluster 7, 10, 13 and 14 perform even worse with average PEUI above 
1000 kWh/m2a. In terms of heating performance, abnormal usage appears in cluster 2, 12 and 
13 with average HUI larger than 500 kWh/m2a, and other clusters including 1, 3, 5, 9 and 15 
should also improve heating efficiency and reduce the overall consumption. 

To sum up, it can be seen from the results that all the residential buildings and non-residential 
premises have been already widely grouped into different groups with quite spread centers. 
The overall results from this section of will serve as the preparation for conducting the further 
energy saving potential analysis in the following section. More specifically, visualization of the 
energy saving potential for each cluster can be better used by city planners and policy makers 
as concrete proof in order to choose which buildings could be the retrofitting target and by how 
much energy could be theoretically saved if these buildings in certain clusters are chosen for 
the retrofitting plan. 

3.5 Energy saving potential 

The results of energy saving potential are presented in this section. The saving potential per 
building category will be summarized based on two proposed scenarios, and the savings will be 
also analyzed for the clusters defined in previous section. 

3.5.1 Energy saving scenarios 

Scenario A: Medians of each building category are selected as expected energy performance 
target in this scenario. It could be interesting if all of the high energy use buildings in each 
category could cut their energy use and reach the median-value target, and meanwhile, the 
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other buildings with low EUI values are assumed to at least keep their current energy 
consumption level. The EUI median of each building category is directly from the statistical 
result of SPSS, which are listed in table 3.12 below. 

Building Category EUI Median Target [kWh/m2a] 
Communication building 172 

Cultural building 161 
Detached house 127 

Educational building 170 
Garage 67 

Healthcare building 188 
Hotel 199 

Industrial building 139 
Multi-dwelling building 154 

Multi-dwelling building with additional function 157 
Office building with additional function 156 

Other buildings 208 
Shopping Mall 190 
Sports facility 194 

Warehouse with office 165 
Table 3.12 EUI medians of building categories 

Scenario B: Energy saving potential can be also estimated by taking into account the limiting 
specific energy performance value proposed by Boverket. The proposed target is actually for 
the newly built buildings, while the intention here is to see the energy saving potential if the old 
buildings would also reach this proposed building regulation. In addition, those old buildings 
which already reach the energy performance target are assumed to at least keep their current 
energy consumption level. The limiting values are directly from BBR (Boverket, 2013), which are 
listed in table 3.13 below. 

BBR 

Specific energy use [kWh/m2a] Zone I - 
North 

Zone II  - 
Middle 

Zone III – South 
(Stockholm) 

New Built Residential (non-electric heating) 130 110 90 
New Built Residential (electric heating) 95 75 55 

New Built Non-residential (non-electric heating) 120 100 80 
New Built Non-residential (electric heating) 95 75 55 

Table 3.13 Proposed energy performance target for new buildings by Boverket 

3.5.2 Energy saving per category 

Therefore, the total energy saving potential can be calculated for each scenario. The initial total 
energy use of the buildings in the database is 8.5 TWh for one standard year. In Scenario A, 
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around 11 percent of current consumption should be cut in order to reach the median-EUI 
target in the Stockholm region. 

In Scenario B, to reach the energy saving target for electric and non-electric heated buildings 
proposed by Boverket, the total energy use for all the buildings should be cut to 4.5 TWh in one 
standard year, meaning that around 47 percent of current consumption needs to be cut for 
reaching this goal. To be more specific, the target in this scenario is set separately for 
residential buildings and non-residential premises. 

Building Category 

Initial 
Energy 

Use 
[MWh] 

Energy Saving Scenario A Energy Saving Scenario B 

Use 
[MWh] 

Saving 
[MWh] 

Saving 
[%] 

Relative 
Saving 

[%] 

Use 
[MWh] 

Saving 
[MWh] 

Saving 
[%] 

Relativ
e 

Saving 
[%] 

Communication 
building 80676 70775 9901 12 1.1 34445 46231 57 1.1 

Cultural building 84156 73401 10755 13 1.2 39401 44755 53 1.1 
Detached house 55481 42226 13255 24 1.4 28488 26993 49 0.7 

Educational 
building 520932 456779 64153 12 7 234277 286655 55 7.1 

Garage 839 540 299 36 0.1 553 286 34 0.1 
Healthcare building 139165 122913 16252 12 1.8 59561 79604 57 2.0 

Hotel 98265 87993 10272 10 1.1 36659 61606 63 1.5 
Industrial building 107936 89328 18608 17 2 57762 50174 46 1.2 

Multi-dwelling 
building 1471974 1338479 133495 9 14.5 830551 641423 44 15.9 

Multi-dwelling 
building with 

additional function 
3910326 3617998 292328 7 31.9 2222663 1687663 43 41.8 

Office building with 
additional function 1670861 1413477 257384 15 28 796025 874836 52 21.7 

Other buildings 85277 44148 41129 48 4.5 22546 62731 74 1.6 
Shopping mall 64590 50244 14346 22 1.6 22496 42094 65 1.0 
Sports facility 74510 59903 14607 20 1.6 29597 44913 60 1.1 

Warehouse with 
office 172875 151894 20981 12 2.3 85563 87312 51 2.2 

Total 8537863 7620101 917762 11 - 4500586 4037277 47 - 
Table 3.14 Energy saving potential by building category 

For the saving details, the absolute energy saving together with the percentage energy saving 
potentials are both calculated for each category. It can be seen from table 3.14 that the 
absolute energy saving potential is huge in multi-dwelling buildings and office buildings, and 
this is of course due to the large amount of the buildings in these two categories. For some 
categories like “shopping mall” and “other buildings”, the absolute savings seem fairly low, 
however the percentage energy savings are relatively high, which could be interpreted as high 
energy saving potential compared with their current energy use in these categories, whilst the 
total EUIs of these categories are also comparably higher in general. 
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Figure 3.35 Percentage energy saving potential per building category 
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Figure 3.35 presents the percentage energy saving potential for each building category in both 
scenarios. On one hand, for the categories with a large number of buildings, such as multi-
dwelling building and office building, the total absolute energy saving could be conspicuous, but 
the percentage energy saving based on their current consumption is less obvious; on the other 
hand, for the categories with small amount of buildings (relatively speaking), such as shopping 
mall and other buildings, the total absolute energy saving could be less conspicuous, but from 
the percentage perspective, the savings in these building categories are with huge potential. 

3.5.3 Energy saving per cluster 

Table 3.15 gives the energy saving potential for each cluster of residential building. In Scenario 
A, 8 percent of current consumption should be cut in order to reach the median-EUI target for 
residential buildings, and 43 percent of current consumption needs to be cut in order to reach 
the tougher limiting of EUIs in Scenario B. Besides, for the median target, cluster 2 and 6 have 
the highest saving potentials, and it is also interesting to find that cluster 4 and 10 actually do 
not need to reduce their energy use since their EUIs are already below the limiting value; 
further, in order to achieve the tighter target, cluster 1 and 2 have the highest overall energy 
saving potential, and this is also partially thanks to the fact of the large amount of buildings in 
these clusters. Specifically, the relative energy saving potential are also calculated with dividing 
energy saving in each cluster with total enery saving, therefore those important clusters for 
achieving energy targets in different scenarios can be easily identified. 

Group 
No. N 

Initial 
Energy 

Use 
[MWh] 

Energy Saving Scenario A Energy Saving Scenario B 

Use 
[MWh] 

Saving 
[MWh] 

Saving 
[%] 

Relative 
Saving 

[%] 

Use 
[MWh] 

Saving 
[MWh] 

Saving 
[%] 

Relative 
Saving 

[%] 
1 3879 1700000 1666265 33735 2 7.7 959533 740466 44 31.4 
2 2868 1178334 1003916 174419 15 39.7 574014 604320 51 25.6 
3 336 110374 66618 43756 40 10 37683 72691 66 3.1 
4 591 67055 67055 0 0 0 56374 10680 16 0.5 
5 58 16931 8283 8649 51 2 4731 12201 72 0.5 
6 1525 608584 440071 168512 28 38.4 246579 362005 59 15.4 
7 12 6983 2673 4310 62 1 1494 5489 79 0.2 
8 3129 1352019 1351891 128 1 0 897211 454807 34 19.3 
9 4 8119 2551 5568 69 1.3 1464 6655 82 0.3 

10 1271 389382 389382 0 0 0 302618 86765 22 3.7 
Total 13673 5437781 4998704 439077 8 - 3081701 2356079 43 - 

Table 3.15 Energy saving potential in residential clusters 

Figure 3.36 compares the percentage energy saving potential for each cluster in residential 
buildings. It clearly shows that cluster 9,7,5,3 and 6 have high percentages, and these clusters, 
in fact, are classified and identified as high energy consumption clusters. The relative energy 
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saving potential can also be seen from the figure 3.36, and it can be easily seen cluster 2 and 6 
have very high relative potential for achieving energy targets in scenario A, and cluster 1 has 
the highest relative saving potential in scenario B. 

 

Figure 3.36 Percentage energy saving potential and percentage relative energy saving potential per 
cluster for residential buildings 

Table 3.16 summarizes the energy saving potential for each cluster of non-residential premises. 
15 percent of current consumption should be cut in order to reach the median-EUI target for 
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Group 
No. N 

Initial 
Energy 

Use 
[MWh] 

Energy Saving Scenario A Energy Saving Scenario B 

Use 
[MWh] 

Saving 
[MWh] 

Saving 
[%] 

Relative 
Saving 

[%] 

Use 
[MWh] 

Saving 
[MWh] 

Saving 
[%] 

Relative 
Saving 

[%] 
1 4 2433 479 1954 80 0.4 171 2261 93 0.1 
2 2 5154 573 4581 89 1 222 4932 96 0.3 
3 88 101615 48387 53229 52 11.1 21039 80576 79 4.8 
4 886 869888 675967 193921 22 40.5 316324 553564 64 32.9 
5 12 8257 2366 5890 71 1.2 897 7360 89 0.4 
6 1415 1078998 1043383 35615 3 7.4 529267 549731 51 32.7 
7 2 1128 97 1031 91 0.2 37 1091 97 0.1 
8 291 370098 213608 156491 42 32.7 102495 267603 72 15.9 
9 26 14339 4950 9389 65 2 2052 12287 86 0.7 

10 1 8481 656 7824 92 1.6 174 8307 98 0.5 
11 896 629159 629157 3 1 0 445525 183634 29 10.9 
12 3 5338 902 4435 83 0.9 347 4990 93 0.3 
13 3 1076 124 952 88 0.2 54 1022 95 0.1 
14 1 909 45 864 95 0.2 12 897 99 0.1 
15 5 3210 704 2507 78 0.5 269 2941 92 0.2 

Total 3635 3100082 2621397 478685 15 - 1418884 1681198 54 - 
Table 3.16 Energy saving potential in non-residential clusters 

For the median target, cluster 4 and 8 have the highest saving potentials, and it is obvious that 
cluster 11 barely needs to reduce the energy use since its EUI is below the limiting value; 
further, in order to achieve the tighter target, cluster 4 and 6 have the highest overall energy 
saving potential. 

Figure 3.37 presents the percentage energy saving potential for each cluster in non-residential 
buildings. Comparing to the percentage results of residential clusters, the energy saving 
potentials in most of the non-residential clusters are much greater in general, and this again 
proves that most of the EUI outliers in studied buildings are from the non-residential clusters, 
and the buildings in these clusters should be paid special attention to. Besides, cluster 3, 4, 6, 8 
and 11 have also relatively high energy saving potential comparing to other clusters. 
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Figure 3.37 Percentage energy saving potential and percentage relative energy saving potential per 
cluster for non-residential premises 
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4. Conclusion 

In this thesis, we investigated the building energy performance of the domestic sector in the 
city of Stockholm.  By utilizing the building energy declaration database provided by Boverket, 
17,308 places of properties (20,078 buildings) in Stockholm region have been studied by taking 
into account different energy consumption indicators and building technologies.  

The provided building energy declaration data was firstly processed in MS Excel then 
reorganized in MS Access. As for the data analysis process, IBM SPSS was further introduced for 
the descriptive analysis and graphical representation. 

According to the descriptive analysis results, residential buildings consumed more than 60 
percent of the total energy, mainly due to the large heating demand in winter. Then the total 
EUI was therefore calculated as 151 kWh/m2a in residential buildings, while 165 kWh/m2a in 
non-residential premises. 

As for the ventilation systems, in residential buildings, F and natural draft were mostly applied, 
while FTX was widely used for the purpose of efficient heat recovery in non-residential 
premises. Moreover, ventilation control was commonly implemented in both building 
classifications. By defining two other indicators, PEUI and HUI, more in-depth details of EUI in 
different building categories were achieved and well explained. 

The correlation between building energy performance and five different independent variables 
was researched as well. A linear regression of the EUI regarding to the proposed independent 
variables was conducted for residential and non-residential buildings respectively. The results 
of regression analysis clearly showed the influence of building age on energy use intensity was 
much less than the expectation, while the actual building characteristics, such as heating types, 
different building ventilation systems and ventilation control availability, appeared to have a 
much larger influence on both of the total energy consumption and energy use intensity. As for 
the variable of ventilation flow rate, the results gave a decent impact from this factor, but the 
data used for the regression analysis was only available for certain amount of buildings, 
therefore the questionable results needs to be further proven when the complete dataset is 
ready in the future. 

Clustering was performed on studied buildings for the purpose of targeting low energy 
efficiency groups, and the buildings with various energy consumptions were well identified and 
grouped based on their EUIs. Residential buildings were divided into 10 clusters and non-
residential premises were divided into 15 clusters. For the EUI values, there was an obvious EUI 
distribution of different clusters, though the difference between the clusters does not appear 
to be so much residential buildings. While in non-residential premises, an obvious EUI 
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distribution was shown between different clusters. The difference between these clusters 
seemed to be much more obvious comparing with that in residential buildings. Therefore, this 
has proved that clustering method is quite useful in our analysis, however some parameters in 
the process of clustering needs to be further adjusted in order to achieve more satisfied results. 

Furthermore, energy saving potential for the studied buildings was calculated as well. Two 
targets, EUI median target and Boverket BBR target, were set in order to see the possible 
theoretical energy saving potential. The maximal potential for energy savings in the studied 
buildings was estimated at 43% (2.35 TWh) for residential buildings and 54% (1.68 TWh) for 
non-residential premises. It was also calculated for different building categories and different 
clusters. However, the economic and temporal feasibility analysis is left for the future work. 
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5. Discussion 

5.1 Future work 

Due to current lack of identified independent variables and inconsistent data, the robustness of 
the used linear regression model is expected to be further tested and validated in the future, if 
more factors can be identified and more concrete data source is available in the building energy 
declaration database. 

Selection and scaling of variables is an important consideration in k-means clustering analysis. If 
the variables are measured on different scales or different unit, the results may be unavoidably 
misleading, and this is the reason that measured data such as ventilation rate are not supposed 
to be treated as one dimension. In addition, if an inappropriate number of clusters have been 
set initially, or another case, some important variables are omitted, the clustering results may 
also be very misleading. 

In terms of the clustering results, it is still debatable whether more variables should be included 
for clustering, but this is contradicted to the fact that, in the provided database, the availability 
of dimensions are quite limited for the selection. In fact, an appropriate number of clusters are 
hard to be determined, and usually an empirical way to find the best number of clusters is to 
try k-means clustering with different number of clusters and measure the resulting sum of 
squares of each trail, but this could be extremely inefficient. Furthermore, the characteristics of 
the provided “static” data sources also directly limit the clustering results. In this database, the 
energy consumption data are only break up according to the end carriers (heating, cooling and 
property electricity) and primary sources (mainly for heating sources). Moreover, the city of 
Stockholm is widely covered by district heating network, so it is basically meaningless to set 
energy consumption by heating sources as one dimension to conduct the clustering analysis 
within this database. Besides, the data inconsistence of certain parameter also reduces the 
dimensions that can be set. 

Regarding the reliability of the energy saving potential, it has been mentioned in previous 
sections that the energy saving potential in this thesis is only analyzed theoretically, technical 
and economical applicability of the overall saving target is not studied yet. It is generally 
considered that the theoretical saving potential usually stays very optimistic but both of the 
technical and economical energy saving potential could be much more strict and crueler, and 
this is also left for future work. 
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5.2 Energy saving: opportunities and barriers 

According to energy requirement of BBR and promotion of low energy consumption buildings, 
energy saving solutions can be proposed from technical, economic and social viewpoint 
respectively. These solutions can be found in details in table 5.1. 

Most of the mentioned solutions are technically feasible, and some of them are actually with 
tremendous energy saving potential, but the current fact is that energy saving potential is not 
necessarily equivalent to degree of implementation if the financial and temporal factors are 
taken into consideration. 

Financial investment would be the biggest problem. One research project conducted by the city 
of Stockholm clearly gives the financial cost estimation of several feasible energy saving 
solutions under Swedish context (Lönngren, 2012). It can be clearly seen in table 5.2, those 
large scale energy saving solutions with decent saving potential, such as insulation or 
renovation of the ventilation system, would require large amount of financial support in the 
meantime. 

Economic incentives of implementing these solutions may partly come from local government, 
but this would much depend on those policy makers who make the decisions. Even if the 
government would be willing to invest these large renovation projects, it also requires the 
additional investment from the industrial players (WBCSD, 2008). 
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Aspect Saving Solutions Possible drawbacks & Barriers Currently 
feasible 

For 
future 

Technical 

Electricity 

1. Install small scale building integrated PV (BIPV) system for local electricity generation Investment √  
2. Promotion of high energy efficiency appliances (lighting, computer, coffee machine), low energy 
light and whitewares Investment & throw away old appliance √  
3. Buildings automatisation (e.g. close external door automatically, auto switch-off the lights when 
nobody is at home) Investment √  
4. Implementation of smart electricity grids Affected by whole electricity grids  √ 
5. Renewable energy use (heat pumps, offshore wind power plant) in the generation side Decision of power plants  √ 

Domestic 
hot/cold 

water 

1. Install solar thermal collectors for hot water production for the building itself, and it also can be 
sold to other buildings as the micro-system Investment √  
2. Lower the supply hot water temperature Impact on life standard √  
3. Collecting storm water or used water for toilet flushing, using highly efficient fittings, fixtures 
and appliances Investment for collection systems √  

4. Waste water heat exchanger can be considered Not too efficient since not too much 
waste water. √  

5. Smart water meters that inform consumers of their consumption and identify leakage Investment of smart water meters  √ 

District 
heating/ 
cooling 

1. Install solar thermal collectors for local hot water production for heating system Investment √  
2. In smart heating systems, pre-heating/cooling mechanism to decrease the heating supply time 
then save energy. Decision of heating grids  √ 

3. Energy storage for thermal energy due to hot water production Expensive/ low efficiency  √ 

Building 
HVAC 

system, 
envelop 

and other 
related 
parts 

1. Increase heat recovery rate of ventilation system by using more efficient heat exchanger. Investment √  
2. For ventilation system, VAV is more energy saving than CAV Control sensors √  
3. Sun-shade by using curtain/shutters and schedule for the shading of windows.  improve thermal 
performance of the envelope (reduce glass wall facades design for this concern), Impact on daylighting √  
4. The constructions elements, i.e. material and insulation in walls, floor and roof, type of 
windows, to get as well insulated building as possible. Impact on aesthetics and cost √  
5. Increasing thermal insulation of walls and windows (lower the U-value) Investment √  
6. Increasing the air-tightness in building by minimize the small cracks between windows and walls Detection √  

Social 
Behavior 

1. Adjustment of behaviors, such as closing the windows when the heating system is on or 
switching off the light when nobody is at home Conservative √  
2. Posters on energy saving Not too many people care √  

Policy & 
Education 

1. Legislation on energy saving Decided by the government  √ 
2. Accept new technologies and high efficiency appliances and make good use of them. Social acceptance  √ 

Economic 
Tariff 

Municipality could consider inducing the water tariff to promote further water efficiencies; for 
electricity and heating grids, new tariffs mechanism varies from different primary energy sources 
and especially encourage people to consume electricity during the non-peak period. 

Decided by the government √  

Incentive 
& Subsidy 

Give certain amount of incentives on high energy efficiency applicance users or energy saving 
equipment users Decided by the government  √ 

Table 5.1 Possible energy saving solutions
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Measure Renovation/installation cost 
Climate shells (insulation) 2000-3000 SEK/m2 

FTX ventilation for non-residential premises 500-1000 SEK/m2 

Efficient lighting 50-100 SEK/m2 
Heating systems (thermostat) 30-50 SEK/m2 

Efficient water taps 40-70 SEK/m2 
Phase out oil heating and direct electric heating - 

Table 5.2 Cost estimation of certain energy saving measures 

5.3 Data inconsistence 
One biggest challenge during this thesis is the data inconsistence and errors occurred in the 
original building energy declaration database. 

The energy declaration cannot be certified for all the properties and buildings for every year, so 
it is considered that all the energy consumption are static data and should not vary too much 
with in short period. Even though most of the values are calculated, estimated and corrected, 
the building energy use would still vary from year to year due to contextual and internal factors 
mentioned in previous sections, and this will probably cause the inaccurate result in some 
extent. Therefore, in order to carry out more accurate and valuable analysis, consistent and 
complete data could be much helpful, but of course, this would also require a lot of human 
effort even financial support for data measurement. 

As mentioned in section 3.3, the data of ventilation flow rate used for the regression analysis is 
only available for certain amount of buildings, leading to the possibility of unreliable results, 
and this could only be solved if the complete dataset is ready in the future. 

In addition, geographical information such as address, post number could be used for further 
geo-statistics analysis in this thesis. However, due to the incompleteness and inconsistence of 
the given data, most of the post numbers are left empty in the original database, it is therefore 
not feasible to visualize the calculated energy performance data by using Geographic 
Information System (GIS) software any more. This could be realized as well if the complete 
dataset is ready in the future. 

5.4 New target: nZEB 

The energy saving potential could be further estimated by taking into account another energy 
performance target, nearly zero energy building (nZEB). 

The concept of nearly zero energy building is emerging all over the world. The nZEB target was 
launched by the energy performance of buildings directive recast (EPBD recast) in 2010 at EU 
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level. According to the recast, nZEB is defined as building with a very high energy performance 
and where energy need is covered to a very significant extent by energy from renewable 
sources (REHVA, 2013). The EU Member States shall ensure that new buildings occupied and 
owned by public authorities will be nearly zero energy buildings after 31 December 2018 and all 
new buildings will be nearly zero energy buildings after 31 December 2020 (Martinac, 2013). In 
order to implement the concept into practical cases in Member States, nZEB can be interpreted 
as: technically and reasonably achievable national energy use of > 0 kWh/m2a, but no more 
than a national limit value of non-renewable primary energy, achieved with a combination of 
best practice energy efficiency measures and renewable energy technologies which may or may 
not be cost optimal (REHVA, 2013). 

In Sweden, a report for promotion of nZEB 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 delivered energy per heated floor area are goals for the year 2020. 
The midterm goal for 2015 is that at least 25% of the floor area of all erected buildings in 2015 
should fulfill the energy requirements for the year 2020. For new buildings owned or used by 
the state the requirements are for the year 2019 and the portion in 2015 that should fulfill 
them is at least 50%. About 80% of the population lives in southern climate zone and less than 
10% lives in the northern climate zone (EQUA, 2013). The promotion and implementation of 
nZEB will definitely facilitate the improvement of building energy performance both for new 
buildings and renovated buildings. The anticipated specific energy use of nZEB in Sweden in 
2020 can be found in table 5.3. 

Specific energy use [kWh/m2a] Zone I - 
North 

Zone II  - 
Middle 

Zone III – South 
(Stockholm) 

Residential (non-electric heating) 75 65 55 
Residential (electric heating) 50 40 30 

Non-residential (non-electric heating) 70 - 105 60 - 90 50 - 75 
Non-residential (electric heating) 50 - 75 40 - 60 30 - 45 

Table 5.3 Proposed energy performance values for new buildings in Sweden in 2020 

This is proposed as the target and the guideline of nZEB in Sweden in 2020, and more promising 
energy saving potential could be looking forward to if nZEB would be more than fancy concept 
on paper, but also come to our life and be found in our yard. 
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Appendix 

Appendix A: Building category classification 
Code Category (skatteverket) Category interpretation Classification 

222 222 - Småhus, flera småhus med 
bostad för mer än två fam. Detached house 

Residential buildings 
320 320 - Hyreshusenhet, huvudsakligen 

bostäder Multi-dwelling building 

321a 321a - Hyreshusenhet, bostäder >= 
50% och lokaler Multi-dwelling building with 

additional function 321b 321b - Hyreshusenhet, bostäder och 
lokaler > 50% 

322 322 - Hyreshusenhet, hotell eller 
restaurangbyggnad Hotel 

Non-residential premises 

324 324 - Hyreshusenhet, 
parkeringshus/garage Garage 

325 325 - Hyreshusenhet, huvudsakligen 
lokaler 

Office building with additional 
function 
Warehouse with office 

326 326 - Hyreshusenhet, kontor inom 
industrimark 

Office building with other 
additional function 
Warehouse with office 

400 400 - Ej fastställd typ av 
industrienhet Industrial building 

823 823 - Specialenhet, vårdbyggnad Healthcare building 

824 824 - Specialenhet, bad-, sport- och 
idrottsanläggning Sports facility 

825 825 - Specialenhet, skolbyggnad Educational building 
826 826 - Specialenhet, kulturbyggnad Cultural building 

829 829 - Specialenhet, 
kommunikationsbyggnad Communication building 

999 999 - Övriga 
Shopping mall 
Other buildings (theaters, 
concerts, etc.) 

Table A.1 Building category classification 
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Appendix B: Terms glossary in building energy declaration database 
Swedish Terms English Translation 

Deklarationsid Energy declaration ID 
Reg.datum Registration date 
Län State 
Kommun Municipality 
Fastighetsbeteckning Name of property 
Ägarens namn Owner name 
Person/orgnummer Personal number 
Adress Address 
Postnr Post number 
Postort City 
E-postadress Email 
Telefonnummer Telephone number 
Mobiltelefonnummer Mobile number 
Antal byggnader  Number of buildings 
Fjärrkyla correction Cooling correction 
Byggnadstyp  Building type 
Byggnadskategori  Building category 
Byggnadens komplexitet Building complexity 
Nybyggnadsår Construction year 
Atemp Atemp 
Fönster Window 
Mätt/beräknat Measured/Calculated 
BOA BOA 
LOA LOA 
BRA, m2 BRA, m2 
BTA, m2 BTA, m2 
Antal Källarplan uppvärmda till >10 grader Number basement heated to> 10 Degrees 
Avarmgarage Garage area 
Antal våningsplan ovan mark Number of floors above ground 
Antal trapphus  Number of stairwells 
Antal bostadslägenheter Number of apartments 
Proj. genomsnitt ventflöde, l/s, m2 Average ventilation flow 
Bostäder, inkl biarea, %  Housing, including other space 
Hotell, pensionat och elevhem, % Hotels, rooming houses and boarding houses  
Restaurang, % Restaurant 
Kontor och förvaltning, % Office and administration 
Butiks- och lagerlokal för livsmedel, %  Store and warehouse for consumption 
Butiks- och lagerlokal för övrig handel, % Store and warehouse for other trades 
Köpcentrum, % Shopping malls 
Vård, dygnet runt, %  Care, round the clock 
Vård dagtid (samt serviceboende, frisersalong o. 
dyl), %  

Health daytime (sheltered, a hair salon and so on) 

Skolor (förskola-universitet), %  Schools (Pre-university) 
Bad-, sport-, idrottsanläggningar (ej 
utomhusarenor), %  

Sports Facilities (except outdoor stadiums) 

Teater-, konsert-, biograflokaler och övriga 
samlingslokaler, %  

Theater, concert, cinema 

Övrig verksamhet - ange vad  Other operations - indicate what kind of operation 
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Övrig verksamhet, %  Other operations 
Summa verksamhet  Total business 
Office Atemp area correction Office Atemp area correction 
Fjärrvärme kWh (1)   District Heating kWh (1)  
Eldningsolja kWh (2)  Oil kWh (2) 
Naturgas, stadsgas kWh (3)  Natural Gas & Town gas kWh (3) 
Ved kWh (4)  Wood kWh (4) 
Flis/pellets/briketter kWh (5)  Chips / Pellets / Briquettes kWh (5) 
Övrigt biobränsle kWh (6)  Other Biofuel kWh (6) 
El (vattenburen) kWh (7)  Electricity (hydronic electric heating) kWh (7) 
El (direktverkande) kWh (8) Electricity (direct electric heating) kWh (8) 
El (luftburen) kWh (9)  Electricity (air-based electric heating) kWh (9) 
Markvärmepump (el) kWh (10)  Electricity (ground heat pump) kWh (10) 
Värmepump-frånluft (el) kWh (11)   Electricity (exhaust air heat pump) kWh (11)   
Värmepump-luft/luft (el) kWh (12)  Electricity (air-air heat pump) kWh (12) 
Värmepump-luft/vatten (el) kWh (13)  Electricity (air-water heat pump) kWh (13) 
Summa 1-13 kWh (Energi för uppvärmning och 
varmvatten) 

Sum 1-13 kWh (Total energy use for heating) 

Varav energi till varmvattenberedning kWh  Total energy for water heating, kWh 
Fjärrkyla (14) kWh Total energy use for district cooling (14) kWh 
Finns solvärme? Any solar heating? 
Om ja, ange total solfångararea, m2  If Yes, state the total collector area 
Fastighetsel (15) kWh Property electricity (15) kWh 
Hushållsel (16) kWh  Household electricity (16) kWh 
Verksamhetsel (17) kWh  Operational electricity (17) kWh 
Komfortkyla (18) kWh  Comfort cooling (18) kWh 
Summa 7-13, 15-18 (El totalt) Sum 7-13, 15-18 (Total electricity consumption) 
Summa 1-15, 18 (Värme, kyla och fastighetsel) Sum 1-15, 18 (Heating, Cooling and Property Electricity) 
Summa 7-13, 15, 18 (El exklusive hushållsel och 
verksamhetsel) 

Sum 7-13, 15, 18 (Electricity excluding household and 
operational electricity) 

Normalårskorrigerat värde (graddagar) kWh Average Year Corrected Value (Degree Days) 
Normalårskorrigerat värde (Energi-Index)  (Underlag 
för energiprestanda) 

Average Year Corrected Value (Energy Index) 

Energiprestanda kWh/m2, år Energy performance 
....varav el kWh/m2, år  Percentage of electricity consumption 
Finns det krav på ventilationskontroll i byggnaden?  Any standards for ventilation control in the building? 
Ventilationstyp FTX  Ventilation Type: FTX  
Ventilationstyp F Ventilation Type: F 
Ventilationstyp FT  Ventilation Type: FT 
Ventilationstyp Självdrag Ventilation Type: Natural Draft 
Ventilationstyp F med återvinning  Ventilation Type: FX 
Är vent.kontrollen godkänd vid tidpunkten för 
energideklarationen?  

Is the ventilation control approved 

Delvis godkänd, %  Partially approved, % 
Finns luftkonditioneringssystem med nominell 
kyleffekt större än 12 kW  

Is air conditioning systems with rated cooling output 
greater than 12 kW 

Nominell kyleffekt enl standard kW  Nominal cooling capacity based on standard kW 
Byggnadens nuvarande kyleffektbehov kW  Current cooling capacity in the building kW 
Area som är luftkonditionerad m2  Air-Conditioned area m2 

Table B.1 Terms glossary in building energy declaration database 
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Appendix C: Modified regression results on EUI 

Building 
Type Model Independent 

variables 

Unstandardized 
Coefficients 

Standardized 
Coefficients t p R square 

B Std. Error Beta 

Residential 
buildings 

1 
(Constant) 164.436 0.373  440.965 0 

0.384 
Heating Type -46.293 0.951 -0.384 -48.676 0 

2 
(Constant) 155.771 0.633  245.992 0 

0.406 Buildings Age 0.12 0.007 0.132 16.84 0 
Heating Type -47.381 0.944 -0.393 -50.213 0 

3 

(Constant) 157.029 0.649  241.837 0 

0.411 
FTX -9.32 1.114 -0.065 -8.363 0 

Buildings Age 0.117 0.007 0.128 16.34 0 
Heating Type -47.55 0.941 -0.395 -50.508 0 

4 

(Constant) 163.183 1.864  87.522 0 

0.412 

FTX -9.134 1.115 -0.064 -8.191 0 
Buildings Age 0.118 0.007 0.13 16.523 0 
Heating Type -48.217 0.96 -0.4 -50.23 0 
Ventilation 

Control 
Availibility 

-6.418 1.823 -0.028 -3.521 0 

5 

(Constant) 163.381 1.867  87.521 0 

0.413 

FTX -9.523 1.131 -0.067 -8.419 0 
Buildings Age 0.123 0.008 0.135 16.331 0 
Heating Type -48.175 0.96 -0.4 -50.181 0 
Ventilation 

Control 
Availibility 

-6.247 1.825 -0.027 -3.424 0.001 

ND -1.491 0.729 -0.017 -2.045 0.041 
Table C.1 Modified regression results on EUI of residential buildings 
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Building 
Type Model Independent 

variables 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t p R square 
B Std. 

Error Beta 

Non-
residential 
premises 

1 
(Constant) 173.682 2.702  64.273 0 

0.166 
FT 55.633 5.48 0.166 10.153 0 

2 
(Constant) 169.004 2.975  56.801 0 

0.177 FT 55.107 5.472 0.165 10.071 0 
F 20.723 5.562 0.061 3.726 0 

3 

(Constant) 180.99 5.582  32.424 0 

0.182 
FT 51.708 5.629 0.154 9.185 0 
F 17.777 5.678 0.052 3.131 0.002 

FTX -14.214 5.602 -0.044 -2.537 0.011 

4 

(Constant) 182.19 5.605  32.507 0 

0.185 
FT 51.45 5.628 0.154 9.143 0 
F 17.577 5.676 0.052 3.097 0.002 

FTX -14.882 5.607 -0.046 -2.654 0.008 
FX -46.359 20.776 -0.036 -2.231 0.026 

5 

(Constant) 190.334 6.573  28.956 0 

0.189 

FT 50.806 5.631 0.152 9.023 0 
F 18.36 5.682 0.054 3.231 0.001 

FTX -17.482 5.71 -0.054 -3.061 0.002 
FX -49.303 20.8 -0.039 -2.37 0.018 

Buildings Age -0.09 0.038 -0.04 -2.367 0.018 
Table C.2 Modified regression results on EUI of non-residential premises
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Appendix D: Clustering results 

Case N 

Cluster Center 
EUI [kWh/m2a] Building category Building Vintage Heating Type 

Initial  Final 
Detached 

house 

Multi-
dwelling 
building 

Multi-
dwelling 
building 

with 
additional 
function 

<1900 1900-1920 1921-1940 1941-1960 1961-1980 1981-2000 2001-2010 
Non-

electric 
heated 

Electric 
heated 

N % N % N % N % N % N % N % N % N % N % N % N % 
1 3879 147 156 65 2 1303 34 2511 65 411 11 333 9 958 25 1191 31 642 17 245 6 99 3 3586 92 293 8 
2 2868 209 184 63 2 1053 37 1752 61 204 7 131 5 681 24 1247 44 520 18 63 2 22 1 2766 96 102 4 
3 336 312 260 3 1 155 46 178 53 31 9 16 5 173 52 87 26 25 7 4 1 0 0 310 92 26 8 
4 591 15 65 98 17 276 47 217 37 19 3 28 5 170 29 136 23 17 3 128 22 93 16 39 7 552 93 
5 58 394 317 0 0 31 53 27 47 19 33 2 3 27 47 4 7 2 3 2 3 2 3 53 91 5 9 
6 1525 260 216 11 1 523 34 991 65 99 7 21 1 431 28 716 47 200 13 51 3 7 1 1412 93 113 7 
7 12 472 406 2 17 2 17 8 67 5 42 0 0 5 42 2 17 0 0 0 0 0 0 10 83 2 17 
8 3129 104 130 70 2 1130 36 1929 62 381 12 431 14 909 29 432 14 277 9 469 15 230 7 2658 85 471 15 
9 4 554 507 0 0 3 75 1 25 0 0 0 0 2 50 1 25 1 25 0 0 0 0 4 100 0 0 

10 1271 61 102 60 5 557 44 654 52 129 10 132 10 319 25 213 17 73 6 244 19 161 13 733 58 538 42 
          

Case N Mean 
HUI 

Mean 
PEUI 

Ventilation Control 
Ventilation Type 

FTX F FT ND FX 
yes no yes no yes no yes no yes no yes no 

N % N % N % N % N % N % N % N % N % N % N % N % 
1 3879 133 15 3777 97 102 3 414 11 3465 89 2099 54 1780 46 342 9 3537 91 1693 44 2186 56 54 1 3825 99 
2 2868 158 13 2738 96 130 5 213 7 2655 93 1394 49 1474 51 229 8 2639 92 1368 48 1500 52 20 1 2848 99 
3 336 222 26 329 98 7 2 13 4 323 96 149 44 187 56 18 5 318 95 183 55 153 46 0 0 336 100 
4 591 55 53 496 84 95 16 33 6 558 94 141 24 450 76 22 4 569 96 272 46 319 54 110 19 481 81 
5 58 268 39 47 81 11 19 5 9 53 91 14 24 44 76 4 7 54 93 36 62 22 38 0 0 58 100 
6 1525 186 17 1494 98 31 2 103 7 1422 93 768 50 757 50 86 6 1439 94 705 46 820 54 31 2 1494 98 
7 12 328 76 10 83 2 17 2 17 10 83 5 42 7 58 4 33 8 67 5 42 7 58 0 0 12 100 
8 3129 111 18 3042 97 87 3 456 15 2673 85 1556 50 1573 50 253 8 2876 92 1422 45 1707 55 99 3 3030 97 
9 4 431 37 3 75 1 25 1 25 3 75 2 50 2 50 1 25 3 75 3 75 1 25 0 0 4 100 

10 1271 86 34 1225 96 46 4 175 14 1096 86 533 42 738 58 78 6 1193 94 585 46 686 54 114 9 1157 91 

Table D.1 Clustering results for residential buildings 
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Case N 

Cluster Center 
EUI [kWh/m2a] Building category 

Initial Final 

Communi
cation 

building 

Cultural 
building 

Educational 
building Garage Healthcare 

building Hotel Industrial 
building 

Office 
building 

with 
additional 
function 

Other 
buildings 

Shopping 
Mall 

Sports 
facility 

Warehouse 
with office 

N % N % N % N % N % N % N % N % N % N % N % N % 
1 4 1082 1052 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 100 0 0 0 0 0 0 
2 2 1865 1863 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 50 0 0 0 0 1 50 
3 88 494 385 1 1.1 1 1.1 17 19.3 1 1.1 7 8 7 8 2 2.3 13 14.8 24 27.3 2 2.3 7 8 6 6.8 
4 886 247 214 11 1.2 21 2.4 381 43 0 0 62 7 23 2.6 18 2 257 29 23 2.6 8 0.9 23 2.6 59 6.7 
5 12 755 736 0 0 0 0 1 8.3 1 8.3 0 0 0 0 0 0 1 8.3 8 66.7 0 0 0 0 1 8.3 
6 1415 128 159 9 0.6 49 3.5 580 41 0 0 67 4.7 27 1.9 37 2.6 495 35 39 2.8 8 0.6 19 1.3 85 6 
7 2 2430 2431 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 100 0 0 0 0 0 0 
8 291 365 285 3 1 8 2.7 119 40.9 0 0 27 9.3 10 3.4 9 3.1 77 26.5 12 4.1 1 0.3 11 3.8 14 4.8 
9 26 622 534 2 7.7 1 3.8 4 15.4 0 0 1 3.8 3 11.5 0 0 4 15.4 10 38.5 0 0 0 0 1 3.8 

10 1 2687 2687 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 100 0 0 0 0 0 0 
11 896 9 104 15 1.7 31 3.5 256 28.6 7 0.8 31 3.5 2 0.2 51 5.7 386 43.1 23 2.6 2 0.2 16 1.8 76 8.5 
12 3 1230 1205 0 0 0 0 0 0 0 0 1 33.3 0 0 0 0 0 0 2 66.7 0 0 0 0 0 0 
13 3 1578 1609 0 0 0 0 1 33.3 0 0 0 0 0 0 0 0 0 0 2 66.7 0 0 0 0 0 0 
14 1 4171 4171 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 100 0 0 0 0 0 0 
15 5 927 917 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 20 4 80 0 0 0 0 0 0 

 

Case N 
Building Vintage Heating Type 

<1900 1900-1920 1921-1940 1941-1960 1961-1980 1981-2000 2001-2010 Non-electric heated Electric heated 
N % N % N % N % N % N % N % N % N % 

1 4 0 0 0 0 0 0 2 50 2 50 0 0 0 0 3 75 1 25 
2 2 0 0 0 0 0 0 0 0 2 100 0 0 0 0 2 100 0 0 
3 88 4 4.5 7 8 3 3.4 24 27.3 37 42 7 8 6 6.8 63 71.6 25 28.4 
4 886 106 12 63 7.1 86 9.7 188 21.2 317 35.8 92 10.4 34 3.8 706 79.7 180 20.3 
5 12 1 8.3 0 0 0 0 6 50 4 33.3 0 0 1 8.3 7 58.3 5 41.7 
6 1415 165 11.7 121 8.6 147 10.4 261 18.4 415 29.3 238 16.8 68 4.8 964 68.1 451 31.9 
7 2 0 0 0 0 0 0 2 100 0 0 0 0 0 0 2 100 0 0 
8 291 31 10.7 20 6.9 23 7.9 61 21 120 41.2 32 11 4 1.4 234 80.4 57 19.6 
9 26 0 0 1 3.8 1 3.8 10 38.5 9 34.6 5 19.2 0 0 17 65.4 9 34.6 

10 1 0 0 0 0 0 0 0 0 1 100 0 0 0 0 0 0 1 100 
11 896 112 12.5 64 7.1 81 9 105 11.7 236 26.3 242 27 56 6.3 572 63.8 324 36.2 
12 3 1 33.3 0 0 0 0 1 33.3 1 33.3 0 0 0 0 3 100 0 0 
13 3 0 0 0 0 0 0 2 66.7 0 0 1 33.3 0 0 3 100 0 0 
14 1 0 0 0 0 0 0 1 100 0 0 0 0 0 0 0 0 1 100 
15 5 1 20 0 0 0 0 4 80 0 0 0 0 0 0 4 80 1 20 
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Case N Mean 
HUI 

Mean 
PEUI 

Ventilation Control FTX F FT ND FX 
yes no yes no yes no yes no yes no yes no 

N % N % N % N % N % N % N % N % N % N % N % N % 
1 4 275 823 4 100   3 75 1 25 1 25 3 75 2 50 2 50   4 100   4 100 
2 2 823 942 2 100   1 50 1 50   2 100 2 100     2 100   2 100 
3 88 221 186 83 94 5 6 55 63 33 38 27 31 61 69 42 48 46 52 8 9 80 91 1 1 87 99 
4 886 153 61 855 97 31 4 617 70 269 30 229 26 657 74 261 30 625 71 80 9 806 91 6 1 880 99 
5 12 289 489 12 100   6 50 6 50 2 17 10 83 10 83 2 17 1 8 11 92   12 100 
6 1415 114 61 1367 97 48 3 1070 76 345 24 332 24 1083 77 272 19 1143 81 125 9 1290 91 16 1 1399 99 
7 2 83 2335 2 100   2 100   1 50 1 50 2 100     2 100   2 100 
8 291 197 89 275 95 16 6 190 65 101 35 84 29 207 71 109 38 182 63 24 8 267 92   291 100 
9 26 273 316 25 96 1 4 15 58 11 42 6 23 20 77 12 46 14 54 2 8 24 92   26 100 

10 1 63 2624 1 100     1 100   1 100 1 100     1 100   1 100 
11 896 69 46 862 96 34 4 714 80 182 20 154 17 742 83 165 18 731 82 86 10 810 90 24 3 872 97 
12 3 571 583 3 100   2 67 1 33   3 100 1 33 2 67 1 33 2 67   3 100 
13 3 591 1026 3 100   2 67 1 33 2 67 1 33 3 100     3 100   3 100 
14 1 165 4144 1 100     1 100 1 100   1 100     1 100   1 100 
15 5 383 352 4 80 1 20 2 40 3 60 4 80 1 20 1 20 4 80   5 100   5 100 

Table D.2 Clustering results for non-residential buildings 


