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Abstract 
 
Today many professional property holders use different types of 
software for monthly energy analyses. The data is however often 
limited to energy and water use, that is paid for by the property 
holder. In year 2001, financed by the Swedish Energy Agency, 
the first steps were taken to create a national web based data 
base, eNyckeln. A property holder may then enter consumption 
data together with about 50 other building specific parameters to 
this data base in order to enable benchmarking and energy 
performance evaluations. 
 
Due to EU-regulations and the increasing awareness of energy 
and environmental issues there is a large interest in evaluating 
the energy performance and also to identify effective energy 
retrofits. The used energy performance indicator is still only the 
annual energy use for heating per square meter of area to let, 
kWh/m2,year,  despite the fact that monthly data often are 
available. The main problem with this indicator, which is the 
stipulated measure, is that it reflects a lot of user influence and 
that only a part of the total energy use is considered.  
 
The main focus of this thesis is to explore the possibilities, 
based on the national data base, to extract additional energy 
information about multi family buildings (MFB) using monthly 
data in combination with different assumed consumption pattern 
but also to identify potential for energy savings.  
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For the latter a multivariate method was used to identify 
relations between the energy use and building specific 
parameters. The analysis gave clear indications that the available 
area, the area to let, is not appropriate for normalization 
purposes since the remaining heated area can be significant. Due 
to this fact, the analysis was mainly limited to qualitative 
conclusions.  
 
As measure of the buildings energy characteristic, the total heat 
loss coefficient, Ktot,(W/ºK) is determined and the robustness for 
the estimate of Ktot to different assumptions of user behaviour is 
investigated. The result shows that the value of Ktot is fairly 
insensitive to different indoor temperature, use of domestic hot 
water and household electricity. With the addition of m2 it can of 
course be used for benchmarking. 
 
Using the mentioned measure of the buildings energy 
characteristic for validating the energy performance has a clear 
advantage compared to the traditional kWh/m2

, since the user 
behaviour is of minor importance. As a result of this an 
improved analysis of the energy performance will be obtained. 
 
A guarantee for new buildings energy performance based on this 
method is therefore a challenge for the building sector to 
develop. 
 
 
KEYWORDS: Energy performance, total heat loss coefficient, 
gain factor, benchmarking, parameter influence, multivariate 
method 
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Preface 
 
This thesis consists of a summary and the following appended 
papers.  
 
I. An approach to evaluate the energy performance of 

buildings based on incomplete monthly data.  
 J-U Sjögren, S.Andersson, T Olofsson. Energy and 

Buildings 39 (2007) 945-953. 
 
II. Sensitivity of the total heat loss coefficient, 

determined by energy signature approach, to 
different time periods and utilized free energy. J-U 
Sjögren, S.Andersson, T Olofsson. Submitted to 
Energy and Buildings 20070816. 

 
III. Building Energy Parameter Investigations based on 

Multivariate Analysis. T Olofsson. S.Andersson, J-U 
Sjögren. Submitted to Building and Environment 
20070815. 

 
Additional papers related to this work but not included in this  
thesis. 
 
i. Multivariate Methods for Evaluating Building 

Energy Efficiency. T. Olofsson, S. Andersson, J-U 
Sjögren.  Proceedings of ACEEE Summer Study 
2004. pp. 4.265-4.274. 

 
ii. Energy performance of buildings evaluated with 

multivariate analysis. T. Olofsson, J-U Sjögren, S. 
Andersson. Proccedings of the ninth IBPSA 
Conference Montreal 2005. Vol. II, pp. 891-898. 

  
 Some typographical errors found in the original papers have 

been corrected. 
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1. General introduction 
 
1.1 Environmental Background 
 
One of the most important questions of our time concerns the 
sustainable society and one of the priority tasks is to overcome 
the environmental issues. The climate change has become more 
and more obvious and also the reasons [1,2]. The process is 
being thoroughly analyzed by the research community with, for 
the moment, large interest from the media. Different agreements 
and initiatives concerning the climate change are high on the 
agenda, although with an increasing number of countries 
involved, the harder it is to stipulate actions and responsibilities. 
This means new regulations, however often on a kind of 
voluntary basis, as well as financial possibilities for 
development and research towards a low carbon energy system 
as a measure to reduce the greenhouse gas emissions. 
 
But more far reaching actions [2] must be taken to reduce the 
greenhouse gas emissions in order to limit the environmental 
consequences. The economic consequences for doing nothing is 
predicted to reduce the global GDP of  minimum 5% per year 
[3]  and those costs are far higher in the long term then taking an 
early action [4]. What we do now can only have limited effects 
on the climate over the next 40-50 years. But what we do in the 
next 10-20 years can have profound effect on the climate on the 
second half of this century and in the next.  
 
The building and real estate sector is a well known major user of 
energy and represents therefore a considerable energy saving 
potential, but depending on the studied region the building 
sectors part of greenhouse emission is not always equal to that 
of the energy use. The common used figure for the building and 
real estate sectors use of energy of 40 % in the EU corresponds 
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to 41 % [5] of the green house emissions and for Sweden the 
corresponding figures  are 39 % and 15 % respectively [6], 
which is to be kept in mind when giving priority to actions. This 
situation for Sweden reflects the fact that the dependency of 
fossil based energy sources such as coal and oil for heating has 
decreased since the days of the oil crises in the seventies.  
 
 
1.2 Present regulation 
 
In order to improve the energy performance for buildings and 
reduce the import of energy, the EU directive 2002/91/EG [7] 
was accepted and is now incorporated in Swedish law with 
clarification regulations from the National Board of Housing, 
Building and Planning (Boverket) [8]. The Swedish regulations 
demands energy audits for almost all buildings and shall, if 
possible, result in recommended profitable actions presented to 
the property holder together with energy benchmarking 
information of similar buildings and the criteria for a new 
similar building. The proposed actions are however voluntarily 
to carry out. A licensed person decides whether a closer 
inspection of the building is required.  A certificate with the 
main information, including benchmarking figures from the 
audit is to be displayed in the entrance of all buildings (except 
for detached houses) in order to spread the information to the 
public.  
 
 
1.3 The need for evaluation tools for energy performance 
 
Energy performance is a key word that is used in discussions of 
the energy use in buildings. But the definition varies and is far 
from clear. The question is, what are the characteristics of a 
good energy performance for a building and three basic criteria 
can be mentioned: 
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- The physical environment such as low U-values 
(W/m2,ºC) for the building envelope, low power 
appliances, effective ventilation heat recovery and a 
modern control system that enables efficient use of free 
energy and of building dynamics.  

- A user awareness of behavior influence, where the 
indoor temperature and the use of domestic hot water are 
the main parts. 

- A professional operation organization and regular 
evaluation of the energy use.  

  
 
The above mentioned components (at least the physical ones) 
are sometimes identified as performance parameters, 
individually or lumped, and are assumed to have impact on the 
energy use. Other often used performance parameters are 
measured use of heating, electricity, domestic hot or cold water 
etc. that for the purpose of benchmarking often is normalized by 
the area to let. The area to let is a questionable choice of area 
used for normalization since the ratio of area to let to the heated 
area varies between different buildings. It must also be kept in 
mind that a benchmarking process shows the relative 
performance and the important question whether the building is 
efficient according to its prerequisites or not is not fully 
answered [9]. 
 
When analyzing a building the word consumption is however 
still the common terminology in real estate management. A 
commonly used measure of the energy use is the number of 
kWh/m2 and year and the used energy is normally the supplied 
heating (domestic hot  water may often be included). This is 
however a rough measure and can include a considerable 
amount of user behavior (domestic hot water, house hold 
electricity , venting, indoor temperature etc.) when it comes to 
housing [10, 12], as well as for commercial buildings where 
different activities has a large impact of the energy use, and it 
does not say anything about the buildings prerequisite. The total 
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energy use is thus not used when a property holder is analyzing 
a building but only the part that he pays for. When analyzing the 
buildings energy performance it can therefore be of help to 
introduce the total heat loss coefficient, Ktot, (W/ºC) which 
describes the losses due to ventilation and transmission through 
the building envelope. For benchmarking Ktot can be used and 
ideally normalized by the envelope area.  
 
In order to carry out the important task of energy conservation in 
accordance with the directive there is a need of different tools 
for evaluating energy performance, such as the buildings energy 
characteristic without the influence of the users. The main 
impacts from the users are the indoor temperature, domestic hot 
water and electricity use. Another approach is to study the 
dependency of the use of energy, cold water and other 
performance parameters in terms of building specific parameters 
such as construction year, type of ventilation, improved 
insulation etc. together with measured and calculated data in 
order to identify where to allocate resources for further analyzes 
and investments.  
 
In order to make it possible to analyze the energy performance 
and provide the real estate managers with web-based [13] 
benchmarking material, a project financed by the Swedish 
Energy Agency started in 2001. In that project detailed physical 
data (50 parameters for each building) and monthly 
consumption data were collected from 360 buildings, see 
chapter 2. These collected data are the experimental base for this 
thesis.  
 
 
1.4 Scope of the thesis 
 
The main objectives for this thesis are: 

- Develop a methodology for evaluating the energy 
performance of buildings based on available data and 
investigate the robustness of the method.  
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- Obtain a way to estimate  the indoor temperature. 
- Evaluate the most significant indicators and predictors 

among the inventoried building specific parameters. 
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2. Data 
 
2.1 Data collection 
 
In an earlier project financed by the Swedish Energy Agency 
entitled ‘eNyckeln’ (e-key) data were collected on voluntary 
basis with assistance from property holders for commercial and 
multifamily buildings in Sweden. The main aims of that project 
were to provide a tool for benchmarking buildings over the 
internet [13] and develop a method for collecting information of 
approximately 50 energy related parameters in each building 
together with the energy consumption. The aim was also to 
provide a database for further research in the field of energy 
performance, benchmarking etc. The first phase of eNyckeln 
was performed in 2001-2003 and data from 360 buildings, 
representing approximately 3.5 million square meters was 
collected.  

The property holders, who all had a professional maintenance 
organization, provided the building parameter information and 
allowed the project team access to monthly energy data, 
including the meter reading day, from their building energy 
commissioning software. This was done under supervision of 
the project leader of the eNyckeln. The type of software, which 
all property holders had in common, had originally been 
delivered by the software company VITEC AB [14] who was 
the project leader for this first phase of eNyckeln. The 
information was provided from 30 property holder who all had 
additional software installed on the computer for the parameter 
registration since that feature was not included in the original 
software. All registered consumption data was automatically 
collected and then entered into a SQL-database. The parameters 
carried varied information such as category of tenants, geometry 
of the building, building age, HVAC-system, cooling system, 
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control strategy, climate-zone, maintenance organization, type 
of heating source, some age depending parameters etc. The 
choice of parameters was characterized by “easy to identify” 
parameters but with assumed significance for the energy 
consumption. This was done in order to gather a large number of 
buildings since the participation of the property holders were 
based on voluntariness and with the assumption that with too 
detailed questions the number of gathered buildings would have 
been small. The choice of questions was however a difficult 
decision. For each registered building, monthly data included 
cold water consumption, electricity for building installations 
(fans, elevators, pumps and some lighting) and energy for 
cooling and heating was collected. The presented monthly 
statistics is then corrected if the meter reading is done with an 
interval that differs from the length of the actual month. The 
outdoor temperature for the local place was collected from 
SMHI [15] and for the vast majority of the buildings the 
incoming domestic cold water temperature was available [16] on 
monthly basis. For a limited number of buildings the data for 
domestic hot water was also available on monthly basis. The 
data typically covered one to two years.  

The original web-site for eNyckeln has been developed and 
completely rebuilt during the last years. From 2007 the web site 
is offered as a complement to deliver energy consumption and 
building data in the yearly inquiry performed by Statistics 
Sweden [17] on behalf of the Swedish Energy Agency [18]. The 
web-site is free to use for anyone without cost. The inquiry is 
sent to 14000 property holders of multifamily buildings and 
commercial buildings. For the moment, there are about 2200 
documented multifamily and office buildings in the database. A 
real estate, which until now has been the common unit for 
energy statistics in Sweden and also in this research, can consist 
of more than one building. According to the directive 
2002/91/EG [7] and Swedish law, the unit for energy statistics 
will in the future be the building, with some exceptions, and 
must be fully implemented 2009-01-01.   



  

12 

2.2 Choice of building type 
 
The research in this thesis is based on the multifamily buildings 
since they represent the majority of the buildings in the database 
and the available parameters were considered to describe the 
multifamily buildings better than the office buildings. The 
running time for ventilation with different fans, airflow and 
distribution zones are often more complex in office buildings 
and the information in the database is limited in that field. The 
vacancy rate, which was unknown, is often higher in office 
buildings but is generally very low in multifamily buildings in 
the Stockholm area where most buildings were situated.  
 
 
2.3 Further data selection criteria 
 
The criteria for the buildings to be investigated were complete 
monthly consumption figures for the year 2001 for heating, 
building electricity and cold water. Buildings heated with oil 
and gas boilers were excluded since their efficiency was 
unknown. For buildings heated with electricity there was an 
uncertainty if the building electricity was separated from heating  
and they were therefore also excluded. This means that all 
remaining buildings were connected to district heating and the 
so called “system perspective” is of minor importance in this 
research. The area registered for each real estate (now called 
building) is the area to let ie. apartment and commercial area 
(garage not included). A few buildings have been excluded due 
to obvious errors in the database. In a multifamily building there 
is often a varied part of commercial area and the decision was 
that the part of the registered area for apartments had to be 
larger than 90 % for the whole building. If the sum of the 
corrected month statistic for heating energy differs more than 2 
% from the consumption for the whole year the building was 
excluded. From the original number of 251 multifamily 
buildings in the database the final number of investigated 
buildings were 114 representing 1 150 000 m2.  
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2.4 Missing data and some assumptions 
 
In Sweden, the electric energy supplier usually charges the 
tenants for the household electric energy and not the property 
holder. Thus, the collected energy use data did not include the 
total supplied energy. Information of the tenant’s consumption is 
protected by  law and it is only the customer that has the right to 
these data and they are therefore hard to gather. Therefore 
different household electrical profiles from some large electric 
energy suppliers have been used in the simulations. The 
domestic hot water use was measured for 11 buildings, 
representing 100 000 m2, and these consumption data has been 
assumed to be representative for the rest of the MFB. Different 
temperatures of the domestic hot water have been simulated but 
for most purposes +55ºC is selected which is in accordance with 
the building regulations. The number of people living in the 
buildings was unknown and population data from Statistics 
Sweden was used in combination with an average activity 
pattern [19]. The area information was limited to the area to let 
but separated in living and commercial area. With further area 
and geometric information for the buildings such as the 
envelope area, total heated area and the indoor temperature more 
detailed investigations would have been possible. The lack of 
indoor temperature information for the buildings has 
accompanied the different investigations during the whole 
research project. 
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3. Used methodology 
 
3.1 Estimation of the total heat loss coefficient (Ktot) and 
indoor temperature (Ti) 
 
The power balance for a building exposed to an outdoor 
temperature (Te) may be written as 
 

( ) DYNGHeitot PPPTTK −+=−                  (1) 
 
Where Ktot is the sum of transmission and ventilation losses, PH 
is the power supplied for heating, PG is the gained free energy 
and PDYN  the dynamically stored/released power. 
 
The gained free energy (PG) consists of contributions for the sun 
(PSUN), household electricity (PHE), electricity used for the 
operation of the building (PBE), heat from people (PP), i.e. 
 
  PBEHESUNG PPPPP +++=                     (2)        
                                                        
And in the case of a building supplied by district heating 
 

LDHWDHH PPPP −−=               (3) 
 
Where PL is the losses and PDHW the power used for domestic 
hot water preparation 
 
The final expression then becomes 
 

( ) TOTeitot PTTK =−                 (4) 
 
with 
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DYNPBEHESUNLDHWDHTOT PPPPPPPPP −++++−−=
 
Since no detailed information about the construction details of 
the buildings or of the ventilation is available a lumped 
description of the transmission and ventilation losses in terms of 
Ktot is necessary [20].   
 
Different estimates of Ptot has been simulated based on the 
assumption that for the here fairly large studied multi family 
buildings 

• the profile for use of electricity, domestic hot water and 
contribution from people are the same for all buildings 

• PSUN  is negligible for the period October-March (Paper 
I) 

 
Based on the calculated Ptot, the lumped parameter Ktot may be 
determined by a linear regression (equation 4) of Ptot versus Te 
of the monthly data from the period October to March. This 
approach, which is a variant of the well known energy signature, 
assumes a constant indoor temperature.  
 
This approach has been used to estimate Ktot and Ti and also to 
analyze the sensitivity of the obtained estimate from the used 
assumptions. If the gained free energy is known, the indoor 
temperature may also be estimated from equation 4. 
 
 
3.2. Identification of building specific parameters with 
performance influence of the building 
 
 The influence of different physical parameters is easily studied 
in a detailed physical model during the construction phase. The 
impact from different insulations of walls and attics, ventilation 
flows, window sizes, location and U-values may fairly easily be 
evaluated. However, there are several examples [21] that the 
original calculations seldom to a sufficient extent match the real 
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consumption. The reasons therefore are not always easy to 
identify and is seldom searched for in the software, but more 
often comfortably associated with user behavior. The 
calculations are however theoretical, often with ideal conditions 
and there are a lot of parameters, quantitative as well as 
qualitative that needs to be discussed and evaluated. Compared 
to these often time consuming and expensive methods, ideally in 
combination with energy audits, a parameter based analysis can 
be a useful step along the road to identify where to allocate the 
resources. However, most parameter studies are concentrated on 
building physical parameters [22,23,24] and often with the 
addition of some user dependent loads.  
 
It must also be kept in mind that each parametric study is limited 
to the used parameters and there are often a number of 
parameters that influences the energy consumption that seldom 
is taken into account. There is age depending aspects of certain 
installations, questions concerning management, operation and 
maintenance, organization and type of ownership that seldom 
are studied in combination with the physical parameters.  
 
The purpose with the study [10] (Paper III) is to identify the 
most significant building parameters for different performance 
measures and also to be able to estimate the size of the impact 
from different parameters. With so many available parameters in 
the data base, the possibility is very high that multicollinearity 
(different parameters carry a high degree of the same 
information) exists between different parameters (which can be 
investigated by the study of the correlation matrix). With the 
presence of multicollinearity between the available parameters, 
multivariate methods must be used to circumvent the problem 
of. In order to perform a regression with data that are 
multicollinear, a multivariate regression tool PLS (Partial least 
square method on Latent Structures) has been developed [25] 
that enables a regression analysis of multivariate data and the 
PLS-software has been used in many scientific and technical 
applications [26]. PLS is thus a multivariate tool that can be 
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used to find relationships between two sets of data that are 
multicollinear and subsequently also for prediction. The use of 
PLS or similar tools in the analysis of the energy use in 
buildings is fairly rare. 
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4. Summary of papers and future 
research 
 
4.1 Paper I-II 
 
In paper I the energy performance, based on the energy 
signature, for 114 Swedish multifamily buildings with monthly 
consumption data for the period Oct-March registered by the 
property holder are investigated. As a measure of the energy 
performance the total heat loss coefficient Ktot (W/m2,ºC) is 
used. Vital information such as the household electricity and the 
indoor temperature is missing, and the sensitivity of Ktot to 
different assumptions of the missing data has been investigated. 
The household electrical profile and indoor temperature is found 
to be important parameters to determine Ktot. The robustness of 
different approaches with assumed values is then used for 
estimating the relative performance position of a building within 
the studied group of buildings. The heat loss coefficient based 
only on the use of district heating, KDH, is found to be a good 
indicator of Ktot due to the fact that most assumptions are fairly 
constant for all month. The results are also compared with the 
frequently used energy key figure of the energy per square meter 
paid by the property holder.  
 
The present used measure of energy performance in Sweden, 
kWh/m2, is insufficient for a more precise evaluation. The 
measure does not include energy gained from utilities that are 
not primarily designed for heating purposes but also reflects the 
behaviour of the tenants, management of the building and the 
buildings energy performance. Thus the total heat loss 
coefficient is a more useful measure of the buildings energy 
performance and gives also the possibilities to identify the user 
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influence from the buildings characteristic in the previous used 
measure, kWh/m2. 
 
In Paper II further studies based on the results from paper I on 
Ktot and the indoor temperature are performed for 9 recently 
built multifamily buildings. The impact on Ktot and Ti, from 
different time periods, the solar irradiation and assumptions of 
the utilized free energy is investigated. The obtained result 
shows that Ktot is rather insensitive to the time period and 
utilized free energy if the analysis is limited to October-March 
and the sensitivity to different years is minimal. However, the 
gain factor for the utilized free energy has a large impact on the 
indoor temperature. The sensitivity on Ktot from the sun is also 
small but the average indoor temperature increased with some 
1,5 ºC for the period October to March when the solar 
irradiation is taken into account. The study indicates that the 
average indoor temperature probably exceeds +23º C based on 
the assumption of an average contribution of gained free energy.  
 
 
4.2 Paper III  
 
Paper III is based on the same database as paper I. In this paper 
a parametric study is performed in order to investigate the 
influence from the classification parameters on measured and 
calculated performance parameters. When treating large data 
sets and many parameters it can be of help to use a multivariate 
tool. In this case PLS (Partial least squares to Latent Structures) 
was used. This is done in order to avoid multicollinarity, which 
is likely to occur with a large number of parameters and also to 
identify the important parameters. The actual PLS models is 
presented together with values for goodness of fit (R2 ) and 
goodness of prediction (Q2 ) and the model sensitivity for 
different parameter selections was studied for a chosen target 
parameter. Some statistical tests have been conducted that were 
focused on the actual distribution of available data and if some 
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of the classification parameters were correlated (one way) to the 
investigated performance parameters. 
 
Two types of modelling have been conducted; with parameters 
that are suitable for normalisation to the area to let, ATL and the 
same parameters without normalisation. The results show that 
the models based on the ATL have pronounced lower values of 
goodness compared to when modelling without normalisation. 
This is a strong indication that the ATL is not suitable for 
energy benchmarking purposes. 
 
For this reason the model results varies but some important 
parameters for modelling QDH are the construction years, some 
ventilation parameters and information that are connected to the 
use of household electric. When modelling cold water, the 
owner category is also of importance. 
 
 
4.3 Future research of energy performance 
 
In order to develop methods and evaluate the energy 
performance of a building it is of great importance with further 
studies and measurements of the indoor temperature and the 
household electric profile in order to study the gain factor (free 
energy) and its dependence of different system solutions.  
 
With a further development of parametric models they can 
become a powerful time saving tool for benchmarking. 
This tool can be of interest when a property holder with a large 
stock of buildings needs a quick but fairly robust overview of 
where to concentrate resources for further investigations. 
 
A closer study of the operation of the traditionally designed 
heating systems would be of interest as we have indications that 
the indoor temperature exceeds the limits of the radiators 
thermostat valves with several degrees.  
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Some of the qualitative parameters connected to ownership, 
management and organization would also be of interest to study 
for a new building first 2-3 years.  
 
With an increasing occurrence of commercially based short-term 
property ownership and increased outsourcing, the question 
arises if this will have an impact on the energy use, the technical 
maintenance, environmental consequences etc. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

22 

 
 
5.  Implementation 
 
5.1 An industrial Ph.D project 
 
The research in this thesis is performed as an industrial Ph.D 
project which means that the researcher is an employee at a 
certain company (NCC) during the research process. One 
important aim for this type of research is to implement the main 
results of the research in the company, and if possible, more in 
general to the market.  
 
 
5.2 Actual energy measure and regulations 
 
The common measure for energy use, kWh/m2 

,  is stipulated as 
the measure for energy performance by the National Board of 
Housing in Sweden together with different  limits for different 
types of buildings and locations in the country. The new 
regulation (from 2007-07-01) stipulates 110 respectively 130 
kWh/m2

 and year (domestic hot water, heating and building  
electricity) for housing in the south respectively the north of 
Sweden and the energy use must be verified after two years use 
of the building. The building should be measured during 
“normal user behaviour”. Unfortunately, “normal user 
behaviour” is not defined. 
 
  
5.3 Characteristics for different performance measures 
 
The used energy signature approach, with the measure Ktot in 
W/m2,ºC,  has a higher precision for the buildings energy 
performance compared to kWh/m2

  and year as it is fairly 
uncorrelated to the users behaviour. The value of Ktot can also be 
verified in an occupied building and is a good complement to 
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the more common used measure kWh/m2
 which is a 

combination of the buildings characteristic and the user 
behaviour. The main user behaviour parameters are the indoor 
temperature, use of household electric and domestic hot water. 
The quality of the work performed by the maintenance 
organization is not possible to evaluate, but is very important in 
order to fully use the buildings prerequisite.  
 
 
5.4 A verifying tool and its use 
 
The results of paper I and II shows the robust relationship 
between the outdoor temperature and the actual power for 
heating on a monthly basis, in terms of the total heat loss 
coefficient Ktot, (W/m2,ºC).  The total heat loss coefficient 
determined by the energy signature approach, based on the 
database, is as mentioned, rather insensitive to the user influence 
for a multifamily building, and can therefore be a useful tool to 
verify a buildings energy performance. The field for use of the 
model is primarily multifamily and single buildings. If there are 
difficulties in verifying the stipulated energy limit for a new 
building, for example based on a suspicion that there has been 
unusual user behaviour, the total heat loss coefficient can be of 
great help as a complement in the process of analysing the actual 
consumption figures compared to the originally calculated. The 
use of the energy signature approach requires monthly 
consumption data, which should be a minor problem, and 
preferably the indoor temperature and use of domestic hot water. 
The tool can also be of use in a benchmarking procedure when 
comparing existing buildings energy performance. The use 
would thus primarily be both for existing buildings and for 
production of new houses. For the latter, the building sector is 
eager to find standards for the user behaviour since the new 
regulations requires verifying that is based on measurements but 
also from a commercial point of view. Until today, the verifying 
of a new buildings energy performance has been performed on 
the blue-print stage, i.e. an energy calculation soft ware has been 
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used to verify the buildings energy standard. Therefore Ktot is a 
useful tool for verifying a new buildings energy performance 
according to the actual regulations and original calculations.  

The measure can also be used as a performance guarantee for a 
house buyer. A professional sales process requires a defined 
function for a house and that includes a well defined standard 
for the energy use. This is a simplified result of the research 
which directly can be communicated to the buyers. 

The match between the calculations and the real energy use is of 
course of great interest, and the use of the Ktot  for new buildings 
based on the blue print data can be of help to calibrate the 
calculation model in case of systematical mismatch. 
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Abstract 
 
The energy performance of buildings has become increasingly 
important in the general strive to reduce the overall energy use, 
which is manifested in the Energy Performance of Buildings 
Directive launched by the European Union. An important first 
step is of course to identify and address buildings that have an 
energy saving potential. In order to achieve this, robust methods 
for evaluation as well as reliable energy key figures are needed.  
 
For a large majority of multi family buildings in Sweden the 
available data of the energy use originates from the property 
holder. Unfortunately, the data is often limited to the energy that 
the property holder is responsible for. Thus, information from 
the tenants about their household electricity use, indoor 
temperatures, number of residents etc. is missing.  
 
In this paper an evaluation was conducted on monthly 
consumption data registered by the property holders for over one 
hundred multifamily buildings/real estates in Sweden. The used 
approach, based on the energy signature method, was developed 
for evaluating the energy performance of multi family buildings 
in terms of the overall heat loss coefficient, Ktot. To compensate 
for the missing data, different assumed consumption profiles 
have been used. 
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The results shows that although the obtained value of Ktot for an 
individual building is rather sensitive to the assumed 
consumption profiles of household electricity, the sensitivity is 
reduced if the evaluation is made in relative and not absolute 
terms. Thus the use of consumption profiles could be a 
successful way to circumvent the present lack of a detailed 
knowledge of a buildings total energy use. In addition, an 
evaluation in relative terms instead of absolute values is also 
more correct, since available data in almost all cases does not 
support the determination of the true value of Ktot. The use of an 
average consumption profile instead of a detailed knowledge is 
of course not desirable, but for fairly large buildings such an 
approach could be successful. 
 

 
KEYWORDS: Energy performance, overall heat loss 
coefficient, energy signature, household electricity, 

enchmarking b 
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Nomenklature 
 
fDHW Fraction of the water that becomes 

domestic hot water  
cp Specific heat capacity of water (Jkg-

1K-1) 
ρ  Density of water (kgm-3) 
E Energy per square meter area to let 

(Jm-2) 
P Power per square meter area to let 

(Wm-2) 
Ktot   Overall heat loss coefficient per 

square meter area to let(WK-1m-2) 
 η  Gain factor  
A  Coefficient 
T  Temperature (˚C) 
Q Volume per square meter area to let 

(m3) 
CP  Consumption profile 
MFB  Multi family building 
 
Indices 
H  Heating 
DHW  Domestic hot water 
DCW  Domestic cold water 
DH  District heating 
G  Gained 
S  Sun 
P  People 
L  Losses 
HE  Household electricity 
BE  Building electricity 
EL  Building and household electricity 
i  Internal 
e  External 
dyn  Dynamic 
tot  Total 
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1. Introduction 
 
The Energy Performance of Buildings Directive, 2002/91/EG 
[1] has been launched in order to reduce the use of energy in the 
building sector in the European Union. In order to achieve this 
goal, robust methods for evaluation as well as reliable energy 
key figures are needed and these methods and energy key 
figures must probably also be adapted to the different 
prerequisites in different EU-countries. For finding energy key 
figures of a building, there are a number of different approaches. 
These approaches could be categorized according to primary 
reliance on:  
 

 Design data 
 Data from short-term, in-situ measurements 
 Aggregated consumption data, such as utility bills, meter 

readings and BEMS (building energy management 
systems) 

 
A brief overview of work related to these categories; and a 
discussion of drawbacks and strengths can be found in [2,3].  
 
In this work aggregated performance data has been used. With 
access to aggregated data it is possible to e.g. compare the 
energy use between different periods, evaluate trends and 
outliers based on simple base lining (with or without degree-day 
compensation) [4, 5]. For more qualitative investigations of the 
energy performance, system identification methods are needed. 
System identification can be based on inverse modeling using 
e.g. neural networks, see for example [6-8] or parametric studies 
based on statistical models, which is more widely used [9-10]. 
In the literature a variety of methods can be found. A method 
with parametric studies based on linear regression using 
aggregated data in combination with DOE-2 simulations was 
introduced by [11]. In [12 -14] linear regression models was 
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used based on collected design and performance data for 
investigation of the strongest determinants of energy use. A 
frequently used system identification method is the energy 
signature. It can be used for evaluating the energy performance 
of a building in terms of the overall heat loss coefficient [3,15-
18]. The analysis introduced in this paper is based on the energy 
signature and is applied on monthly consumption data from 114 
Swedish multifamily buildings/real estates. Data, that has been 
collected by the property holder and entered into a database.   
 
One hurdle when confronting the problem of estimating the 
performance of buildings, based on aggregated consumption 
data collected by the property holder, is the information that is 
missing. The problem is mainly three folded.  
 

i. The aggregation level is often on an annual basis but 
in some cases (mostly for larger property holders) 
data exists on monthly basis and in very rare cases 
with an even higher time resolution. 

 
ii. In Sweden, as in many other countries, the property 

holder is generally charged for the energy supplied to 
the space heating system, cold water and hot water 
preparation and electricity used for the technical 
systems of the building. But for the electricity used 
in each individual flat, the energy supplier generally 
charges each tenant and thus, vital information is 
missing for the property holder. The information of 
the tenants energy use is not available without their 
permission. Further more, tenants in the same 
building may have different suppliers of electricity, 
which complicates larger surveys. 

 
iii. Other important parameters, such as indoor 

temperature and for most cases also the domestic hot 
water consumption, are usually not available. 
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As a consequence, an energy performance analysis in Sweden to 
day, based on measured data, is often based on the energy used 
for space heating, EH, and in many cases (especially for district 
heated buildings) of EH + EDHW, where EDHW is the energy used 
for domestic hot water preparation. If only annual data is 
available a comparison is normally done by simply comparing 
the EH or EH + EDHW per square meter between different 
buildings. Even if monthly data is available, methods like the 
energy signature, is very sparsely used outside the academic 
world and in practice the monthly data is aggregated to an 
annual consumption per square meter, based on degree-days 
correction and assumed fractions of domestic hot water. 
 
In these approaches vital information about for example the 
household electricity and indoor temperature is missing. The 
obtained results reflect thus more the behavior of the tenants and 
the management of the building than the buildings energy 
performance.    
 
The aim of this work is to investigate the possibility, based on 
monthly data from the property holder, to evaluate the energy 
performance of the buildings. As measure of the energy 
performance the overall heat loss coefficient, Ktot, is used, which 
takes into account the total transmission and ventilation heat 
losses of the building. In order to determine Ktot we have used 
the available monthly energy use and outdoor climate data 
together with different assumptions for the missing data of 
indoor temperature, household electricity and domestic hot 
water preparation.  
 
The robustness of this approach is then investigated in terms of 
the assumed consumption patterns and also the possibility to use 
the Ktot values as a basis for estimating the relative position for 
energy performance of an individual building within the group 
of studied buildings. The results are also compared with the 
frequently used energy key figure of the energy per square meter 
paid by the property holder. 
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2. Data 
 
2.1 The database 
 
In order to create an improved environment for estimating the 
energy performance of residential and commercial buildings in 
Sweden a project was started in 2000 and was financed by the 
Swedish Energy Agency (STEM). The aim was to establish a 
data base, where property holders could enter data of the 
physical and technical features of the buildings and data of used 
energy and water consumption. This project is called 
“Enyckeln”(Energy Key), www.enyckeln.se and up to this date 
360 real estates, where each real estate consists of one ore more 
buildings with a total of 3 500 000 m2, has been reported during 
2001.  
 
Data for all buildings was collected in the same way and the 
database contains information of about 50 energy related 
parameters per building. The parameters concern the HVAC-
system, building design, type of maintenance organization, type 
of owner, actions taken to reduce energy consumption etc. These 
data was entered to the data base by each buildings maintenance 
organization after an inventory under the supervision of the 
project leader of Energy-Key project. 
 
All buildings in the database used the same Building Energy 
Maintenance System (BEMS), for energy control, and 
consumption data were reported monthly, i.e. electricity for 
heating and operation of the building, oil, gas, district heating, 
district cooling, domestic hot and cold water.  
 
After the initial test period the web-based Energy-Key system 
has been exposed to a major overview and a new version will be 
released during 2006. 
 
 

http://www.enyckeln.se/
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2:2 Choice of building type 
 
Since the number of Multi Family Buildings (MFB) was the 
largest in the database compared to the number of commercial 
buildings, the decision was to focus on the MFB where more 
than 90% of the area to let was used for apartments. The 
commercial buildings also have a more complex technical 
structure that where not fully reflected in the information in the 
database. District Heating (DH) heated the vast majority of these 
MFB and a few used gas or oil boilers. Since the efficiency of 
the gas and oil boilers was unknown, these MFB were excluded 
together with those that used heat pumps (performance 
unknown), which reduced the available number of MFB from 
118 to 114. No MFB were equipped with comfort cooling. 
 
 
2.3 Limitations and some comments 
 
The area entered in the database is that of the area to let, and 
thus the area of basement corridors, stairwells, technical spaces 
etc. is unknown. The remaining area normally represents on 
average about 15 % of the total building floor area according for 
this type of Swedish buildings PROFU [19]. In figure 1 below, 
the distribution of the investigated MFB in terms of area to let is 
displayed.  
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Fig. 1. Distribution of the investigated MFB in terms of area to 

let. 

 
The year of construction ranges from year 1900 to 1995 with a 
total area to let of 1 147 000 m2. The average number of 
apartments is 128 per real estate and the average area to let is 
10 060 m2. In some cases the size of the real estates indicates 
that there are two or more separate buildings attached to the 
same DH-substation, but they are treated as one MFB. Since the 
buildings are fairly large the use of different consumption 
profiles that are based on an average description is assumed to 
be fairly good. 
 
 
3. Method 
 
In this article, energy, power etc. of the MFB refers to the 
energy, power etc. per square meter of area to let.  
 



  

41 

The energy balance for a building is in a lumped description 
given by 
 

GHdynventtrans EEEEE +=++                             (1)                                                         
 
Where Etrans and Event is the energy losses through the building 
envelope trough transmission and ventilation respectively, Edyn, 
the dynamically stored/released energy, EH the energy supplied 
to the heating system and EG the energy gained from sources 
that are not primarily designed for heating. With a time 
resolution of one month, the dynamic term may be neglected 
since the time constant of the buildings are of the magnitude of 
days. With Edyn equal to zero equation 1 reduces to a static 
description which in terms of power may be rewritten as  
 

( ) totGHeitot PPPTTK =+=−            (2)                                                          
 
Where Ktot is the overall heat loss coefficient which includes 
both transmission and ventilation and where and Ti and Te are 
the internal and external temperatures of the building. Ktot is thus 
a measure of the buildings thermal efficiency, in terms of 
required power to maintain an internal/external temperature 
difference of one degree Celsius per square meter area to let and 
thus a measure of the buildings thermal performance.  
 
The gained power (PG) represents contributions from a number 
of sources such as electricity used for household equipment 
(PHE) , domestic hot water (PDHW), electricity used for the 
buildings technical systems (PBE),  solar irradiation (Psun) etc. to 
heating. In general we have 
 

∑ ∑ ∗== jjjGG PPP η,            (3)                                                         

 
Where ηj* Pj is the utilized power for heating from source Pj 
with a gain factor ηj. 
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This means that in order to determine Ptot, data from all different 
sources, Pj, and there individual gain factor, ηj, together with the 
data from the heating system is required and finally also Ti and 
Te in order to determine Ktot.  
 
In the existing database, the only available information is energy 
supplied by district heating, domestic cold-water consumption, 
electricity used by the property holder and consumption of 
domestic hot water, which has been reported by the property 
owner.  
 
 
3.1 Energy primarily used for heating 
 
Since all investigated buildings were attached to district heating, 
the energy supplied to the buildings (EDH) was used for heating, 
domestic hot water preparation (EDHW) and losses (EL). The 
energy used in the heating system is thus given by 
 

LHWDDHH EEEE −−=                                                (4)                                                          
 
and in terms of power we have 
 

LDHWDHH PPPP −−=                        (5)                                                          
 
By introducing the domestic hot water fraction, fDHW, the power 
for hot water preparation (PDHW) is given by 
 

( ) ρ∗∗−∗∗= pDCWDHWDCWDHWDHW cTTQfP               (6)                                                       
 
with fDHW = QDHW/QDCW and where TDHW and TDCW are the 
domestic hot and cold water temperatures and QDHW and QDCW 
are the domestic hot and cold water consumptions. 
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The monthly cold water consumption was measured in all 
buildings, but data of the domestic hot water consumption was 
only available from 11 MFB.  
 
In figure 2 the average monthly values of fDHW,  for these 11 
MFB:s is displayed. Based on these data, two annual 
consumption profiles are constructed. One profile is taken equal 
to the average behavior (figure 2) of the 11 MFB and a second 
profile from the building with the largest fDHW. These two 
consumption profiles have then been used for all buildings in 
our simulations together with data of the average monthly cold 
water temperature TDCW (based on data from the local water 
supplier) [20] and with two levels of TDHW,  55˚C or 60˚C.   

Domestic hot water fraction

0
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0,3
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0,5
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Fig. 2. Average fraction, fDHW, from 11 measured MFB 
 
The term PL is difficult to estimate, since detailed knowledge of 
where the eventual losses take place is not available. If the 
losses are mainly in pipes that are within the building envelop 
they contribute to the heating and thus PL = 0. If on the other 
hand the main part of the losses takes place outside the building 
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envelop they have to be considered which is the situation for 
some of our registered MFB which based on the reported area to 
let must consist of two or more MFB. 
 
In the simulations two cases have been considered 
 

i. PL = 0 
ii. The losses have been estimated from the two summer 

month, July and August when the heating demand 
basically is zero. Based on the data of PDH for the two 
month, the losses have been estimated as the 
difference between PDH and calculated PDHW. The 
average losses during these two months have then 
been used for the entire year, i.e. PL is constant for 
each MFB. 

 
 
3.2. Gained free heat 
 
3.2.1 Gained heat from hot water 
 
Heat is of course gained from the domestic hot water but at the 
same time heat is also transferred to the cold water that is used 
in the building. The net result from these two processes is 
difficult to estimate but we have assumed that they are of equal 
magnitude and thus used a gain factor equal to zero (ηDHW = 0) 
for the domestic hot water. 
 
 
3.2.2 Solar irradiation 
 
The solar irradiation is not easy to estimated, even if in depth 
data for the individual buildings in terms of location, orientation 
and shape etc were available. Since such detailed data is lacking, 
the evaluation of this study was limited to the period October-
March, a period for which the solar irradiation is fairly small in 
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Sweden and for which the relative contribution to the monthly 
heating demand can approximately be neglected, i.e. ηsun=0. 
 
   
3.2.3 Household and building electricity 
 
For the electricity used by the buildings technical systems, EBE, 
data is available for all MFB but for the household electricity, 
EHE, no data is available. Since the contribution to the heating of 
the buildings from EHE may be substantial, simulations for four 
different household electricity (electricity used in the apartment) 
consumption profiles, CPHE on a monthly basis (corrected for 
the number of days) are used. 
  
Information about the consumption profile for the electricity use 
in apartments is limited. We have found and used data that 
mainly has been presented in different non-scientific 
publications. The first profile CPHE(PS) was taken from a pre-
study on behalf of STEM [21] from measurements in 39 
apartments. The second profile is used by the local electricity 
company in Umeå, Umeå Energi, CPHE(UE) [22] for billing 
their costumers that only use electricity for household purpose. 
The third profile is taken from a survey done on behalf of The 
Swedish Consumer Electricity Advice Bureau and referred to as 

Gothenburg, CPHE(GBG) [23], and finally  CPHE (CON) is the 
assumption of a constant use of household electricity for each 
day. The four profiles are displayed in figure 3 together with the 
average measured consumption profile EBE. The scale on the y-
axis is arbitrary. 
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Fig. 3. Different used consumption profiles for the daily 
household electricity together with the measured average 
building electricity of all 114 MFB. 
 
As seen in figure 3 the used profiles from Umeå Energi (UE) 
and Gothenburg (GBG), are similar and agrees fairly well with 
the measured average of EBE. The PS-profile exhibits a 
surprisingly high peak in February followed by an almost 
corresponding drop in March. If this is a true feature or due to 
some error in dating the readings will be revealed when the 
study has been completed and then also is based on a larger 
number of apartments. 
 
Since the profile of EBE is fairly similar to that of EHE, CPHE has 
been taken to represent both EBE and EHE. This is done mainly in 
order to reduce the number of parameters to be determined 
(since we have only 6 data points for our regression), but also 
from the fact that the gain factor of EBE is expected to be smaller 
than the gain factor of EHE since not all technical systems are 
indoors.  
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Assuming that the gain factor is constant during October-March 
in each building the total gain from electricity, PG,EL, from both 
PBE and PHE with a lumped gain factor ηE is given by 
 

HEHEELBEBEHEHEBEGHEGELG CPAPPPPPP ∗=∗≈∗+∗=+= ηηη,,,

                         (7) 
 
where A is a coefficient with a specific value for each building. 
 
 
3.2.4 Heat from people 
 
Data for the number of persons and their living pattern are not 
available in our database. But based on official statistics (SCB, 
Statistics Sweden ) [24] the average rented area per person is 40 
m2 in multifamily buildings in Sweden.  

In 1996 SCB also initiated an investigation where members of 
179 households were asked to keep a diary where they kept 
track of their whereabouts. The results from this survey are 
published [25] in terms of different age groups. Based on those 
data and the assumption that the age-distribution of the tenants 
are the same as that of the whole country Sweden, the time spent 
in the apartments are on average 16 hours during a work-day 
and 19 hours during weekends/holidays. Since no data was 
available for children under 10 years we assumed the same 
presence in the apartment as that of their plausible parental 
generation (26-45 years) and finally that the time spent at home 
had the following content [26] (in terms of energy): 

Working days: 12 hours with a low activity of 71 W and 4 hours 
with a higher activity of 119 W. 

Weekends/Holidays: The corresponding assumptions are 14 
hours at a low activity and 5 hours with the higher level of 
activity. 
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With a gain equal to 1 our assumption gives a fairly constant 
value of the gained heat from people per square meter (PG,P=PP) 
with a small peak for December. These assumptions give at 
hand that the heat from people corresponds to an increased 
temperature of approximately 1.1˚C (average value for all 
MFB). 
  
 
3.3 Final model 
 
The power balance given by equation 2, may now be written as 
 

( ) PELGLDHWDHeiTot PPPPPTTK ++−−=−∗ ,           (8)                                                           
 
or as 
 

( ) ( )
PHE

LpDCWDHWDCWDHWDHeitot

PCPA
PcTTQfPTTK

+

+−∗∗−∗∗−=−∗

*
ρ

         (9) 
 
Using the assumptions discussed earlier together with measured 
monthly data of Te, TDCW, QDCW, the only unknown parameters 
are Ktot, Ti and A. Based on the monthly data from the period 
October-March, the value of Ktot for each MFB is then 
determined by linear regression. This is done by finding the 
value of the constant A that yields an intercept (Ktot*Ti ) that 
corresponds to the desired indoor temperature for each building. 
This means that based on the measured PDH, the demanded gain 
from PEL to obtain the desired average indoor temperature is 
determined together with Ktot and PGP. This is done for all 
combinations of Ti, TDHW, fDHW, PL and CPHE.  
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4. Results and discussion 
 
A total of 96 simulations has thus been performed for each 
building based on the different combinations of the parameters 
Ti, TDHW,  fDHW, PL and CPHE as shown in table 1. 
 
 Table 1. Used assumptions for the different parameters 
Parameter Different values # 

fDHW Average, Maximum 2 

CPHE CON, UE, GBG, PS 4 

TDHW +55˚, +60˚ 2 

PL Yes/No 2 

Ti 20˚, 22˚, 24˚ 3 

PPeople See 3.2.4 1 

 
 
4.1 Dependency of Ti and PEL on Ktot
 
For some MFB the linear regression gave a negative value of A, 
which can be interpreted as if cooling was required to obtain the 
assumed indoor temperature. For the case of an average indoor 
temperature of 24˚C , 93 to 98 % (depending on the other 
assumptions) of the buildings  gave a solution with A>0, for Ti = 
22˚C the corresponding range was 79 – 93 % and for Ti = 20˚C, 
45 – 79 % of the buildings. These results indicate that the actual 
indoor temperatures of buildings normally are higher than 20˚C. 
In figure 4 the obtained values of Ktot are compiled for the 
different assumptions of Ti and CPHE. The values in figure 4 are 
thus the average values of 8 simulations for different 
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combinations of fDHW, PL and TDHW according to table 1 and 
calculated for the MFB that gave a A>0 for all combinations.  
 
As seen from figure 4, the indoor temperature affects the 
obtained value of Ktot in most cases. With increasing Ti, the 
necessary contribution to heating from PEL increases. Based on 
the assumption of a constant gain factor (October-March), the 
gained energy for heating from PEL has the same monthly 
distribution as CPHE of figure 2. In the case of a constant CPHE 
there is no indirect dependency of Te which results in a constant 
value of Ktot. The CPHE(GBG) and CPHE(PS) have on the other 
hand the largest values during the coldest months, (February 
was the coldest month, followed by December, March and 
January) and thus an indirect dependency of Te which results in 
an increasing Ktot with increasing Ti. The displayed Ti-
dependency shown in figure 4 is thus connected to the profile, 
CPHE.  
 

Ktot (W/m2C)

0
0,2
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0,6
0,8

1
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Ti=20
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Fig. 4: The average value of Ktot per m2

 of area to let. The values 
are based on the MFB that gave a A>0 for all 8 combinations. 
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4.2 Dependency of fDHW, TDHW and PL on Ktot
  
In order to describe the impact from the assumption for fDHW, 
TDHW and PL on the obtained values of Ktot for a specific building 
(# 14) is shown in figure 5. The calculations are performed for Ti 
= 22˚C and CPHE according to GBG.  

0
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1,5

2

a-55 m-55 a-60 m-60
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Fig. 5. Ktot for building #14, for different combinations of fDHW 
(average/maximum), PL (Y/N) and TDHW (55˚C /60˚C) 
 
In the case of losses, the required gain from PEL increases and 
following the same line of reasoning as earlier, the result is 
higher Ktot-values compared to the case of no losses. This is also 
true when increasing TDHW or fDHW, since it means that the 
buildings heating system uses a smaller part of PDH and that a 
larger gain from PEL is required. 
 
The used assumptions, has been based on measured data and 
available information and hopefully they cover a fairly large part 
of existing variations. Some of the parameters such as PP and PL 
have been given a fairly simple treatment in the sense that PP 
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has been taken to be the same per square meter for all MFB, 
whereas PL has been taken to zero or constant. The buildings are 
fairly large which favours a general treatment of PP although the 
distribution of activities may be questioned together with the 
assumption that the numbers of hours spent indoors are the same 
during the whole period (October – March). For PL the 
assumption that the losses are constant during the same period is 
not correct since the temperatures of both ground and the 
secondary supply system are not constant during October-
March. These simplifications are thus questionable but have a 
minor influence on Ktot than the assumption of CPHE and Ti, as 
seen in figure 4 and 5. The used PEL can also be questioned from 
many perspectives. We assumed that PBE and PHE has the same 
profile (see figure 3), which for the case of UE and GBG is 
fairly accurate, whereas it’s a more questionable assumption for 
constant CPHE or according to the pre-study. The same profile 
has also been used for all buildings disregarding their size. For 
buildings with many tenants an aggregated consumption profile 
may be expected to be fairly representative, but for buildings 
with few tenants the consumption profile might deviate 
considerably from the used profiles which influences the 
obtained value of Ktot (see figure 4). 
 
The obtained values of Ktot are as discussed dependent on the 
used assumptions of fDHW, TDHW, PBE and PHE. This is illustrated 
in figure 6, where the calculated Ktot for all buildings for the two 
cases from table 2 is plotted versus each other. Each dot 
represents an MFB with the value of Ktot calculated according to 
case #1 and #2. If the calculated values of  Ktot was independent 
of the used assumptions, the intercept of the linear fit (which is 
shown in the graph) would be zero with a slope equal to unity. 
In order to decrease the shown uncertainty the main focus 
should be to obtain data of PHE and Ti as stated before. 
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Table 2: Values of modelled parameters 
 
 Ti CPHE TDHW fDHW PL

Case #1 24˚ GBG 55˚ Average No 

Case #2 20˚ CON 60˚ Maximum Yes 
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Fig. 6. Ktot of case #1 versus Ktot of case #2. 
 
 
4.3 Relative energy performance 
  
When evaluating an individual building, the energy performance 
in comparison with similar buildings are often more interesting, 
than an absolute estimate. In figure 7 the distribution of the 
calculated Ktot is shown for the set of parameters in table 2 (Case 
2). The distribution is fairly Gaussian and quite similar for all 
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investigated 96 combinations of the different parameters. For the 
case of a Gaussian (normal) distribution we can calculate the 
cumulative distribution function, and use as a measure of the 
buildings relative position (RP) within the group of MFB.  
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Fig. 7. Distribution of Ktot values under the assumptions of case 
#2 of table 2  
 
If we return to the data behind figure 6, and calculates the RP-
values of each MFB (value of the cumulative distribution 
function) for case #1 and #2 respectively, the results in figure 8 
is obtained.  On the y-axis we have the relative position in the 
group of each building for the assumptions according to case 1 
and on the x-axis the buildings relative position based on the 
assumption according to case 2. As seen from figure 8, the 
relative position of an individual building is almost invariant. 
The solid line corresponds to the situation of RP1 = RP2 and 
represents an unchanged relative position of each building. 
 



  

55 

0

0,2

0,4

0,6

0,8

1

0 0,2 0,4 0,6 0,8 1

RP-2

R
P-

1

 

Fig. 8.  The relative position (in terms of the cumulative normal 
distribution function) of case #1 versus case #2. 
 
As stated many times, we have no access to the actual 
consumption patterns of all individual buildings. The actual 
profiles for PHE, PP etc of each individual MFB can differ more 
or less from any of the assumed cases but since the MFB are 
fairly large, an average behaviour should be fairly accurate in 
most cases. One way to simulate a possible reality, would be to 
assume that our 96 combinations reflects the real situation, but 
we don’t know what specific combination of TDHW, PHE etc that 
each MFB operates under. Therefore a new set of Ktot values 
was created, where Ktot for each MFB was determined for a 
specific combination of assumptions that was randomly 
(uniform distribution) selected among the 96 combinations. In 
this way Ktot values for every building was calculated, but with 
randomly distributed assumptions of PL, fDHW, Ti, TDHW and 
CPHE. This new set (M1) of Ktot-values could thus illustrate 
some plausible reality. In figure 8 the relative position of each 
building in the randomly generated set Mix1 is plotted versus 
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RP-1 (the relative position of each MFB when Ktot of all MFB 
have been calculated according to case #1). A similar guideline 
as in figure 8 is also included. 
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Fig. 9.  The relative position (in terms of the cumulative normal 
distribution function) of set M1 versus case #1. 
 
 
As seen in figure 9, the relative position is not as invariant as in 
figure 8. This is of course dependent on the influence from Ti 
and CPHE on Ktot and thus on the relative position of each 
building. The buildings that deviates the most from the guideline 
are those buildings that in the random distribution of 
assumptions in set M1 were allotted a CPHE according to PS. 
This fact is illustrated in figure 10 where a new set of randomly 
distributed assumptions was created (M2) but where a CPHE 
according to PS was omitted.  
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Fig. 10.  The relative position (in terms of the cumulative 
normal distribution function) of set M2 versus case #1. 
 
 
The relative position of an MFB is thus fairly invariant to the 
made assumptions (PS excluded) , i.e. if Ktot is calculated for the 
same assumptions for all buildings or with a random choice of 
assumptions. This indicates that with access to a fair description 
of the CPHE the relative position of an individual MFB could be 
determined fairly accurately. Additional improvements would of 
course be reached if the indoor temperature also were available. 
But in practise Ti would be difficult to obtain, since Ti should 
represent the average temperature inside the building. But for 
CPHE it is plausible to assume that the profile is fairly similar 
between different MFB if they are fairly large. And finally, 
since the absolute value of Ktot demands a full knowledge of all 
parameters the concept of the relative position is more correct to 
use than Ktot-values.  
 
Today most estimates of the energy performance of an 
individual building in Sweden, is based on the annual energy 
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supplied by DH or by other sources for heating. A similar 
representation of the accumulated value of EDH (in KWh/m2) for 
October-March and Ktot (W/m2˚C) and the relative position based 
on EDH and Ktot is shown in figure 11 and 12.  
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Figure 11. Measured EDH from the period October-March versus 

Ktot of case #1. 
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Figure 12. The relative position based on EDH (October-March) 
versus relative position based on Ktot (case #1). 
 
 
Since EDH more reflects the management of the building and the 
tenants behavior than that of the buildings energy performance, 
contradictory evaluations are obtained as seen in figure 11 and 
12. This feature is also reinforced if the annual EDH is used 
instead of EDH from the period October to March. 
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Fig 13. The relative position based on KDH (determined from 
PDH) versus relative position of Ktot of case #1. 
 
 
Instead of using the accumulated value of EDH,  Ktot, based on the 
use of district heating, KDH is determined from a simple linear 
regression of the monthly values of EDH versus Te. The results 
are shown in figure 13. The solid line represents as before the 
invariant case. The reason why this simple approach yields such 
good agreement is due to the fact that only using the measured 
monthly, EDH, corresponds to the assumption that the sum of PG, 
PL and PDHW is constant for all months.  
But if KDH, determined from a linear regression of the monthly 
values of EDH versus Te, is used instead of the accumulated EDH 
we get the results of figure 13. The solid line represents as 
before the invariant case. The reason why this simple approach 
yields such good agreement is due to the fact that only using the 
measured monthly, EDH, corresponds to the assumption that the 
sum of PG, PL and PDHW is constant for all months.  
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5. Conclusions 
 
The thermal property Ktot is a good measure of the energy 
performance of a building. Based on our analysis we conclude 
that in order to obtain the absolute value of Ktot it is most 
important to have data for the household electricity use together 
with the indoor temperature. Of minor importance are the 
domestic hot water consumption and temperature levels. When 
comparing the energy performance of individual buildings in a 
larger set an alternative could be to compare the buildings 
relative performance. For this comparison the absolute values of 
the house hold electricity is not necessary, but the household 
electricity consumption profile (CPHE) is sufficient. For 
buildings that are fairly large, CPHE from the local energy 
company could be used without introducing any larger errors in 
the relative position of an individual building and the same 
applies to the indoor temperature. With access to data for a 
number of years PHE and PBE can also be treated separately 
when using an energy signature approach, if necessary.  
  
We also conclude that the annual energy use per square meter 
(used for space heating and domestic hot water, paid by the 
property holder) is a very questionable energy key figure. This is 
due to the fact that the used energy just represents a part of the 
total energy for heating and more reflects the management of the 
building and the behavior of its tenants than the energy 
performance of the building. 
 
The ultimate question if a building is energy efficient is not 
simply answered by the energy performance of the building but 
involves also the question: Is the building operated in an 
efficient way? 
 
In order to answer the second question the absolute value of the 
gained heat from sources such as household electricity, solar 
radiation etc, is required in combination with the indoor 
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temperatures to estimate the different gain-factors. But based on 
the values of the demanded energy gain, A*CPHE, obtained from 
the linear regression, a similar analysis of A*CPHE in terms of a 
buildings relative position could also be made. For this case the 
relative position is however strongly influenced by the indoor 
temperature, which thus becomes crucial for this kind of 
evaluation.  
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Abstract 
 
In order to identify buildings that have energy saving potential 
there is a need for further  development of robust methods for 
evaluation of energy performance as well as reliable energy key 
indicators. To be able to evaluate a large data base of buildings, 
the evaluation has to be founded on available data, since an in 
depth analysis of each building would require large 
measurements efforts both in terms of parameters and time. In 
practice, available data are usually consumed energy, water etc, 
i.e consumption that the tenants or property holder have to pay 
for. In order to evaluate the energy saving potential and the 
energy management, interesting energy key indicators are the 
total heat loss coefficient Ktot  (W/m2 ,ºK), the indoor 
temperature (Ti) and the utilization of the available free heat 
(solar irradiation and electricity primarily used for other 
purposes than heating). The total heat loss coefficient, Ktot, is a 
measure of the heat losses through the buildings envelope 
whereas Ti and the gained free energy reflect the user’s 
behaviour and efficiency of the control system. 
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In this study, a linear regression approach (energy signature) has 
been used to analyze data from 2003-2006 for nine fairly new 
multifamily buildings located in the Stockholm area, Sweden. 
The buildings are heated by district heating and the used 
electricity is for household equipment and the buildings 
technical systems. The data consist of monthly used energy for 
heating and outdoor temperature together with annual water use 
and for some buildings the household electricity is also 
available. For domestic hot water and electricity, monthly 
distributions have been assumed based on data from previous 
studies and from energy companies. The impact on Ktot and Ti, 
from time period, and assumptions of the utilized free energy is 
investigated. 
 
The result shows that the obtained value of Ktot is rather 
insensitive to the time period and utilized free energy if the 
analysis is limited to October-March, the period of the year 
when the solar irradiation in Sweden yields a minor contribution 
to heating. The results for the total heat loss coefficient was also 
compared to the calculations performed in the design stage and 
Ktot was found to be on average 20% larger and the contribution 
to heating from solar irradiation substantially lower than 
predicted. For the indoor temperature however, the utilized free 
energy have a large impact.  
 
With access to an estimate of Ktot and Ti an improved evaluation 
of the energy performance may be achieved in the Swedish real 
estate market. At present the commonly used measure, despite 
the fact that monthly data is available, is the annual use of 
energy for space heating and square meter of area to let.  
 

 
KEYWORDS: Energy performance, total heat loss coefficient, 
energy signature, household electricity, indoor temperature, gain 
factor 
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Nomenclature 
 
η  Gain factor  
ηDHW  Gain factor for domestic hot water 
ηPE  Gain factor for electricity 
ω  Efficient window area (m2) 
ρ  Density of water (kgm-3) 
cp Specific heat capacity of water(Jkg-

1K-1) 
 
EDHW Energy for domestic hot water (Jm-2) 
EDH  Energy for district heating (Jm-2) 
EG Energy gained from sources not 

designed for heating(Jm-2) 
EH Energy for the heating system (Jm-2) 
Edyn Dynamically stored/released 

energy(Jm-2) 
Etrans  Transmission heat losses(Jm-2) 
Event  Ventilation heat losses(Jm-2) 
f  Fraction  
KDH Heat loss coefficient based on district 

heating per square meter area to let 
(WK-1m-2) 

Ktot   Total heat loss coefficient per square 
meter area to let 
(WK-1m-2) 

MFB  Multi family building 
PP  Power from people(Wm-2

PBE  Building electricity(Wm-2) 
PDH  Power for district heating(Wm-2) 
PDHW Power for domestic hot water(Wm-2) 
PE Household and building 

electricity(Wm-2) 
 
PH Power for the heating system 

(Wm-2) 
PHE  Household electricity(Wm-2) 
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PG Gained power from different sources 
except heating(Wm-2) 

PL  Heat losses(Wm-2) 
PSUN,THEO  Theoretical solar irradiation 

(Wm-2) 
QDCW  Volume domestic cold water(m3)  
QDHW  Volume domestic hot water(m3) 
PSUN  Solar irradiation(Wm-2) 
PSUP Supplied heat (PDH -PDHW +PE +PP) 

(Wm-2) 
TDCW Domestic cold water temperature(˚C) 
TDHW  Domestic hot water temperature(˚C) 
Te  Outdoor temperature (˚C) 
Ti  Indoor temperature (˚C) 
TBDH Building balance point, (˚C)district 

heating 
Tot  Total 
WA  Total window area (m2) 
WAG  Window area-glass (m2) 
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1. Introduction 
 
In literature as well as in practice different methods for 
evaluating building energy performance and efficiency are used. 
The methods are based on a steady state, dynamic or a mixed 
description and applied at the design process or during operation 
and then based on measured data from the building. In the latter 
case detailed knowledge from the design stage may also be 
included.  
 
The models used in the design process are based on detailed 
physical information to forecast as well as to evaluate the energy 
use. A brief overview of the state of the art is given by [1].  
During the actual operation, the building may not exactly agree 
with assumed design conditions, e.g. concerning occupation, 
ventilation and insulation etc. One way to evaluate the building 
is then to calibrate the original model used during design, but it 
can be difficult and also time consuming to collect necessary 
data.  
 
An alternative way to investigate operated building is to use 
monitored performance data. A broad range of models can be 
found in the literature. With access to time series data, different 
data-driven approaches may be used. Madsen and Holst [2] used 
a Kalman filtering to both forecast and simulate the heat 
dynamics of a building whereas Seam and Braun [3] used the 
statistical ARMA-method (AutoRegressive Moving Average) to 
achieve similar goals. Examples of more complex models are 
neural networks [4-8] different so called expert systems [9-10], 
multivariate analysis such as PCA [11-12], which can handle 
complex connections in data, but are often more difficult to 
interpret [13-14].  
  
The choice of model is however often determined by the 
available data in terms of time range and measured parameters. 
In field applications with access to billing data the information 
is sparse. Thus, steady-state methods are generally used. Based 
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on one dependent and one independent parameter a simple linear 
regression can be applied, see e.g. [15-21]. With access to more 
than one independent parameter multiple regression models has 
been developed Sonderegger [22]. Using daily or hourly billing 
data a variable base degree-day method, PRISM, was developed 
by Fels [23]. A brief overview of models and related works can 
be found in ASHRAE 2005 [24]. 
  
In this work we have used the simple linear regression approach 
based on the total energy use and outdoor temperatures. The 
total heat loss coefficient, Ktot, and indoor temperature, Ti, is 
easily determined from regression if Ktot and Ti, are constant. 
But in practice only the part of the total energy use which is 
supplied to the heating system is known whereas energy gained 
from sources that are not designed for heating or from the solar 
irradiation is unknown.  
  
The scope of the work was to investigate how sensitive the 
obtained values of Ktot and Ti are to the investigated time period 
and the assumptions for the gained free energy from solar 
irradiation and electricity used by household and building 
systems. The used monthly data was collected 2003-2006 and 
included nine operated multifamily buildings, in Stockholm, 
Sweden. With access to an estimate of Ktot and Ti an improved 
evaluation and benchmarking of the energy performance may be 
achieved in the Swedish real estate market since today the 
commonly used measure is the annual use of energy for the 
heating system per square meter of area to let.  
 
 
2. Data 
 
2:1 The buildings 
 
All 9 multifamily buildings (MFB) were completed between 
year 1998 – 2003 and are located in the Stockholm area, 
Sweden. The MFB where built and developed by the same 
company and are today owned by different housing co-
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operatives. The energy management and maintenance is 
performed by different small companies. The total area of the 9 
MFB are ca 100 000 m2 and approximately 10% is used for 
commercial purposes. Not included in this area are corridors, 
stairwells, technical spaces, garage etc. which usually represents 
on average about 20-25 % of the total floor area for this type of 
Swedish buildings, PROFU [25] and internal guidelines used by 
the developer. The type of design and construction, total size, 
size of apartments and installation system such as the HVAC 
system etc. are similar for all MFB except for buildings (#1) 
which have a significant larger proportion of windows. The 
common HVAC system is exhaust fans without recovery for 
residential areas and supply and exhausts fans with recovery 
system for commercial areas and garages. In table 1 below, an 
overview of the MFB is given in terms of the distribution of the 
area to let, heat recovery system and window area expressed as a 
ratio to the area to let (Windows % = Window area/Area to let) 
 
Table 1. Data for the 9 MFB  
MFB Area to let Heat recovery Windows % 
 Com. Resid. Com. Resid.  
#1  768 6566 Partly No 29,7 
#2  1233 8441 Partly No 16,8 
#3  359 5121 Yes No Unknown 
#4  1246 11398 Partly No Unknown 
#5  417 9431 Partly No 17,7 
#6  667 13844 Partly No 15,0 
#7  1800 11525 Partly No 14,5 
#8  521 8241 Partly Yes 14,8 
#9  1562 16144 No No 14,7 
 
 
2.1 Measured data 
 
All MFB are connected to district heating (DH) and the 
consumption (used for heating and domestic hot water 
preparation) is accessible on the internet through the DH 
suppliers. For three of the MFB data for the household 
electricity is also available for a few years with values between 
43 - 49 kWh per square meter residential area and year. A 
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compilation of available information and time resolution is 
given in table 2.   
 
Table 2. Available data of district heating (DH), household 
electricity (HE), cold water (CW) and where M and Y refers to 
month and year respectively. 
   
MFB #1 #2 #3 #4 #5 #6 #7 #8 #9 
DHM   
2006 

X X X X X X X X X 

DHM   
2005 

X X X X X X X X X 

DHM   
2004 

X  X X X X X  X 

DHM   
2003 

   X X X X  X 

HEM   
2006 

     X    

HEY    
2006 

    X X    

HEY   
2005 

    X X X   

CWY  
2006 

X X X X X X X X X 

CWY  
2005 

X X X X X X X X X 

 
Based on a previous study of monthly data of 114 MFB [26], the 
measured annual water consumption has been divided according 
to the monthly profile and with the domestic hot water fraction 
of [26]. The domestic hot water temperature has been set to +55º 
C and with a cold water temperature according to data from 
Stockholm Water Company [27]. 
 
 



  

76 

 
3. Method 
 
In this article, energy, power etc. of the MFB refers to the 
energy, power etc. per square meter of area to let.  
 
The energy balance for a building is in a lumped description 
given by 
 

GHdynventtrans EEEEE +=++                               (1)                                                          
 
Where Etrans and Event is the energy losses through the building 
envelope trough transmission and ventilation respectively, Edyn, 
the dynamically stored/released energy, EH the energy supplied 
to the heating system and EG the energy gained from sources 
that are not primarily designed for heating. With a time 
resolution of one month, the dynamic term may be neglected 
since the time constant of the buildings is of the magnitude of 
days. With Edyn equal to zero equation 1 reduces to a static 
description which in terms of power may be rewritten as. 
 

( ) totGHeitot PPPTTK =+=−           (2)                                                          
 
Where Ktot is the total heat loss coefficient which includes both 
transmission and ventilation and where and Ti and Te are the 
internal and external temperatures of the building. Ktot is thus a 
measure of the buildings thermal efficiency, in terms of required 
power to maintain an internal/external temperature difference of 
one degree Celsius per square meter area to let and thus a 
measure of the buildings thermal performance.  
 
The gained power (PG) represents contributions from a number 
of sources such as electricity used for household equipment 
(PHE), domestic hot water (PDHW), electricity used for the 
buildings technical systems (PBE) such as fans, pumps etc, solar 
irradiation (PSUN) and personal heat (PP) to heating 
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3.1 Energy primarily used for heating 
 
Since all investigated buildings were attached to district heating, 
the energy supplied to the buildings (EDH) was used for heating, 
domestic hot water preparation (EDHW) and losses (EL). The 
energy used in the heating system is thus given by 
 

LDHWDHH EEEE −−=                               (4)                                                      
 
and in terms of power we have 
 

LDHWDHH PPPP −−=                         (5)                                                      
 
By introducing the domestic hot water fraction, fDHW, the power 
for hot water preparation (PDHW) is given by 
 

( ) ρ∗∗−∗∗= pDCWDHWDCWDHWDHW cTTQfP                  (6)                                               
 
with fDHW = QDHW/QDCW and where TDHW and TDCW are the 
domestic hot and cold water temperatures and QDHW and QDCW 
are the domestic hot and cold water consumptions. 
  
The term PL is difficult to estimate, since detailed knowledge of 
where the eventual losses take place is not available. If the 
losses are mainly in pipes that are within the building envelop 
they contribute to the heating and thus PL = 0, which is the case 
for all 9 MFB. 
 
 
3.2. Gained free heat 
 
3.2.1 Gained heat from domestic hot water 
 
Heat is of course gained from the domestic hot water but at the 
same time heat is also transferred to the cold water that is used 
in the building. The net result from these two processes is 
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difficult to estimate but we have assumed that they are of equal 
magnitude and thus used a gain factor equal to zero (ηDHW = 0) 
for the domestic hot water. 
 
 
3.2.2 Solar irradiation 
 
The solar irradiation is not easy to estimated, even if in depth 
data for the individual buildings in terms of location, orientation 
and shape etc. is available. In order to reduce the influence from 
the sun the analysis has been limited to the period October-
March, a period for which the solar irradiation is fairly small in 
Sweden. 
 
   
3.2.3 Use of electricity for household and building systems 
 
In figure 1, the average daily consumption profile obtained from 
two energy companies, Umeå Energy (UE) [28] and Göteborg 
energi (GE) [29] are presented together with data from 10 
measured properties in Malmoe [30] and from MFB #6 of this 
study. 
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Fig. 1. The relative daily consumption of PHE over a year. 
 
 
Data of the building electricity, PBE, was not available, but it 
was found in an earlier study [8], that the PBE profile is similar 
to that of the household electricity, PHE. The profile of PHE was 
therefore used to represent the total electricity use, PE (PBE+ 
PHE). In addition, the contribution from PBE to the indoor 
temperature is expected to be smaller than from PHE since all 
building technical systems are not indoors.  
 
 
3.2.4 Heat from people, PP 

 
Data for the number of persons and their living pattern are not 
available in our database. But based on official statistics (SCB, 
Statistics Sweden ) [31] the average rented area per person is 40 
m2 in multifamily buildings in Sweden.  
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Based on this and a study from 1996 [32] of peoples 
whereabouts (such as presence at home and type of activity) an 
estimate of PP  [24] was done. With a gain factor equal to 1 the 
assumptions gives a fairly constant value of the gained heat 
from people per square meter which corresponds to an on 
average increased temperature of approximately 1 ºC. 
 
 
3.3 Final model 
 
The power balance given by equation 2, may now be written, 
with PE = PHE + PBE, as 
 

( ) sunPEDHWDHeiTot PPPPPTTK +++−=−∗ η             (7)                                                   
 
or as 
 

( ) ( )
SUNP

EpDCWDHWDCWDHWDHeitot

PP

PcTTQfPTTK

+

++∗∗−∗∗−=−∗ *ηρ

          (8) 
 
Using the assumptions discussed earlier together with measured 
monthly data of Te, TDCW, QDCW, the only unknown parameters 
are Ktot, Ti and η.  
 
 
4. Results and discussion 
 
4.1 Total heat loss coefficient, Ktot 
 
4.1.1 Dependency on selected part of the year 
 
The obtained values of  Ktot is based on different assumptions, 
since all necessary data are not available. In order to investigate 
the influence from the solar irradiation, Ktot was determined 
(table 3) based on monthly data from different time periods 
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under the assumption that PSUN = 0. All MFB were assigned an 
PE in W/m2 equal to that of the measured PHE  of MFB #6 but 
with η =1. This high gain factor was chosen to include the 
building electricity.  

Table 3. Total heat loss coefficient, Ktot, when data is taken from 
different month, with the number of data points used in the 
regression inside the brackets. 

 
MFB Ktot (W/m2ºK) 
 Oct-March Nov-Feb Dec-Jan 

 
#1  1,59  (18) 1,39  (12) 1,25  (6) 
#2  1,30  (12) 1,11  (8) 1.22  (4) 
#3  1,41  (24) 1,52  (16) 1,64  (8) 
#4  1,32  (24) 1,37  (16) 1,50  (8) 
#5 1,18  (24) 1,21  (16) 1,22  (8) 
#6 1,13  (21) 1,12  (13) 1,11  (6) 
#7 0,95  (21) 0,99  (14) 0,86  (7) 
#8 1,03  (12) 1,10  (8) 1,13  (4) 
#9 1,00  (24) 1,08  (16) 1,11  (8) 

 

With access to measured monthly data from more than one year, 
a regression based on only the two darkest month of the year is 
possible. Since there are a dependency between Te and PSUN the 
value of Ktot is expected to decrease when the analyzed period 
becomes shorter and the contribution from PSUN decreases. This 
means that Ktot is expected to decrease when the analyzed period 
becomes shorter (and darker). Building #1 exhibits the expected 
tendency which perhaps can be explained by the fairly large 
window area for this MFB compared to the other MFB (table 1). 
The rest of the MFB exhibits fairly small differences in Ktot and 
MFB #3 and #4 shows an increase. The small number of 
readings, especially for Ktot based on December and January, is 
of course a source of uncertainty. In addition we have in these 
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calculations assumed the same constant gain factor and the same 
amount of household electricity per square meter area to let as 
measured in MFB #6 (figure 1). For MFB #5 and #7, the annual 
household electricity was available for some years, and for those 
years we assumed that the measured annual household 
electricity had the same distribution as MFB #6   

However, based on the results obtained with this approach, there 
is no clear evidence that the omission of PSUN has an impact on 
Ktot if data from October-March are used. For MFB #1, which 
has an excessive window area we notice the expected tendency 
whereas for the other MFB the variation in obtained Ktot is about 
± 10%  
 
 
4.1.2 Dependency of year 
 
In table 4 a compilation is made of Ktot when determined on data 
from each year (period January-March and October-December ) 
together with Ktot from chapter 4.1.1. 
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Table 4. Total heat loss coefficient, Ktot, when data is taken from 
different years. 

 

   Ktot (W/m2ºK)  

MFB 2003 2004 2005 2006 2003-
2006 

Max. 
Dev 

#1  1,57 1,58 1,60 1,58 1% 

#2   1,34 1,26 1,30 3% 

#3 1,49 1,50 1,36 1,32 1,40 7% 

#4 1,43 1,42 1,27 1,25 1,32 8% 

#5 1,24 1,27 1,13 1,12 1,18 8% 

#6 1,07 1,13 1,18 1,12 1,13 5% 

#7  0,92 0,95 0,88 0,95 7% 

#8   0,87 1,13 1,03 16%

#9 1,05 1,09 0,96 0,91 1,00 9% 
 

For most buildings the maximum deviation between the annual 
value of Ktot and the value based on all readings is typically less 
than 9 % with the exception of building #8, for which data was 
only available for two years. The variation in the obtained 
values of Ktot based on annual data is thus similar and smaller to 
that of table 3. 
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4.1.3 Dependency of gained household and building 
electricity, PE
 
The obtained values of Ktot for our model are as stated before 
dependent on the made assumptions for 

a. Gained personal heat 
b. Domestic hot water preparation 
c. Gained free energy 
d. Indoor temperature, Ti  

Of the above listed assumptions, the two most important are the 
indoor temperature and the gain from the free energy (household 
and building electricity and solar irradiation). In order to 
determine Ktot from a linear regression an assumption has to be 
made for the gained free energy or the indoor temperature, since 
the number of unknown parameters is limited to two. 

The investigated MFB are fairly large and it seems reasonable to 
assume that the coldwater and domestic hot water consumption 
profiles are similar to what was found when analyzing data from 
114 MFB presented in Sjögren et.al [26] and the impact on Ktot 
from this and from the estimate of the personal heat is fairly 
small. 

In order to solve equation 8 by regression to obtain Ktot the 
following procedures can be used, first we rewrite equation 8 
(with PSUN = 0) as 

( ) itotPHELpDCWDHWDCWDHWDHetot TKPPPcTTQfPTK ∗−++−∗∗−∗−=∗− ** ηρ
          (9) 

And by letting A represent the known terms of equation 9 the 
final equation becomes 
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itotetotHE TKTKPA ∗+∗−=+ *η   (10)
                    

In table 5, Ktot for all buildings have been determined based on 
the same data (October – March) as in table 4. 

A. Every building has an annual indoor temperature of +22 
ºC based on the electrical profile from Göteborgs energi, 
see figure 1. (Ktot and gained energy determined by 
regression) 

B. Every building has an annual indoor temperature of +24 
ºC based on the electrical profile from Göteborgs energi. 
(Ktot and gained energy determined by regression) 

C. Every building has the same house hold electricity use 
per square meter as building #6 and the gain factor is 
0.75. (Ktot and Ti determined by regression) 

D. Every building has the same house hold electricity use 
per square meter as building #6 and the gain factor is 1.0. 
(Ktot and Ti determined by regression) 
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Table 5. Total heat loss coefficient, Ktot, fore case A-D. 

MFB A B C D 

#1 1,63 1,70 1,57 1,59 

#2 1,27 1,31 1,28 1,30 

#3 1,48 1,56 1,39 1,41 

#4 1,40 1,48 1,30 1,32 

#5 1,18 1,24 1,16 1,18 

#6 1,10 1,13 1,11 1,13 

#7 0,89 0,93 0,92 0,95 

#8 1,02 1,05 1,01 1,03 

#9 1,01 1,06 0,98 1,00 

 

The different estimates of how large the utilized household 
electricity for heating, has a fairly small impact on the estimated 
Ktot value. Ktot determined for different assumptions of PE (equal 
to that of MFB #6 with different gain factors or required PE 
according to Göteborg energi to obtain a constant Ti equal to 22 
or 24 ºC) results in a variation of Ktot which is less than ± 5% 
and thus smaller or comparable to the variation obtained when 
Ktot is based on a single year or data from different parts of the 
year (table 3 and 4). Since we have no information about the 
true heat gain from the used electricity, domestic hot water 
consumption and personal heat and indoor temperature it is 
impossible to determine the absolute Ktot value. But for a 
comparison between different buildings the use of these 
determined values can with preference be used as a comparison 
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in relative terms as discussed in Sjögren et al. [26] and the 
deviation between the average values are fairly small between 
different assumptions and time periods. 

From the perspective of a property owner, Ktot is of course of 
interest due to any liability questions towards the manufacturer, 
but the most interesting question is; are the building used in an 
efficient way according to its prerequisites, i.e. are there 
excessive indoor temperatures and are the free heat utilized in an 
efficient way. 
 
 
4.1.4 Comparison with design values 
 
The total heat loss coefficient, Ktot, is a measure of the 
demanded energy flow per square meter area to let and degree 
Kelvin. In the Swedish building regulations there is a stipulated 
threshold value that newly constructed buildings have to fulfill. 
In the near future the building constructor also, after two years 
of operation, has to validate the building against the required 
standard. Before this new demand on an actual evaluation of the 
built house, it was enough for the constructor to show 
calculations of the estimated heat loss coefficient. This 
calculated heat loss coefficient is in table 6, compared with our 
results. The calculations performed by the constructor was done 
with the software ENORM [33] and the results have been 
transformed to Ktot per square meter are to let for comparison. 
For buildings # 3 and 4 we have not accessed the ENORM-
simulations or they were incomplete. 
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Table 6. Total heat loss coefficient, Ktot,  
MFB Ktot

  (W/m2ºK) Ktot, ENORM (W/m2ºK) 

#1 1,58 1.43 
#2 1,29 0,82 
#5 1,18 1,06 
#6 1,13 0,93 
#7 0,95 0,82 
#8 1,03 0,66 
#9 1,00 0,91 

 

The regression based on measured data yields an Ktot value that 
generally are higher (from 5 to 57%) than what ENORM 
predicts. For MFB #8, which was awarded in an energy 
competition based on the ENORM calculations, the deviation is 
as large as 56 %. The results from the ENORM calculations are 
of course dependent on the used input for each calculation and 
thus difficult to assess in detail since we have no access to more 
detailed information than what is used as input to ENORM. 
 
 
4.2 Indoor temperature, Ti 
 
The used lumped model treats the whole MFB as one climate 
zoon and yields thus an averaged picture of the complex 
variation of Ti inside the building.  However the average indoor 
temperature is of a major interest for a property holder when 
evaluating the energy performance of the MFB. The calculated 
average indoor temperature of the 9 MFB are presented in the 
figure below. 
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 Fig. 2 Average indoor temperature for MFB 1-9, October-
March 
 
 
The average temperature varies from 20.8 ºC to 23.8 ºC between 
different MFB. The calculated indoor temperature is of course 
sensitive to the assumed ηPE and the deviation between the 
different buildings could originate from the fact that we in these 
calculations used the same PE for all MFB. This is illustrated by 
the fact that when changing η from 1.0 to 0.75, the average 
indoor temperature of all buildings decreases from 22,1 ºC to 
21,2 ºC. 
 
 
4.2.1 Indoor temperature for different month 
 
Based on Ktot, Ti for each month is easily calculated and in 
figure 3 Ti is calculated for the same annual PE of building #6, 
but distributed according to figure 1 or constant over the year. 
Although the distribution of Ti resembles the distribution of PE 
(see fig 1) this is not the cause of the distribution as seen in 
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figure 3. Since the indoor temperature in modern buildings is 
expected to be fairly constant with today’s control systems the Ti 
-distribution could be due to the omission of PSUN. 
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Fig. 3. Average indoor temperature of all MFB for different PE-
profiles 
 
 
4.3 Including the solar irradiation, PSUN
 
Using available data of the daily average solar irradiation per 
square meter of a 2-glas window from the 15:th of every month 
in Stockholm with a 10 degrees shading [34] a theoretical 
estimate of the effective solar irradiation per square meter, 
PSUN,THEO, have been calculated for each building. In the 
calculation of PSUN,THEO, the data for the window areas and their 
orientation has been taken from the input data sheet to ENORM. 
The power balance of the MFB according to equation 8 is then 
given as 
 

( ) PEDHWDHeiTot PPPPTTK ++−=−∗ η        (11)  
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With η = 1 and PE from building #6 and other used assumptions 
for domestic hot  water consumption and personal heat, the right 
side of the equation above is known, and the equation may be 
rewritten as 

( ) THEOSUNSUPeiTot PPTTK ,ω+=−∗           (12)
                                            
Where PSUP is equal to the right side of equation 11, and ω 
corresponds to the efficient window area, which is subject to the 
theoretical solar irradiation PSUN,THEO. The parameters Ktot and ω 
are then determined from a linear regression for each building, 
using all data for the time period March-October. In table 7, Ktot 
and ω are presented together with the total window area of each 
building and the estimated Ktot without taking PSUN into 
consideration. For building #3 and #4, no complete data of 
window areas or orientation were available.  

Table 7. Effective window area, ω, and Ktot
MFB Glass area 

(WAG) 
Ktot 
(W/m2ºK) 

Ktot, SUN 
(W/m2ºK) 

ω (m2) ω/ WAG

#1 2563 1,58 1,55 256 0,10 

#2 1290 1,29 1,28 324 0,25 

#3  1,40    

#4  1,32    

#5 1216 1,18 1,14 187 0,15 

#6 1744 1,13 1,11 244 0,14 

#7 1544 0,95 0,93 120 0,08 

#8 1658 1,03 1,02 244 0,14 

#9 2080 1,00 0,97 388 0,16 
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The Ktot value with PSUN included, is slightly smaller for all 
buildings compared to Ktot with PSUN = 0. This is an expected 
result as discussed before. These calculations are based on a 
number of assumptions, concerning PE and the corresponding 
gain factor, the correctness of the used values of solar 
irradiation, the use of the daily value from the 15:th of each 
month to represent the whole month, etc. A measure of the 
plausibility of these assumptions could be to look at the ratio 
between ω and the total glass area, WA. For buildings where no 
information was available for the ratio window glass to the total 
window area, we used the ratio 0,8. The ratio ω/ WAG is found 
to be fairly similar between the buildings with the exception of 
MFB #2 and #7. The fact that the ratio is fairly equal is taken as 
an indication that the used approach gives reasonable results and 
the corresponding Ti is levelled out as seen in Fig. 4 below. 
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Fig 4. Average indoor temperature of all MFB, if PSUN  is 
included 
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When taking the solar irradiation into account, we obtain as 
expected an increased indoor temperature which on average for 
all buildings corresponds to 1,9 ºC. The increase varies of course 
between the different buildings. The magnitude of Ti is based on 
our assumed utilization of the free energy. For the gain from 
household and building electricity we used η = 1 for the 
household electricity since the building electricity is unknown. 
Based on this and the fact that ω is fairly small we take these 
results as an indication that the indoor temperatures in the 
studied MFB are probably higher than the recommended level of 
21-22 ºC. 
Although the thermostat normally has its maximum limit set to 
22-23 ºC it is known from measurements [35] that the indoor 
temperature can exceed the limit of the thermostat with several 
degrees. This can occur during different parts of the year and the 
reasons therefore vary. Unless the control system or the 
thermostat valve compensates for the increased internal load 
during the heating season it is likely that the indoor temperature 
increases as our simulations indicates.  
 
 
4.4 Annual heating demand 
 
Based on the determined Ktot from October-March an annual 
prediction of the indoor temperature is possible together with a 
calculation of the different energy sources contribution to the 
total heating demand. The average indoor temperature from all 
buildings is shown in Fig. 5. The annual average for Ti is + 24,2 
ºC 
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Fig. 5. Average indoor temperature for all MFB. 

 
The monthly temperature profile shows more or less the 
expected profile, that is an increased Ti during the summer 
month. In these calculations we have used ω from table 7 and 
not taken into account the use of Venetian blinds etc and the fact 
that during for instance July the average Te was 19,6 ºC and 
Swedes applies to the policy of opened doors and windows. The 
annual heat balance, W/m2, is presented below for building #6, 
for which the data of PE was taken. 
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Average power per month W/m2

 

0

5

10

15

20

25

30

35
Ju

ly

A
ug

S
ep O
kt

N
ov

D
ec Ja

n

Fe
b

M
ar

A
pr

M
ay Ju

n

W
/m

2

Sun
People
Gained elect.
District heating
Dom. hot water

 

Fig. 6. Contributions to the heating demand of MFB #6.  
 

This means that on an annual basis approximately 26% of the 
consumed PDH is used for domestic hot water preparation and 
the remaining part of PDH is used for heating and corresponds to 
57% of the total heating demand. The remaining heating is 
supplied by ηPE 28%, PP of 7 % and PSUN 8%. These results are 
in poor agreement with what was predicted with the ENORM-
software and especially for PSUN where the utilized solar 
irradiation is almost 3 times larger than what is obtained in our 
analysis.  
 
 
4.5 Information obtained from PDH 
 
The above presented analysis is based on different assumptions 
in order to obtain a more correct estimate of the thermal 
performance of the building, additional information is needed, 
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especially of Ti and PE. In most real situations the only 
accessible information is the information from the DH-supplier 
and outdoor temperatures. In figure 7 and 8 Ktot and Ti 
(including PSUN) is plotted versus KDH (the slope of PDH versus 
Te) and the DH-balance temperature TBDH (the intercept of PDH 
versus Te) respectively. The parameters KDH and TBDH is 
determined from data from all years for the period October-
March (average value from all years from all buildings) and Ti is 
taken from section 4.3  
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Fig. 7. Ktot versus KDH in W/m2ºK 
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Fig. 8. Ti versus TBDH

The slope of PDH versus Te, KDH gives a good description of Ktot 
and especially when considering the relative performance of 
each building. This is of course not entirely surprising, since the 
annual variation of domestic hot water consumption and 
household electricity is not that large and the total impact on Ktot 
from domestic hot water and household electricity is fairly 
small. Even if the obtained Ktot values are fairly similar the 
corresponding calculated average indoor temperature varies 
more, which will be discussed in the following section. From 
figure 8 it is also obvious that a high balance temperature for the 
DH also gives an indication of a high indoor temperature.  
 
 
5. Conclusions 
 
The here presented results for Ktot and Ti, are as discussed before, 
dependent on a number of assumptions which mainly are based 
on data from a previous study of 114 MFB [26]. The simulations 
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indicate that estimated values of Ktot based on monthly data from 
October to March is fairly insensitive (±5% for most MFB) to 

 
(i) If the gain factor is taken as constant or adjusted to 

yield a specific average indoor temperature.  
 

(ii) If PSUN is included or not 
 

(iii) If a time period of one or many years are used.  
 

Although the obtained values of Ktot is fairly insensitive to the 
above listed assumptions, Ti is sensitive to mainly (i) and (ii). 
The different assumptions for the gained free energy have a 
large effect on Ti, as seen for MFB #6. For MFB #6 measured 
monthly data of PHE was available, and a changed gain factor 
from 1,0 to 0,75 results in a small change of  Ktot from 1,13 to 
1,11 W/m2, but Ti changed with almost 1 ºC. The same occurred 
when PSUN was included, the indoor temperature increased with 
1,5 C whereas Ktot was almost unchanged.  
 
In order to be able to improve the determination of Ktot, access 
to data of primarily Ti and PE is required. Although the absolute 
value of PE is unknown for all other buildings it is reasonable to 
assume an PE of a similar magnitude per square meter and 
monthly distribution. Thus an analysis of this kind that uses 
generalized consumption patterns together with available 
monthly utility billing data provides a good estimate of Ktot but 
also of the indoor temperature of the different MFB. 
 
When evaluating the energy performance in Sweden, the 
commonly used indicator is the energy supplied to the heating 
system (often also including hot water preparation) per square 
meter. This is however a very rough energy performance 
indicator, since only a part of the total energy use is considered. 
With access to information about the indoor temperature and the 
buildings prerequisites in terms of the total heat loss coefficient 
an improved analysis of the energy performance is possible. 
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Abstract 
 
System identification can be used for evaluations of how 
measured energy use is influenced by the operation, design and 
equipment of the buildings and their users. However, it can be 
difficult to access appropriate data for modelling purposes due 
to, small number of buildings, not normally distributed 
parameters, to lumped information, etc. In this work data of a 
sub-set of 112 comparable multifamily buildings located in the 
Stockholm area was derived from a larger Swedish building 
energy consumption survey. In that database, accessible data are 
monthly consumption data together with a large number of 
building specific classification parameters e.g. building code, 
age of control system, type of owner, maintenance organization, 
area to let etc.  
 
A multivariate PLS-method  (Partial least squares to Latent 
Structures) was used to model different energy performance 
measures such as use of energy for heating, electricity used to 
operate the buildings technical system, the buildings total heat 
loss coefficient and use of domestic cold water. The PLS-
models was investigated for both the total annual use and the 
annual use normalized to the available floor area. For most 
measures of performance, only qualitative estimates of the 
impact from different classification parameters could be drawn 
due to the goodness of the model. But for some of the 
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investigated  parameters quantitative estimates could also be 
drawn. The obtained results are in most cases in good agreement 
with what may be expected.  
 
To enable benchmarking of different energy performance 
measures the area to let is a common used as normaliser by real 
estate manager in Sweden. In this study we find strong 
indications that the area to let is not suitable for this purpose. 
 
 
KEYWORDS: Energy  Parameters, System identification, 
Residential buildings, Multivariate Analysis, PLS  
  
 
1. Introduction 
 
From the property owner’s point of view, a continual follow-up 
of the supplied energy for space heating and cooling, use of 
electricity for appliances and operation of the buildings 
technical systems, cold and hot water consumptions, etc, is 
important in order to vouch an efficient operation of a building. 
That follow-up can be based either on on-line metering, for an 
early identification of problems in the operation, or be based on 
collected historical data aggregated weekly, monthly or 
annually. By analyzing collected historical consumption data 
deteriorations and trade in consumption parameters can be 
identified. But, the data can also be used for identification of the 
impact from users and from the buildings design and equipment.  
 
In the literature one can find examples of studies where building 
and user parameters have been used to model the energy use for 
operated buildings. In an analysis on data from US Hotels, using 
a linear regression approach, the energy use intensity (EUI) 
indicated significance for floor area, number of workers and 
visualized demand metering [1]. A linear regression was also 
used [2] to study EUI for office buildings registered in the 1992 
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US Commercial Building Energy Consumption Survey 
(CBECS). The strongest determinant parameters were found to 
be floor area, number of workers, personal computers, owner 
occupancy, operation hours and presence of economizers and 
chillers. In a more recent study, a multiple regression model was 
used by [3] to find explanatory factors of EUI for office 
buildings. In that study the most significant factors were found 
to be the buildings age, operating hours, floor area, number of 
consumers and a subjective qualitative description of user 
behaviour and maintenance. Parametric studies have also been 
conducted on DOE-2 simulation of an office building. Based on 
a multiple regression twelve parameters (six from building load, 
four from HVAC system and two from HVAC refrigeration 
plant) were found significant for an energy prediction [4]. 
 
In the investigation introduced in this paper a multivariate 
approach has been used to identify important parameters for the 
energy use based on monthly data and collected information of 
buildings and operation conditions of 112 multifamily buildings 
in Sweden. An important motive for the multivariate approach 
was to minimize the impact from correlation between the 
different parameters, since a strong correlation between different 
parameters can lead to erroneous conclusions about causality.  
 
 
2. Data 
 
In an ongoing project called The Energy-Key (E-nyckeln), [5] 
data are entered to a database by the property holders. Collected 
data consist of building specific information as well as monthly 
consumption of mainly supplied energy and water. In the first 
stage of the Energy-Key project, data from 360 real estates 
corresponding to 3 500 000 m2, were reported. Each real estate 
consists of one or many buildings, but here after referred to as 
one building. The data was entered into the database by each 
buildings maintenance organization after an inventory under the 
supervision of the project leader of the Energy-Key project. All 
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buildings in the database used the same Building Energy 
Maintenance System (BEMS) for energy control. 
 
Since the number of multifamily buildings (MFB) was the 
largest subset in the database, the decision was to focus on MFB 
where more than 90% of the area to let was used for apartments. 
Of these MFB the vast majority was heated by District Heating 
(DH) and only a few had gas or oil boilers. No MFB were 
equipped with comfort cooling. To get a comparable large set of 
objects for the study, MFB with gas or oil boilers were excluded 
due to uncertainties in burner efficiency. Based on this selection, 
112 MFB remained and were used in this work.  
 
Entered data, used in this study, were classification parameters 
listed in table 1 below (both qualitative and quantitative) 
describing the buildings physical and technical feature and 
operation conditions. Additionally, investigated parameters were 
metered consumption data of energy supplied by district heating, 
(QDH) used for space heating and domestic hot water 
preparation), domestic cold water (DCW) and electricity for 
operating the MFB (QBE). 
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Table 1 Classification parameters 
Parameter  Unit/ Abbrev. 
New windows NW Yes(4)/No(108) Y/N 
Improved wall  insulation IW Yes (3)/No (109) Y/N 
Improved  attic insulation IA Yes(7)/No(105) Y/N 
Mechanical ventilation MV Ye(30)s/No(21)/Reinforced natural 

ventilation(61) 
Y/N/R 

Heating system adjusted HSA Yes(38)/No(74) Y/N 
Thermal inertia TI Medium(70)/High(41) M/H 
Continuous Ventilation  CV Yes(69)(/Demand(36) YD 
Age of building control 
system 

ACS year<5(46) / 5<year<10(47) / 
year>10(12) 

R/5/10 

Metering of  household 
electricity 

M-HE Collectively(47)/Individually(65) C/I 

Sensor control for lighting SL Yes(41)/No(60)/P(11) Y/N/P 
Maintenance organization MO External(26)/Internal(84) E/I 
Owner category OC Cooperative(10)/ 

Public(38)/Private(62) 
COOP/PUB
/P 

Building Code BC 1900(20)/1940(10)/1960(10)/1967(
44)/1975(9)/1980(8)/1989(10) 

 

Ventilation heat recovery VHR  Yes(20)/No(92) Y/N 
 Household electricity paid 
by the property holder 

HE-P No(15)/Up to 10%(24)/More than 
10%(24) 

N/10/10+ 

Number of engine pre-
heaters 

EPH #(83)  

Number of apartments #A #(111)  
Area to let ATL m2  
Garage area GA m2 - 
Restaurant area RA m2 - 
Share of flats SF Percent  
Energy use for district 
heating 

QDH kWh QDH

Building electricity QBE kWh QBE

Domestic Cold Water DCW m3 DCW 
 
 
Based on the monthly consumption data, additional parameters 
were estimated. The methodology to calculate those parameters 
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was introduced and evaluated in an earlier published work [6]. 
The following three parameters were used in this study:  
 
1. KDH, 
The total heat loss coefficient (Ktot) is a measure of the building 
space heating demand. The parameter Ktot can be described as 
the required power that is needed to maintain an 
internal/external temperature difference of one degree Celsius. 
Thus, both transmission and ventilation losses are included in 
Ktot. In [6] Ktot of the here investigated MFB: s was estimated by 
an energy signature approach. The analysis was based on a 
detailed analysis of the contribution from different heat sources 
together with a sensitivity analysis of the used assumptions. In 
that investigation it was found that the slope of DH versus the 
outdoor temperature (KDH) is a fair estimate of Ktot, when KDH 
was determined from monthly data from October-March. The 
used time period constitutes the major part of the heating season 
and also the part of the year when the contribution from solar 
irradiation is fairly small in Sweden. 
 
2. TDH,BAL
As an indication of the actual indoor temperature we have also 
used the regression intercept from determining KDH. This 
intercept TDH,BAL corresponds to the outdoor temperature when 
the demanded DH would be zero. 
 
3. T* 
Based on KDH the theoretical annual heating demand (Q22) was 
calculated based on the assumption of a constant indoor 
temperature of 22°C.  The ratio QDH/Q22 was used as a measure 
of the indoor temperature. Under the assumption that gained 
heat from other sources besides QDH and the amount used for 
domestic hot water is fairly similar in relative terms, the ratio 
(T*):  
 
T* = QDH/Q22  
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would reflect the actual indoor temperature. A high T*-value 
would then indicate a fairly high indoor temperature, and vice 
versa. 
 
 
2.1. Measured and calculated data 
 
The distribution of the measured total consumption, or 
consumption normalized per square meter area to let (ATL), of 
district heating, domestic cold water and building electricity 
together with the calculated parameters was investigated. Three 
statistical methods were used: P-value, Skewness and Kurtosis. 
The results are shown in table 2. 
 
 
Table 2. Analysis of basics statistics on the parameter 
distributions 
 P-value Skewness Kurtosis
QDH <0.005 1.19 2.59 
QBE <0.005 1.43 1.90 
DCW <0.005 1.19 2.45 
Ktot <0.005 1.35 3.28 
QDH/ATL 0.020 -0.525 1.848 
QBE/ATL <0.005 0.943 0.276 
DCW /ATL 0.006 0.457 2.85 
Ktot/ATL 0.558 0.156 0.650 
TDH,BAL 0.683 0.094 -0.081 
T* 0.042 0.877 1.79 
 
 
In order to test the assumption of a normal distribution, we 
calculated the corresponding P-value. If the P-value is higher 
than the pre-determined level of significance (P-value > 0.05) 
the data can be assumed to have a distribution close to normal. 
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The symmetry of the distribution is evaluated in terms of 
skewness. A distribution is skewed if one tail extends farther 
than the other. A skewness value close to zero indicates 
symmetric data, a negative value indicates negative/left skew 
and a positive value indicates positive/right skew. Kurtosis is a 
measure of how sharply peaked the distribution is. If the 
Kurtosis value is zero the distribution is normally peaked, a 
negative value indicates a distribution that is flatter than normal 
and a positive values indicates a distribution with a sharper than 
normal peak. 
 
None of the measured consumption parameters has a 
distribution that resembles a normal distribution, which could be 
expected since the size of the buildings is not normally 
distributed. But this fact is not changed after normalization with 
ATL. The only parameters (table 2) that shows a fairly normal 
distribution are TDH,BAL and T*, i.e. the parameters that by 
definition doesn’t require a normalization. Of these parameters, 
the balance temperature, TDH,BAL exhibits an almost perfect 
normal distribution as seen in figure 1.   
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Figure 1. Probability plot of TDH,BAL
 
 
Based on the fact that the investigated set of MFB was rather 
large (112 MFB) the distribution of the measured consumption 
when normalized with respect to the area was expected to be 
close to a normal distribution. Of the here studied parameters, 
the normalization to ATL could be expected to be most relevant 
for the domestic cold water consumption and least relevant for 
KDH since the area of the climate shield should be the relevant 
area to use, but the results surprisingly indicates the opposite. 
The fact that the distribution of TDH,BAL and T* was found to be 
approximately normally distributed indicates that the use of 
ATL as normaliser is questionable. 
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The area to let (ATL) is well used by real estate manager in 
Sweden as normaliser when benchmarking energy and water 
use. One problem with ATL is the fact that the ratio of ATL to 
the total floor area differs both between different building codes 
but also within buildings constructed with the same building 
code.  
 
 
2.2. Qualitative parameters 
 
Based on the registered qualitative parameters the categorization 
was investigated for the metered and simulated parameters. The 
investigation was based on the analysis of variance (ANOVA). 
ANOVA is a collection of statistical models and their associated 
procedures which compare means by splitting the overall 
observed variance into different parts. In this paper a one-way 
analysis was performed which basically is a test if the variance 
can be explained by the explanatory variable. The analysis 
provides standard deviations, variances, upper and lower 
confidence limits (95%). The separation was assumed 
significant when the p-value < 0.05. 
 
The ANOVA was applied on the set of parameters investigated 
above in terms of responses and available relevant qualitative 
parameters. The results can be found in Tab 3.  
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Table 3. Analysis of ANOVA p-value 
 BC TI NW IA MV VHR HSA CV ACS M-

HE 
SL OC HE-P 

QDH 0.015 0.817 0.435 0.152 0.050 0.549 0.686 0.079 0.049 0.080 0.287 0.121 0.001 
QBE 0.000 0.702 0.409 0.010 0.004 0.709 0.001 0.026 0.013 0.001 0.000 0.000 0.000 
DCW 0.000 0.225 0.754 0.243 0.001 0.110 0.115 0.006 0.015 0.008 0.003 0.003 0.000 

Ktot 0.107 0.705 0.596 0.218 0.148 0.767 0.884 0.094 0.084 0.125 0.381 0.183 0.001 
QDH/ATL 0.000 0.000 0.908 0.633 0.062 0.037 0.159 0.625 0.739 0.053 0.164 0.425 0.128 
QBE/ATL 0.000 0.455 0.216 0.003 0.138 0.233 0.000 0.027 0.419 0.028 0.000 0.000 0.000 

DCW/ATL 0.001 0.244 0.602 0.753 0.008 0.332 0.508 0.006 0.836 0.518 0.000 0.018 0.000 
Ktot/ATL 0.000 0.004 0.535 0.680 0.001 0.018 0.025 0.365 0.431 0.043 0.096 0.172 0.543 
TDH,BAL 0.400 0.214 0.321 0.099 0.196 0.375 0.074 0.478 0.468 0.384 0.292 0.153 0.072 
QDH/Q22 0.006 0.076 0.007 0.101 0.038 0.759 0.208 0.523 0.299 0.837 0.786 0.253 0.012 

 
 
Most investigated parameters had a p-value > 0.05, indicating 
that the categorization is not significant. Only 36% of the 
investigations had a p-value < 0.05. Of the responses three 
parameters QBE, DCW and QBE/ATL was found to have a p-value 
< 0.05 for more than half of the factors. The qualitative 
parameters, Building code (BC), Mechanical ventilation (MV) 
and  household electricity paid by the property owner (HE-P), 
was most significant and had p-value < 0.05, for more than half 
of the  parameters 
 
An example of the result of an ANOVA is shown for KDH/ATL 
versus BC (building code) is shown in figure 2. It is noticed that 
the MFB built according to building code BC(1900) and 
BC(1940) yields the highest KDH/ATL-values and there are no 
overlap to other building codes except for that of BC(1975). 
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One-way ANOVA: KDH/ATL versus Building code  
 
Source   DF      SS      MS     F      P 
Regel     6  2,3362  0,3894  6,92  0,000 
Error   104  5,8551  0,0563 
Total   110  8,1913 
 
S = 0,2373   R-Sq = 28,52%   R-Sq(adj) = 24,40% 
 
 
                           Individual 95% CIs For Mean Based on 
                           Pooled StDev 
Level   N    Mean   StDev  ----+---------+---------+---------+----- 
1900   20  1,5195  0,2979                       (---*---) 
1940   10  1,5819  0,2818                       (-----*-----) 
1960   10  1,2653  0,2890           (-----*-----) 
1967   44  1,3280  0,1943                (--*--) 
1975    9  1,4146  0,2084                (------*-----) 
1980    8  1,0628  0,2290  (------*-----) 
1989   10  1,1419  0,2011      (-----*-----) 
                           ----+---------+---------+---------+----- 
                             1,00      1,25      1,50      1,75 
 
Pooled StDev = 0,2373 
Figure 2. ANOVA analysis of KDH/ATL versus Building Code 
 
Based on the ANOVA analysis some of the qualitative 
parameter has an explanatory value for the investigated 
measured and simulated  parameters. Unfortunately, the  
parameters were not all normally or approximately normally 
distributed which is a requirement for an ANOVA analysis. In 
data sets with many parameters the risk of multi-collinearity 
arises, i.e. some of the parameters may approximately be linear 
functions of other parameters and in order to establish a model 
that describes the relation between the different parameters a 
multivariate regression has been performed.  
 
 
2 Multivariate analysis 
 
The MVA method Partial least squares to Latent Structures 
(PLS) were used in this work. A PLS can be used to find 
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relationships between two sets of multivariate data. Quantitative 
as well as qualitative parameters can be used. PLS has been 
found useful for dealing with problems to handle e.g. 
dimensionality, cases with many variables and few observations, 
cases with few variables and many observations, correlations, 
missing data, noise and the need to extract information from all 
data simultaneously. A multivariate statistical method has been 
frequently used for investigations in natural science and 
engineering applications see for example [7-9]. 
 
The accuracy of the model can be evaluated by simply using one 
part of the available data set for establishing the model and the 
remaining part for validation. It is evaluated in terms of the R2-
value (goodness of fit), as a measure of the model accuracy, and 
the Q2-value (goodness of prediction). Interpretation of variable 
influence can e.g. be illustrated in terms of VIP and regression 
coefficients. The Variable Influence on Projections, (VIP), 
summarizes the importance of the X-variables, and is thus a 
cumulative measure of the influence of a variable [10]. 
 
 
4. Results and Discussion 
 
The influence from the different building specific parameters on 
the consumption of space heating, cold water and electricity and 
the estimated total heat loss coefficient is of course of great 
interest, since this would yield ideas of what measures should 
and could be taken to reduce the consumption. In order to 
identify such causal relations for the annual use of QDH, QBE and 
DCW, but also for the calculated  parameters Ktot  and T* 
introduced in section 2.1, different PLS-models were developed. 
Available classification data was used as input together with 
monitored annual consumption data. Parameters that got an VIP-
value < 0.7 was omitted from the model. For the case of a 
qualitative parameter, which can consist of two or more 
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alternatives, this means that all alternatives should be < 0.7 to be 
omitted.  
 
Based on the PLS-model, which is a linear multivariate 
regression analysis, the contribution from different parameters 
may be obtained both qualitatively (sign of the coefficient) and 
quantitatively (value of the regression coefficient). For the 
qualitative input parameters (classification parameters for the 
building) the interpretation in terms of their quantitative 
contribution becomes reasonable only when the target parameter 
of the model is normalized in an appropriate way. If for instance 
QDH is the target parameter the qualitative classification 
parameter NW [Y/N] (new windows, yes or no) would give the 
same contribution to QDH in terms of energy (kWh/yr) 
disregarding the size of the building, if no normalization is done.  
 
For the here investigated dataset a better and in some cases a 
much better PLS-model was obtained when a total annual value 
was used as target parameter compared to when the target 
parameter was normalized with the ATL. For the cases when the 
model for the normalized target parameter is not satisfactory the 
discussion is limited to the parameters qualitative contribution.  
 
When conducting the PLS-simulation all used data were centred 
and scaled to unit variance before the analysis, in order to make 
all variables equally important. If no prior scaling was 
performed the influence from model parameters would increase 
with the variance of the parameter. The model coefficients 
displayed in different figures below are the scaled coefficients.  
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4.1 Qualitative estimation of impact from building specific 
parameters  
 
4.1.1 District heating, QDH 
 
First, a PLS-model was developed for the annual consumption 
of heat supplied by district heating, QDH, with classification data 
and QBE and DCW as input parameters. In addition to these 
parameters the outdoor temperature was also used as an input, 
but was not found to be an important model parameter. It may 
be explained from the fact that all MFB in the dataset were 
located in the Stockholm region and therefore experience almost 
the same outdoor temperature. The accuracy of the final PLS 
model for QDH was R2 = 0.895 and Q2 = 0.844 when all 
parameters with an VIP less than 0.7 was omitted. The VIP-
value and corresponding coefficients for the different model 
parameters are shown in figures 3a and 3b. 
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Figure 3a. VIP-values of the PLS-model for QDH. 
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Figure 3b. The model coefficients for QDH. 
 
The important parameters to model QDH is as may be expected 
the parameters that directly or indirectly describes the size of the 
building, i.e. ATL, QBE, DCW and GA. The only parameters of 
the classification parameters that obtained a VIP-value higher 
than 0.7 was the building code (BC) and some of the parameters 
that are connected to the use of household electricity, operation 
of the ventilation and sensor controlled lighting. From figure 3b 
it can be seen that when the household electricity is measured 
collectively, HE-M(C), or partly paid for by the property owner 
to a larger extent than 10%, HE-P(10+), the need of QDH 
decreases. A ventilation rate that is operated based on demand, 
CV(D), yields also a slight reduction in QDH but a sensor 
controlled lighting, SL(Y), increases the demand for QDH. All 
these results are reasonable since an increased use of electricity 
or decreased ventilation would be expected to yield a decrease 
in heating supplied by district heating, QDH.  
 
When using QDH/ATL as a target parameter a much worse model 
was obtained, R2 = 0.334 and Q2 = 0.200, and the interpretation 
of the model becomes thus hazardous. This was not expected 
and one reason behind this could be the use of ATL for 
normalization. For this model, many of the parameters that 
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directly or indirectly are connected to the size of the building 
had a small explanatory value (VIP-value < 0.7), and new 
classification parameters became important. The model 
coefficients are shown in figure 4. 
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Figure 4. The model coefficients for QDH/ATL. 
 
When comparing the parameter contribution to QDH according to 
figure 3b and 4 the sign of the coefficient (increase or decrease) 
are the same with the exceptions for HE-P and HE-M, where the 
sign surprisingly is reversed. Other interesting differences are 
that important classification parameters for the QDH/ATL 
(compared to QDH) the thermal inertia, TI, and the presence of 
ventilation heat recovery, VHR. A high thermal inertia and a 
ventilation system with heat recovery yield a reduction in 
QDH/ATL. For both models, it was found that buildings built 
according to building codes BC(1980) and BC(1989) requires 
less QDH, than older buildings and that the building code of 1967 
is an out-layer in a negative sense. 
 
 
4.1.2. Building electricity, QBE 
 
In figures 5a and 5b the results from the PLS-modelling of the 
supplied building electricity QBE, are shown. The model 
accuracy was R2 = 0.807 and Q2 = 0.722. For the parameter 
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QBE/ATL a fairly equal model as for QBE, was obtained, with R2 
= 0.710 and Q2 = 0.658.   
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Figure 5a. VIP-values of the PLS-model for QBE. 
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Figure 5b. The model coefficients for QBE. 
 
As for previous models the parameters that reflect the size of the 
building are dominant.  Buildings built according to BC(1967) 
yields not only a high QDH but also a high QBE. Whereas the 
oldest building and the building built after the energy crises in 
the early 1970:s seems to have a smaller QBE demand, except 
from the newest MFB:s. An overview of the building heating 
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system did not show any significance for the used QDH but 
yields a decrease in QBE. These basic features are not changed 
when QBE/ATL was modelled, except the fact that the influence 
from the size dependent parameters became much smaller and 
the qualitative building specific parameter MV (mechanical 
ventilation) was not found to be significant (i.e. VIP<0.7). The 
coefficients for this model are shown in the figure 5c.  
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Figure 5c. The model coefficients for QBE/ATL. 
 
 
4.1.3. Cold water, DCW 
 
When modelling DCW all classification data concerning 
improved insulation, thermal inertia and if the household 
electricity is partly paid by the property owner (HE-P) or 
metered collectively or individually (HE-M) was initially 
omitted. In figures 6a and 6b the results from the PLS-modelling 
of DCW are shown. The model accuracy was R2 = 0.890 and Q2 
= 0.855. The accuracy for a companion PLS-model based on 
DCW/ATL was R2 = 0.513 and Q2 = 0.364. 
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        Figure 6a. VIP-values of the PLS-model for DCW. 
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       Figure 6b. The model coefficients for DCW. 
 
As in previous models the dominant parameters reflects in a 
direct or indirect way the size of the MFB and the only 
significant classification data are the building code (BC) and 
type of property owner (OC). Also in this model the building 
code according to BC(1967) excels as most demanding, whereas 
old buildings use less DCW. Based on owner category, the 
public companies seem to have been more efficient in 
introducing measures to reduce DCW. For the model from 
DCW/ATL an almost identical model is obtained with no new 
parameters. The bad model of DCW/ATL also illustrates the 
previously discussed problem with normalizing.  
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4.1.4. Total heat loss coefficient, Ktot 
 
The total heat loss coefficient, Ktot, is a measure of required 
power to maintain a temperature difference of one degree 
between indoor and outdoor temperatures. Thus, it is an 
important  parameter of the building itself. In a previous work 
[6] we performed an analysis based on the energy signature 
approach to estimate Ktot. In that work, the influence from free 
energy as the unknown use of household electricity and 
domestic hot water was analyzed. One conclusion from that 
work was that the slope (KDH) of QDH versus the outdoor 
temperature is a fair approximation of Ktot when using monthly 
district heating consumption data aggregated monthly from 
October-March versus the outdoor temperature. During this 
period the contribution from solar irradiation to the heating of 
the MFB are fairly small in Sweden. 
 
The accuracy for PLS-model of KDH was R2 = 0.912 and Q2 = 
0.882. The results are shown in figures 7a and 7b. 
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Figure 7a. VIP-values of the PLS-model for KDH. 
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Figure 7b. The model coefficients for KDH. 
 
 
As for all other models the size parameters are the dominant and 
of the classification data the building code (BC) is as expected 
decisive. More surprising is the large significance of the 
parameter that describes if a fraction of the household electricity 
is paid by the property owner (HE-P). The reason behind this is 
probably due to the fact that we use KDH which is based on QDH 
which is influenced by HE-P, as discussed in 3.1. If part of the 
household electricity is paid by the property owner, and thus 
resulting in a higher consumption, this would yield a smaller 
value of KDH if the consumption is higher during the coldest 
months. For KDH the general trend is that each new building 
code has resulted in a smaller KDH with a more substantial leap 
in the code of BC(1980), whereas the code BC(1989) seems to 
imply a small setback in that respect. 
 
A companion PLS-model was conducted for KDH/ATL. The 
accuracy for that model was R2 = 0.719 and Q2 = 0.522. The 
parameters contribution was comparable according to the PLS-
model of KDH. Additional new parameters were TI and VHR. A 
high thermal inertia was favourable, together with heat recovery 
of ventilation, for a reduced value of KDH/ATL. In addition to 
those parameters, the parameters that are expected to yield a 
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higher use of electricity yields a smaller KDH in agreement with 
discussed impact from HE-P on KDH. 
 
 
4.1.5. T*, as indicator of the indoor temperature. 
 
The actual indoor temperature for the investigated MFB was not 
known. However, based on the assumption that the ratio of free 
energy and of the energy used for DHW to the total energy 
demand are fairly equal between all MFB, the ratio of QDH/Q22 
referred to as T* would reflect the actual indoor temperature. 
The estimated total energy demand Q22 was calculated from a 
constant indoor temperature of 22 °C with KDH as approximation 
of the actual total heat loss coefficient. Based on these 
approximations, a high value of T* would correspond to a high 
indoor temperature. The model results are presented in figures 
8a and 8b. The accuracy of the PLS-model was R2 = 0.953 and 
Q2 = 0.885. 
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Figure 8a. VIP-values of the PLS-model for T*. 
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Figure 8b. The model coefficients for T*. 
 
In addition to consumption and classification parameters we also 
used TDH,BAL. The parameter TDH,BAL is the extrapolated outdoor 
temperature (monthly data from October-March) for which DH 
becomes zero. The TDH,BAL is in it self a good predictor of the 
indoor temperature [6] which is revealed by its high VIP-value. 
Besides TDH,BAL the results indicates that a higher indoor 
temperature is expected to be found in buildings built after 1967, 
with the exception BC(1975), than in older buildings. Other 
plausible results are that conditions that would indicate a high 
use of household electricity such as if the property holder pays 
for a part of the household electricity and if it is metered 
collectively instead of individually results in an increased indoor 
temperature. For a further discussion see next section. 
 
 
4.2 Quantitative impact from the building specific 
parameters  
 
As previously discussed, there are indications that the use of the 
area to let, ATL, for normalization could be questioned which 
means that the estimated quantitative impacts from the different 
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building specific parameters probably are more reliable in a 
relative comparison than in absolute terms. 
 
The quantitative impact of the building specific parameters 
QBE/ATL and T* are shown in table 4, below. The best PLS-
model in terms of R2 and Q2 was obtained for T*, that by 
definition is normalized. Of the normalized  parameters the best 
model was obtained for QBE/ATL. 
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Table 4. Impact on T* and QBE/ATL form the different 
qualitative building specific parameters 
Building specific 
parameter 

Change in  T* [-] Change in QBE 
[kWh/m2/y] 

ACS(10) 0.005  
ACS(5) 0.023  
ACS(R) 0.000  
BC(1900) 0.000 0.0 
BC(1940) -0.012 4.4 
BC(1960) 0.002 5.7 
BC(1967) 0.029 8.5 
BC(1975) -0.003 -2.3 
BC(1980) 0.041 3.6 
BC(1989) 0.034 7.4 
CV(D) 0.002 -1.5 
CV(Y) 0.000 0.0 
HE-M(C) 0.021 4.3 
HE-M(I) 0.000 0.0 
HE-P(10+) 0.059 24.3 
HE-P(10) 0.050 1.2 
HE-P(N) 0.000 0.0 
HSA(N)  0.0 
HSA(Y)  -12.2 
IA(N) 0.000  
IA(Y) -0.014  
MV(N) 0.000  
MV(R) 0.012  
MV(Y) 0.021  
OC(COOP) 0.000 0.0 
OC(P) -0.001 10.3 
OC(PUB) 0.013 7.0 
SL(P) -0.035 8.6 
SL(N) 0.000 0.0 
SL(Y) -0.010 -1.1 
Average value of 
parameter 

0.941 32.0 

 
For the assumed indicator of the indoor temperature, T* with an 
average value of 0.941, the largest impact is found to be 
connected to if parts of the household electricity is not paid by 
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the tenants but by the property holder. Another important 
classification parameter are the building code where the trend 
indicates that the indoor temperature decreases with the age of 
the building, and where BC(1967) and BC(1975) just before and 
after the first oil-crises deviates from that trend. Of the obtained 
results, the most difficult to understand is that a partially 
implemented sensor control of lighting, SL(P), would result in a 
lower T* compared to no or fully implemented sensor controlled 
lighting. But, in view of the results for QBE where SL(P) also 
indicates an increased use of electricity, the results are coherent 
but the question arises if something unknown in hidden behind 
the classification parameter SL(P). 
 
For QBE (electricity paid by the property owner, mainly for the 
buildings technical system) the most efficient measures to 
reduce consumption is to perform a review of the heating system 
and to let the tenants pay for their use of electricity. There are 
also differences between building codes and the use of 
ventilation and lighting on demand also reduces QBE. An impact 
from the owner category is also noticeable, where MFB which 
are owned by housing co-operatives OC(COOP) uses less 
QBE/ATL than MFB:s owned by private or public owned 
companies.  
 
In an earlier investigation by Haas [11], conducted on building 
performance data from refurbished homes in Austria, a rebound 
effect of 15-30% was noticed. These findings are partially 
supported by the analysis in this work, since buildings built 
according to the latest building codes (with improved insulation) 
have a higher value of T*. However, for the available 
refurbishment classification parameters, e.g. new windows 
(NW), insulated attic (IA) and walls (IW) the number of 
buildings, for which any of these actions were taken very few. 
Additionally, we had no information of to what extent these 
measures have been performed. But, of the mentioned 
parameters the only significant was IA, which indicated that 
IA(Y) lowered T*, i.e. no rebound effect. The parameter NW 
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had a VIP-factor smaller than 0.7 and was thus rejected, but if 
included, NW(Y) yields a predicted increase in T*, i.e. a 
rebound effect 
 
 
5. Concluding Remarks 
 
The use of an appropriate normalization for different energy 
performance measures is important when benchmarking. The 
here presented investigation of 112 MFB indicates that the, in 
the real estate managing, well used area to let (ATL) as 
normaliser may be questionable. This problem has also recently 
been identified by The Swedish National Housing Board 
(Boverket) which has started a process to introduce a new area 
concept based on floor area where the indoor temperature is kept 
over 10˚C. But besides using the appropriate normalization 
area/factor (which differs for different  parameters) the 
complexity of the system “building-users” makes the use of 
specific consumption data, such as supplied energy to the 
heating hazardous for benchmarking purposes. Important 
information that is lacking in the investigated database is besides 
geometrical information of the building (such as total floor area 
and envelope area) the indoor temperature. With access to the 
indoor temperature a much more correct evaluation of the 
prerequisite that is given by the building it self may be obtained 
but especially to evaluate the impact from the users. 
 
In order to identify the impact from different classification 
parameters both an ANOVA and multivariate analysis was 
performed. Most of the parameters, which were identified by a 
one-way ANOVA analysis, were also identified by the MVA 
analysis. The advantage with a MVA is mainly that any 
multicollinearity between the used parameters is taken into 
consideration. This is also of great importance when modelling 
in order to obtain quantitative estimates of the impact.  
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