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Executive summary 

In 2006, the Energy Performance Certificates (EPC) were implemented in the Swedish national 

building code. At the same time, the energy use demands in the building code (BBR) were 

transformed to be only performance based, i.e. a demand only on the maximum energy use. The 

country is divided in four climate zones, with the highest allowed energy use in the north and the 

lowest in the south. The EPCs are based solely on the measured energy use in the building. The 

regulation requires that the measured energy use is corrected to normal use during a reference 

year. However, there is no standardised methodology to account for normal use in the EPC and this 

is therefore seldom done. This study is focused on investigating the cause of differences between 

the calculated and measured energy use in buildings, in order to detect compliance problems with 

measured EPCs. Based on interviews, analysis of two databases with EPCs in single-family houses 

and multi-family buildings, complemented with energy use calculations, potential general 

procedures and parameters that cause these differences are identified and investigated. Suggestions 

on improvements to the Swedish EPC scheme are also presented. 

For new buildings, the regulation requires that the energy use is calculated and presented for the 

municipality in the building permit application. This calculation is most often based on early design 

drawings where limited knowledge is available on the technical properties of the building. Previous 

studies have shown that the variations on energy use caused by the occupants’ behaviour is often 

underestimated in energy use calculations. In single-family houses, differences in the occupants’ 

behaviour can account for up to 50% of the building’s energy use. In low energy houses the variation 

of the occupants’ behaviour has a larger relative impact on the energy use than for buildings with 

higher energy use. 

To rule out the possibility of failures in the construction and operation of buildings, the building 

process needs to be followed by measurements at regular intervals of e.g. airtightness. However, 

these measures are not enough to guarantee an energy use in line with calculations. Not only the 

occupants’ behaviour, construction and operation influence the measured energy use. It is also 

influenced by the location and number of energy use meters for heating, domestic hot water and 

facility electricity. For example, a previous study showed that unexpected heat losses in culverts in 

the heating distribution system increased the energy use in a multi-family building by 12.6%. Similar 

results were also described in the interviews. 

Two energy and climate advisors and two energy experts were interviewed in this study. They are 

involved in different stages of the design of buildings and follow-up of energy use in buildings. 

According to Boverket, around 90-95% of all the buildings sold in Sweden have a valid EPC. The 

regulation also requires that all new buildings have an EPC two years after commissioning. There are 

no national studies performed on this topic in Sweden to the knowledge of the authors. The 

municipalities cannot legally force a home owner to supply them with an EPC and there are no 

sanctions if the regulation is not fulfilled. The home owner is often reluctant to pay the fee for an 

EPC and instead waits until the house is put on sale on the market. In this study, 100 single-family 

houses were expected to have a valid EPC since 2 years passed after commissioning. However, the 

number of EPCs was 44 which means 44% compliance with the current regulation. This is 

problematic since the energy experts do not get the feedback needed to improve calculation 

procedures and input data. In larger construction projects, an energy coordinator is often appointed 

to follow up changes in the design and their influence on the energy use. For single-family houses 

this is rarely done. There is no formal certification or knowledge needed to submit an energy use 

calculation for a building permit application. However, there are guidelines and standardised input 

data available for energy use calculations. Even though the calculated energy use corresponds well 

with the energy use reported in the EPC, the calculation can be wrong, caused by erroneous 

allocation of the energy supply and energy demand, making comparisons unfeasible. Wrong data on 

e.g. efficiency of ventilation heat exchangers, thermal bridges and losses from circulating hot water 

circuits could rule out e.g. the influence by occupant’s behaviour. 

Analysis of a database containing the calculated energy use for 313 single-family houses built since 

2009 in the municipality of Lerum revealed that there was no tendency for calculations targeting 
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the maximum allowed energy use. The most common heating system was an air to air heat pump 

followed by ground source heat pump. For 80 houses in the database, information on the heated 

floor area was available. This data showed that the energy use per square meter was lower for 

larger buildings. The floor area also influences the difference between the calculated and measured 

energy use which is higher in percentage for smaller buildings. The information on energy use, floor 

area, household electricity and hot water use in the calculation and EPC report were compared for 

six of the buildings in the database. The analysis showed that there are large deviations on which 

data is used and how it is obtained for the different buildings. For instance, non-compliant heated 

floor area was reported where the garage erroneously was included in the EPC report. For one of 

the houses, detailed numerical analysis were performed where 54 occupant scenarios were studied. 

The energy use varied between 39 kWh/m2 to 73 kWh/m2 compared to 26.6 kWh/m2 in the 

calculation report and 39 kWh/m2 in the EPC. This illustrates the importance of a methodology for 

correcting the energy use to normal use. 

The dispersion in energy use in buildings with different heating systems was analysed using a 

database of 1,753 EPCs for buildings in the metropolitan Gothenburg area. Both single-family houses 

and multi-family buildings were analysed. The energy use is influenced to a larger extent by the 

choice of heating system than by the choice of ventilation system. As discussed above, it is 

important to use the correct heated floor area and attribute the energy use to its correct demand 

and supply in the calculations. In many cases, the heated floor area was transformed from other 

sources than direct measurements in the building. The heated floor area was obtained by direct 

measurements in 63% of the multi-family buildings and in 100% of the single-family houses. The 

domestic hot water and facility electricity was allocated based on experience, and not 

measurements, for a majority of the buildings. 

The main conclusions of this study are that: 

 Energy use by occupant’s behaviour explain a large part of the difference between calculated 

and measured energy use. 

 Normal use is not standardised and therefore not accounted for in the EPC. 

 Few buildings have energy meters that separate energy use for heating from energy use which 

should not be included in the EPC, e.g. household electricity. 

 Bad compliance of the number of EPCs reported for new buildings 2 years after commissioning is 

caused by lack of follow-up actions. 

To improve the EPC scheme and quality of energy use calculation, further work is needed in the 

area of standardising input data, calculation procedures and reporting of EPC. 
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I. Introduction 

The Energy Performance of Buildings Directive (EPBD) adopted by the European Union in 2010, 

states that energy efficiency measures in buildings have to be aimed at reaching new and 

retrofitted “nearly zero-energy buildings” (NZEB) by the end of 2020. All new public buildings 

should by the end of 2018 be designed as NZEB. To control that the existing and new buildings 

perform as expected, every Member State (MS) should implement Energy Performance Certificates 

(EPC) in their legislation. These certificates should be issued for every building which is 

constructed, sold or rented out to a new tenant [1]. In Sweden the National Board of Housing, 

Building and Planning (Boverket) is responsible for implementing the action. 

The first Swedish building code was implemented in 1946 [2] and the first energy use requirements 

were introduced in 1975 after the oil crisis in 1973-1974. The requirements were specified with 

maximum U-values and demands on the airtightness for different building parts. The codes were 

developed during the following years, tightening the demands on the energy use. The codes have 

the same requirements for new developments and retrofitted buildings, and since 2006 the code 

(BBR) is based on a performance criteria which is a maximum level on the energy use of the building 

and the average thermal transmittance (U-value) of the building envelope. There are two types of 

buildings defined in the code where dwellings are divided in single-family houses and multi-family 

buildings (from 1 March 2016), and non-residential buildings comprise all other buildings which are 

not dwellings. The country is divided in four climate zones which all have different requirements 

with the lowest allowed energy use in the south and the highest in the north. The requirements are 

also different for buildings heated by electricity (>10 W/m2) and for all other heating sources [3]. 

The system boundary for which the final energy use is accounted for is presented in Figure 1. 

 
Figure 1: System boundary for the energy use of buildings in Sweden [4]. 

  

B
u
ild
in
g
’s

e
n
e
rg

y
u
s
e

Facility electricity

Fuel/elec./heat/cooling Heating/cooling

Domestic

hot water

Internal

heat 

gains

Heat 

recovery

Losses1

1Transmission losses, air leakage, ventilation losses and such



6 Sweden - Differences between Measured and Calculated Energy Use in EPCs versus Building Permits 

The final energy use is calculated as: 

𝐸𝑏𝑒𝑢 = 𝐸ℎ𝑒𝑎𝑡 + 𝐸𝑐𝑜𝑜𝑙 + 𝐸𝑑ℎ𝑤 + 𝐸𝑓  (kWh) (1) 

where 𝐸𝑏𝑒𝑢 is the energy which, in normal use during a reference year, needs to be supplied to a 

building (often referred to as purchased energy), 𝐸ℎ𝑒𝑎𝑡 is the energy use for heating, 𝐸𝑐𝑜𝑜𝑙 is the 

energy use for comfort cooling, 𝐸𝑑ℎ𝑤 is the energy use for domestic hot water, and 𝐸𝑓 is the 

building's facility electricity. This is the part of the electrical energy used for building services 

necessary for the use of the building, where the unit is in, under or affixed to the exterior of the 

building. 

The scheme of EPCs came into force in October 2006 in Sweden. The first energy experts were 

certified in the summer of 2007 and the first EPC was registered in September 2007. Up till May, 

2015, there are 556,000 EPCs registered in the national database. Contrary to most countries in the 

EU, the Swedish EPCs are based on measurements of the actual energy use in the building. The 

measured energy use is corrected for the climate variability by using a reference year, e.g. 30 year 

average. The energy use should also be corrected for normal use. The more common procedure in 

other EU countries is to calculate (i.e. not measure) the energy use for the buildings which are 

affected by the scheme. This is also possible in Sweden if the measured energy use is unavailable 

[5]. An EPC is valid for 10 years. 

Sveby (Standardise and verify the energy performance in buildings) is a voluntary national program 

involving major actors in the Swedish building sector in order to comply with the new energy 

performance requirements in buildings (EPBD). The objective of Sveby is to provide standardised 

input data for energy calculations and recommendations regarding verification of (compliance with) 

the required energy performance of buildings, thus providing a necessary complement to the more 

general recommendations in BBR. Some categories of what is normal use are listed by Sveby [6] as 

standardised occupancy profiles: 

 airing and ventilation; 

 solar control strategies (curtains, awning); 

 household electricity; 

 domestic hot water use. 

The indoor temperature should be 21°C for all buildings, except for homes for elderly where 22°C 

should be used. The temperature used in the calculation can be corrected for deviations found by 

measuring the temperature in the finished building, as long as the difference is not caused by 

operational or other errors. Normally, variations in the indoor temperature over the day are not 

considered. The same applies for the effect by individual measurements of the heating energy in 

each dwelling, because the effect by these are uncertain [6]. 

An investigation by Fremling [7] on the energy use in multi-family buildings showed that none of the 

standardised input data from Sveby for hot water use matches the measured data in the buildings. 

To be able to track where the energy is used, individual metering should be installed in new 

constructions. A parameter which is specifically difficult to forecast is the energy use caused by 

airing. The parameter which causes people to open their windows differs in the calculation models 

and should be further investigated. Since small open gaps (when airing) can lead to large energy 

losses, small gaps should be avoided as far as possible so that there is no constant draft causing high 

energy losses. 

There are two methods for correcting the measured energy use to the reference year. The first 

method is called the degree day method and is based on a summation of the differences between 

the average daily temperature and +17°C at the location for each month. A correction factor is 

calculated by the quotient of the degree days for each month in the heating season during the 

measured year compared to that month in the reference year. The energy use for space heating is 

divided by this correction factor. Then the energy use for domestic hot water is added to get the 

total energy use. This method is not used in the EPCs but here a method called the energy index 

method is used instead. This method is based on the equivalent degree days for the location. This is 
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calculated by a summation of the temperature difference between the daily average equivalent 

temperature and the indoor temperature 21°C. This is divided by the number of hours during the 

day and night when space heating is required. The energy index is then calculated by dividing the 

number of equivalent degree days with the number of equivalent degree days during the reference 

year. The energy use for space heating is multiplied with the energy index and then the energy use 

for domestic hot water is added to calculate the total energy use. 

The EPCs, based on the measured energy use, have to be issued within two years after 

commissioning of a building when the building permit application was filed after 1 January 2009. 

The energy use should be measured during a period of 12 consecutive months. The compliance of 

EPCs was supposed to be checked regularly by the municipalities up until 8 July 2012. At that time, 

the law was changed and Boverket was made responsible for follow-up actions. According to 

Concerted Action EPBD [8] 90-95% of the buildings sold in Sweden at the end of 2012 were certified. 

However, at the same time 35% of the rental buildings were lacking a valid EPC. This was required 

since 1 January 2009.  

Boverket [9] studied how buildings from between 2007 and 2012 complied with the energy 

regulations at the time of construction. The study was based on EPCs from 20,000 buildings with 

measured energy use. The non-compliance was 34% and 17% of the multi-family buildings built in 

2012 with electrical heating and other heating sources, respectively. The worst compliance was 

found for the multi-family buildings built in 2007, where 70% and 64% of the buildings with electrical 

heating and other heating sources did not comply. For single-family houses built in 2011, non-

compliance was found in 49% of the houses with other heating sources while in 2007, it was 76% and 

63% for the houses with electrical heating and other heating sources, respectively. There are 

several studies on the causes for these deviations. Eliasson and Lindström [10] investigated the 

energy performance of newly built multi-family buildings. Differences between calculated and 

measured energy use were identified. The study showed that the energy use for heating can be 

more than twice the estimates. Most deviations in the calculated values were derived to inaccurate 

design values and inapt calculation methods. 

The causes for the difference between calculated and measured energy use was also discussed by 

Filipsson and Dalenbäck [11]. By investigating two buildings with homes for disabled, one building 

with homes for elderly and one kindergarten in Gothenburg, they identified a number of different 

parameters and steps in the design process that could lead to errors. Normally, the energy use 

calculations end up in an energy use somewhat lower than the requirements. This safety margin is 

in some cases based on the percentage of the energy use. For low energy buildings, the difference 

between the calculated and measured energy use is often larger in percentage since the absolute 

energy use is lower than in other buildings. However, Filipsson and Dalenbäck [11] showed that this 

alone cannot cause the higher relative difference in calculated and measured energy use for low 

energy buildings. One cause for higher measured energy use is bad balancing of the heating system 

which could lead to more airing. Another cause is that the recommendation by Boverket to add 20% 

to the average thermal transmittance for thermal bridges probably is an underestimation for these 

highly insulated building envelopes. Furthermore, the present recommendations by Sveby [6] to 

account for horizontal solar shading might overestimate the surplus from solar radiation since the 

heating in low energy buildings is more concentrated to winter time, when the sun is low on the 

horizon, compared to the heating period in other buildings. Finally, in projects with many partners 

involved there are more mistakes in the calculations and therefore an iterative process would be 

preferable to catch last minute changes in the project.  

The difference between calculated and actual energy use in low energy buildings was also studied 

by Kurkinen et al. [12]. They investigated the design and construction process for 21 multi-family 

buildings which showed that half of the investigated buildings had a higher energy use than 

calculated; it was between 3 and 28% higher than the calculated energy use. Even in the buildings 

where different control measures, such as airtightness measurements, were made to guarantee a 

low energy use, the measured energy use was higher than calculated in 43% of these buildings. 

However, the number of buildings studied was too low to make certain and generally valid 

arguments on how to improve the design and construction process. 
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As a complementary study, Kurkinen et al. [12] also calculated the dispersion of the energy use in 

four multi-family buildings and two single-family houses with different shapes and ventilation 

systems. The multi-family buildings consisted of two point blocks and two slab blocks with either 

extract air ventilation or extract air ventilation with heat recovery. Based on variations in the 

parameters outdoor and indoor temperature, thermal inertia, air leakages, unbalanced ventilation 

system, heat losses in ventilation ducts, defrosting of the heat recovery unit, thermal bridges and 

internal heat gains, calculations were performed using the commercial software BV2 [13]. The 

conclusion of the study was that a difference of 10% between measured and calculated energy use 

could be acceptable and that the selections of the outdoor and indoor temperature are the most 

important parameters. 

Majcen et al. [14] reported that buildings in The Netherlands generally had a much lower measured 

energy use when comparing it with the one presented in the EPC (based on calculations). Low 

energy buildings, on the other hand, consumed more energy than expected. The study was based on 

EPCs for 200,000 buildings which was compared to the gas consumption. The reason for the 

difference was believed to be that much is still unknown in the field of statistically valid and 

standardised dwelling use. The relationship between energy use, dwelling use, dwelling type and 

occupant characteristics does not always correspond to reality. Majcen et al. [14] finally argues that 

EPCs based on measured energy use (such as in Sweden) would not provide more accurate results 

than calculations, since the measurements are based on the former occupant of the dwelling. 

In addition to occupant behaviour, the measured EPC is also affected by the location of the energy 

meter. Losses in the distribution of heat in a property with several buildings can be substantial if 

the culvert is placed outside of the building envelope but still included in the energy measurement. 

In energy use calculations this heat loss is often omitted which could explain parts of the difference 

between measured and calculated energy use for buildings heated with district heating. Bergqvist 

[15] studied a building constructed in 2008 located in Huddinge, south of Stockholm. It is heated by 

district heating, and a supply and exhaust air handling unit with heat recovery is installed. In the 

EPC, the reported energy use is 118 kWh/m2. A detailed investigation of the building showed that 

this energy use is higher than expected by normal use. Three reasons were identified. A lower 

efficiency (50%) of the heat exchanger in the air handling unit and 50% higher hot water 

consumption than expected. Furthermore, there were also large heat losses from a heating culvert 

outside of the building envelope with a total length of approximately 800 meter. The measured 

energy use of the building was 82 kWh/m2 when these abnormalities were accounted for. Of the 

additional heat losses, the culvert accounted for 10.3 kWh/m2, which increased the energy use with 

12.6% if it was not corrected. 

I.1 Overview of the study 
The objective of this study is to investigate the compliance between the required energy 

calculations for the building permits and the reported energy use in the EPCs. More specifically, the 

objective is to determine potential general procedures and parameters that cause deviations 

between the forecasted and measured energy use. A second objective is to improve the compliance 

of measured EPCs by identifying error sources and error magnitudes and suggest means to improve 

the quality of EPC data. 

The calculated energy use, which is mandatory when applying for a building permit, is controlled 

and compared with the actual measured energy use for the building in use, documented in the EPC. 

This gives an indication on how widespread the problems regarding erroneous building permit 

energy use calculations are in Sweden. Since information is available both on measured and 

calculated values for some parameters, this also supports the improvement of EPCs based on 

calculations. 

The work in this study was supported by the Intelligent Energy Europe project ‘Towards improved 

compliance and quality of the works for better performing buildings (QUALICHECK)’. Most of the 

work was performed by Pär Johansson, Paula Wahlgren and Jan-Olof Dalenbäck at Chalmers 

University of Technology. The contribution to this work from Peter Rosengren and Erik Elgered 



QUALICHeCK   9 

(energy and climate advisors at Lerum municipality), Linnéa Lindh and Caroline Brovall (BSc 

students Chalmers), Paul-Clément Rivière (internship Chalmers), Magnus Österbring (PhD student 

Chalmers), Jasenka Hot (WSP Environmental), and Christer Rosfjord (Boverket) are greatly 

acknowledged. 

II. Methods 

This study is based on two databases of energy use in buildings and is supported by interviews with 

two energy experts and two energy and climate advisors. The first database comprises calculated 

and measured energy use for 44 single-family houses from 2011 onwards. A numerical simulation 

study of the energy use in one single-family house is performed to explain some of the differences 

found in the database of calculated and measured energy use. The second database is a collection 

of 1,753 EPCs divided into 1,028 multi-family buildings and 725 single-family houses from 2006 

onwards in the metropolitan Gothenburg area (south west of Sweden). The databases were selected 

based on quality of the data and access to the database. The databases contain some personal 

information on the home owners and are therefore not made available to third parties. 

II.1 Interviews with energy experts and energy and climate advisors 

The aim of the interviews is to identify error sources and why these errors occur, to propose an 

improved quality assurance procedure. The aim is also to investigate compliance issues with the 

Energy Performance Certificates (EPCs) for buildings. The interviewees were selected based on their 

experience on working in the area of performing energy use calculations, EPCs and providing 

guidelines to home owners and companies. 

Two energy and climate advisors were interviewed face to face on 12 May 2015 by the BSc students 

Linnéa Lindh and Caroline Brovall within their BSc Degree project. The energy and climate advisors 

have been working at the municipality of Lerum for 6 and 2 years, respectively. They are working in 

the building permit division in the department of urban planning at the municipality. Their main 

tasks are to provide guidance regarding heating, energy costs, energy efficiency, transport and 

climate, and applying for public funds in the energy area and other related topics. Around 66% of 

their advices concern solar panels and photovoltaic systems. This service is free of charge for the 

public, for small and medium enterprises and organisations. 

Jasenka Hot has been working as an energy consultant at WSP Environmental since 2004 and is since 

2011 team manager for the energy experts in the Energy Systems group at WSP Environmental in 

Stockholm. Jasenka was interviewed through Skype on 16 January 2015 by the Chalmers researchers 

Pär Johansson, Paula Wahlgren and Jan-Olof Dalenbäck. Jasenka has experience of energy 

calculations in different stages of complex building projects. In 1992 she obtained an MSc in 

Mechanical Engineering from the Technical University of Sarajevo and since 2011 she is a PHI 

certified passive house expert. She is engaged in knowledge sharing, giving lectures for clients and 

in the development of HVAC and other components for low energy buildings, passive houses and plus 

energy buildings. She has also been involved in the development of a concept for low energy 

buildings with passive house standards for 5 years. 

A second interview was done with an energy expert face to face on 13 May 2015 by the BSc 

students. The energy expert has 5 years’ experience from calculating energy use in new multi-

family buildings. The interviewee’s main task today is to investigate the energy use in larger 

building stocks in a research project. Instead of calculating for only one building, districts and up to 

city scale are calculated. The methodology is the same for energy calculations for only one building 

and for energy use at district level. This means that systematic errors and wrong assumptions in the 

energy use calculations and EPCs have to be investigated. 

II.2 Database with calculated and measured energy use 

The vision of the municipality of Lerum is to become Sweden’s best performing municipality 

concerning the environment in 2025. One of the main parts of this work is to stimulate buildings 

with less energy use. To encourage construction of new buildings with low energy use, the 
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politicians in 2010 decided to introduce a reduction in the fees for urban planning and building 

permits for low energy buildings in 2011. The municipality has a lower maximum demand on energy 

use than what is defined in the national building code (BBR). The urban planning fee is reduced by 

half if the energy use is 25% under BBR. For an energy use 40% under BBR the urban planning and 

the building permit fees are reduced by half. For 50% under BBR the urban planning fee is 0 and the 

building permit fee is reduced by 50%. From 2013, there are also possibilities to get money from the 

municipality when heat and electricity are produced at the building, or when building materials 

with low environmental impact are used. 

The decision to get reduced fees is based only on the calculated energy use presented in the 

building permit application. However, the follow-up of the energy use from the calculation can be 

done either by an EPC, or by submitting own readings of the energy use to the energy and climate 

advisors. These are gathered in a database which comprises of 313 single-family houses from 2009 

onwards. These are analysed and compared to the calculated energy use in the building permit. The 

building permits comprise of required calculated energy use, year of construction, building type, 

building size, heated area, number of dwellings, and type of heating and ventilation system. These 

are compared to the information in the EPC in the cases where these are available. 

The main question in this part of the study is, whether there are procedures or systematic errors in 

the calculation of the energy use. These could be due to lacking quality assurance or low quality of 

input data. A hypothesis is also that the energy use calculations for the buildings are close to the 

maximum allowed energy use since there is a strong economic incentive to reach a low calculated 

energy use and reduced fees. The errors that could occur in the interpretation and representation 

of the measured energy use are also investigated. The resulting analysis will show to which extent 

the calculated energy use agrees with the measured energy use when the building is in operation. It 

has previously been observed that this agreement is different for houses with a different heating 

and ventilation system. Therefore, an investigation of the correlation between these choices and 

the difference between calculated and measured energy use is performed. The floor area of the 

building could also influence the difference between calculated and measured energy use since 

occupants’ behaviour would have less influence in a larger building than in a smaller building with 

identical occupants. Detailed investigation of 6 single-family houses is performed. 

II.3 Calculation of energy use in a single family house 

To explain some of the differences between the calculated and measured energy use, one single- 

family house in Lerum is selected for detailed investigations. The commercial numerical program 

IDA Indoor Energy and climate 4.5.1 (IDA ICE) [16] is used for this study. The simulations are 

performed by changing one parameter at a time to study the effect on each changed parameter on 

the energy use. Based on the available information from the literature, a number of scenarios are 

defined. In this study, three levels of cases are investigated which are divided on occupants’ 

behaviour, building characteristics, climate data and a mix of the worst of the first two set of cases. 

II.4 Database of energy performance certificates 

For further analysis, a database comprising 1,753 EPCs is used to study the dispersion in energy use 

for buildings with different heating and ventilation systems. The database is divided into 1,028 

multi-family buildings and 725 single-family houses from 2006 onwards in the metropolitan 

Gothenburg area (south west of Sweden). The dispersion in energy use is studied to get an 

indication on the significance of the choice of heating and ventilation system on the energy use. 

Statistical analysis is performed on the data for buildings with a heating and ventilation systems 

with a share larger than 5% of the database. This shows how each system influences the dispersion 

in energy use. Since all buildings are located in the same climate zone with the same demands on 

the maximum energy use, large dispersion is not expected. This information can then be used to 

propose methods and procedures to improve the energy use calculation, design and construction of 

buildings with different heating and ventilation systems. Large dispersions reveals a need for more 

knowledge and higher quality input data for energy use calculations. 
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III. Results 

III.1 Interviews with energy and climate advisors and energy experts  

The interviews provide knowledge and experience from practice on how energy calculations for 

building permits and EPCs are performed. They also suggest procedures and methodologies on how 

the compliance of calculations and EPCs could be improved. Two energy and climate advisors and 

two energy experts were interviewed. 

III.2 Energy and climate advisors at the municipality of Lerum 

The energy advisors give advices to house owners on energy efficiency measures which lead to less 

energy use in existing and new buildings. The follow-up of the energy use from the calculation 

presented in the building permit application can be done either by an EPC or by submitting own 

readings of the energy use to the energy advisors. The accuracy of the home owners own energy 

readings are less accurate than the EPCs. However, the municipality argues that it is better to get 

some figures on the energy use than nothing. Out of the 52 energy measurements in their database, 

only 44 are EPCs. The problem is that the municipality cannot legally require an EPC from the owner 

and the owner is often reluctant to pay the fee (300-500€) for the EPC. The quality of the figures 

differs very much between the EPCs and the reported own readings of the energy use. If no energy 

use is reported to the energy advisors and no EPC is issued within two years after commissioning, 

the municipality sends a reminder to the house owner to report the energy use. If there is still no 

energy use reported nothing happens. 

III.3 Energy expert at WSP Environmental Stockholm 

Norra Djurgårdsstaden in Stockholm is a brownfield land development project scheduled for 

completion in 2025. The project comprises of 12,000 dwellings and 35,000 work places. The first 

700 apartments were finished in 2012. The interviewee Jasenka Hot is currently involved in follow-

up of energy use calculations in this new large scale development. She is responsible for quality 

control of the calculations and for giving a second opinion for the Office for Development 

Administration, City of Stockholm. 

Based on her experience, the best results of the calculations in the different design stages is when 

the same person is responsible for the energy calculations throughout the design process. Then it is 

easier to follow up and implement changes in the design also in the calculations. The process starts 

with very coarse guesses on energy use based on the first layout program. The calculations are more 

detailed in the building program phase and in the best case they are improved and updated with the 

correct input data in the systems planning phase. In her opinion, the energy use calculations would 

be of even higher quality if a fourth calculation is performed after commissioning of the building, 

based on the detailed design drawings for the finished building. 

In larger construction projects, an energy coordinator is appointed and responsible for following 

standards and procedures. However, for smaller projects, guidelines for energy use calculations are 

missing or unclear, see Table 1. Another problem is that anyone is allowed to perform the 

calculations since no formal certification is needed. The procedures could be more detailed in the 

guidelines from the standardisation organisation Sveby [6] which aims to standardise the input data 

for energy use calculations based on investigations and measurements. In this case, the same 

mistakes are made in all projects. This would make quality assurance more straight forward. A 

standardised calculation software would also be a good means to standardise the procedure. This 

software should be updated with short intervals, a so-called living software. 
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Table 1: Summary of common mistakes and questionable procedures in calculations and measurements of 

energy use. 
C
a
lc

u
la

ti
o
n
s 

L
o
ss

e
s 

in
 s

y
st

e
m

 a
re

 

n
o
t 

ta
k
e
n
 i
n
to

 

a
c
c
o
u
n
t 

c
o
rr

e
c
tl

y
 

No safety coefficient for poor commissioning 

Domestic hot water (DHW) circulation only heat gain during heating 

season 

DHW circulation in unheated spaces, still calculated as a heat gain 

Heat losses in culverts and ducts are incorrectly treated 

Indoor temperature often too low in calculation compared to reality 
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Wrong U-value of windows 

Efficiency of heat exchanger in air handling unit based on yearly 

performance  

Facility electricity underestimated* (could be 10 kWh/m2) 

Energy use for DHW 25 kWh/m2 whereof 70% can be calculated as heat 

gain* 

Household electricity 30 kWh/m2 whereof 70% can be calculated as heat 

gain* 

Airing 4 kWh/m2* (should be weighted somehow to heating system) 

Heating gains from solar radiation* (could be 5 kWh/m2) 
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Facility electricity too high 

Indoor temperature too high 
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Seldom measure heating energy and DHW separately 

Floor heating/DHW allocated based on heated area and statistics 

Wrong heating energy use to be normalized by year 

Washing machines on DHW, not taken into account 

Energy losses in heating distribution system not evaluated 

Air tightness not as calculated 

Thermal bridges worse than in design process  

*The general value recommended by Sveby [6] is often too low/high 

III.4 Energy expert at a major construction company 

The interviewee works at a major construction company in Sweden with energy use calculations and 

follow-up actions in problematic buildings. Normally the calculations are performed using a 

commercial software with multi-zone modelling capability. Input data is generally based on the data 

in Sveby [6]. Nowadays, the most common procedure is to use hourly dynamic calculations 

compared to the previously common degree day method which was less accurate for energy use 

calculations. This means that the temperatures are not given as fixed values but calculated based 

on the heat supply from the heating system in the model. 
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According to the interviewee’s experience, the persons involved in making the energy use 

calculation for single-family houses are not as experienced and serious as for other more complex 

buildings. Since anyone can calculate the energy use for buildings, there will be differences in how 

thorough the calculations are done. Sometimes, not all parameters are included in the calculation 

which makes the calculation differ from the reported energy use. There are also differences in how 

the calculated energy use is reported in the end. In some cases, the energy use is given as a fixed 

value and, in some cases, it is given as the average heating power over a time period. 

The energy use calculation can never be of higher quality than the input data. If the reporting of 

the results of the energy use calculations would be more standardised, the quality could be 

improved. However, the procedure is already quite standardised since most energy experts are 

using the same input data. There are already some municipalities that demand standardised energy 

use reports and standardised input data reports to get standardised calculations.  

It is difficult to get smaller difference between the calculations and reported energy use since the 

occupant’s behaviour influences the energy greatly. For instance, the interviewee mentions one 

case with six identical single-family houses where the measured energy use differed by 25% from 

the one with lowest to the highest energy use. This is the most difficult part, how to take the 

occupant’s behaviour into account in the calculations. 

Even though the end result of the energy use seems correct, the different parts of the energy use 

could be wrong. This was also shown in the numerical study presented in Figure 7. It is therefore 

important to control, not only the final result but, also the different heat gains and losses, since the 

end result can look correct but there are still errors in the calculation. This is very problematic 

when different measures to reduce the energy use are investigated. For example, the values given 

by the producers on the efficiency of air to air heat exchangers, heat pumps and similar appliances 

are often too high. Another example is the losses from circulating domestic hot water in large 

buildings. For these buildings, the regulation for the maximum time before hot water reaches the 

faucet was changed in 2006. This has led to higher energy losses than what is assumed in the energy 

use calculations. 

Another feature that could be added to the calculation procedure is to have a set of variable input 

data, or input data with a range of values for each parameter. This would add an uncertainty 

analysis to the results, instead of giving a deterministic value on the energy use. The reality is that, 

every input data is a guess and every guess will be wrong in the end. Therefore, probability 

distribution functions for the input data could be a good idea instead of fixed values.  

III.5 Database with calculated and measured energy use 

The follow-up of the calculated energy use supplied with the building permit should be done within 

24 months after commissioning. However, this is rarely the case in reality. The municipality of 

Lerum is one of few municipalities in Sweden (to the knowledge of the authors) that keeps an 

updated database of calculated and measured energy use. The municipality of Lerum is situated in 

the south west of Sweden, 20 km outside Gothenburg, see Figure 2. It has 40,000 inhabitants and is 

part of the metropolitan Gothenburg area with 973,000 inhabitants. The municipality is mainly rural 

where Lerum, with 17,000 inhabitants, is the major town. The database comprises of data for 313 

single-family houses from 2009 onwards, with information on the calculated energy use, year of 

construction, building type, building size, heated area, number of dwellings, type of heating and 

ventilation systems and the EPC data in the cases where these are available. Out of the 313 single-

family houses in the database, 52 have information on the measured energy use. The information 

comes in 44 cases from EPCs, and in 8 cases by own energy readings by the home owner. The 44 

EPCs have been analysed and compared to the calculated energy use in the building permit. 
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Figure 2: Climate zones in Sweden for energy use calculations from March 1, 2016, and location of Lerum 

municipality and the cities Gothenburg, Örebro and Stockholm. 

The municipality of Lerum is located between two climate zones, on the border between zone III 

and IV. The average annual temperature is lower in Lerum than in Gothenburg, but higher than in 

Örebro, see Table 2. Since there is no standardised climate file for Lerum often the closest 

available city is used instead, which means climate data for Gothenburg, even though it is not in the 

same climate zone, or Örebro could be used. This information is important and can partly explain 

why there is a deviation between the calculated and measured energy use. For the single-family 

house simulated in the next section, a climate with average outdoor temperature of 6.3°C was used 

in the energy use calculation while the average outdoor temperature is 7.7°C in Lerum. This 1.4°C 

difference increases the energy use by 3.5-4 kWh/m2. 

Table 2: Average temperature of Gothenburg in climate zone IV, and Örebro, Lerum and Stockholm in climate 

zone III. 

City 
Average annual 

temperature 

Gothenburg (Zone IV) 8.9°C 

Örebro (Zone III) 6.9°C 

Lerum (Zone III) 7.7°C 

Stockholm (Zone III) 8.0°C 

One would expect that 2 years after commissioning every house that registered their building 

permit application after 1 January 2009 would have reported their energy use in an EPC. Out of the 

313 houses in the database, 265 houses had a building permit issued after this date. However, of 

these houses only 100 had been officially taken in use two years prior to 25 May 2015, when the EPC 

database was investigated. This means 44% of the houses had a reported EPC which gives a 56% non-

compliance with the EPC requirements. 
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One of the questions raised in this study is whether there is a tendency that the energy use 

calculations are close to the maximum allowed energy use. The motivation for this is because there 

is a financial incentive in the municipality of Lerum, to prove a low energy use, some calculations 

could have been adjusted to this limit. Most buildings are heated by electric heating while the limit 

for the energy use is 55 kWh/m2 in BBR. The limit for a 50% deduction of the urban planning fee is 

an energy use of 25% under BBR, which means 41.3 kWh/m2. If the energy use is 40% lower than 

BBR, i.e. 33.0 kWh/m2, the fee for the urban planning and building permit fees are reduced to half. 

The urban planning fee is 0 and the building permit fee is reduced to half for an energy use that is 

50% under BBR, i.e. 27.5 kWh/m2. Figure 3 presents the 313 buildings with calculated energy use 

compared to the corresponding limits for the deduction of the urban planning and building permit 

fees. 

 

Figure 3: Calculated energy use for the 313 buildings compared to the levels for reduction for urban planning 

and buildings permit fees (black lines). 

There are 21 buildings that have a calculated energy use between 32 kWh/m2 and 33 kWh/m2. Out 

of these, 6 buildings are exactly at 33 kWh/m2 (40% below BBR). There are 10 buildings that have a 

calculated energy use between 40.3 kWh/m2 and 41.3 kWh/m2 (25% below BBR). However, there is 

no clear tendency that the calculations are close to the allowed maximum energy use. To draw 

conclusive conclusions a larger data set is needed. The straight line at 61 kWh/m2 in Figure 3 is 

caused by an area planned for 16 identical houses. 

Out of the 313 houses, 297 had information on the heating system. Of these, 244 had an exhaust air 

heat pump or a system combined with this. This is 82% of the houses. Among the 130 houses that are 

regarded as low energy houses (i.e. 25% below BBR), this heating system is also the most commonly 

found in 64% of the houses. A ground source heat pump, or a combination of this with other 

systems, is found in 41% of the houses. This system is only found in 3 of the houses which are not 

regarded as low energy houses which is only 1.8% of these houses. 

To investigate the influence by the floor area on the energy use, 233 houses were investigated. The 

remaining 80 houses lacked information on the floor area in the database. The calculated energy 

use and the floor area for each house is presented in Figure 4. 
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Figure 4: Calculated energy use with corresponding floor area for the 233 houses. The black line shows the 

tendency for larger buildings to have a lower energy use. 

Although the R-squared value is only 0.1 for the trend line, there is a tendency that larger buildings 

do have lower energy use per square meter. For buildings with a calculated energy use below 41.3 

kWh/m2 (25% below BBR), the floor area was 180 m2 on average, with a span between 95 m2 to 402 

m2. For the buildings with a higher energy use, the average floor area was 145 m2, with a span 

between 74 m2 and 250 m2. In general, it is easier to get lower transmission losses in buildings with 

a more compact thermal envelopes, i.e. two-storey buildings have less transmission losses than 

single-storey buildings with the same floor area. Larger buildings are more commonly two-storey 

buildings which could explain the lower energy use per square meter for these buildings. 

The difference between the calculated and measured energy use for the 44 single-family houses 

with an EPC available in the database is presented in Figure 5. 

 

Figure 5: Calculated and measured energy use for 44 single family houses in Lerum municipality. The blue line 

indicates a perfect match between the calculated and measured energy use. The orange area indicate a 

deviation of more than 10% from a perfect match. 
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There are 29 of the 44 houses which have a difference between the calculation and measurement 

larger than 10%. Smaller than 10% is considered acceptable according to Sveby [6]. The average 

difference is 25%, while the house with the largest difference has a 113% higher measured energy 

use than calculated. Since the calculations are performed at an early stage and may not have been 

updated with the latest drawings and information, these results are only indicative. 

The choice of heating system seems also to influence the energy use. Buildings with ground source 

heat pump have less energy use than buildings with other heating systems. The difference between 

the calculated and reported energy use is also generally lower for this heating system. That could 

be caused by the more stable temperature levels in that system compared to other heating systems. 

The heat is collected 100 meters below ground and is therefore less influenced by fluctuations in 

the outdoor temperature and occupant’s behaviour. An exhaust air heat pump, on the other hand, is 

influenced by e.g. opening and closing of windows and doors which makes the COP vary more during 

the day and throughout the year. Less common systems, such as pellets burners and shallow ground 

heat source pumps, have larger difference between the calculated and measured energy use. This 

could be caused by difficulties to model these systems in the available commercial software. 

However, the sample is too small to draw conclusions on the difference based on the choice of 

heating and ventilation systems. Therefore a larger database of EPCs is used to study these 

influences in the coming section. 

Of the 44 houses with both calculated and measured energy use, only 34 houses had also a reported 

floor area. These houses are presented in Figure 6. 

  
Figure 6: Difference between calculated and measured energy use for the 34 single-family houses with 

reported floor area in the bulding permit. The orange area indicates a deviation of more than 10% from a 

perfect match. 

Large buildings have a lower difference in percentage than smaller buildings which is expected since 

the difference in percentage should increase for smaller numbers. The difference could also be 

based on the fact that the calculation is done for normal use, while in reality this use varies from 

building to building. This variation will have less influence in a large building compared to in a small 

one. 

The larger difference between the calculated and reported energy use could also be due to the fact 

that the floor area is reported erroneously. A detailed investigation of the calculation and EPC 

reports for 6 of the houses revealed errors both in the calculations and measurements, see Table 3. 
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Table 3: Floor area and energy use from the calculation and EPC report for 6 single-family houses. 

 
Floor area 

(m2) 

Energy use 

(kWh/m2) 

Energy use 

(kWh) 

# Calc. EPC Calc. EPC Calc. EPC 

1 204 230 41.5 28 8 464 6 400 

2 139 174 42.8 56 5 945 9 746 

3 166 197 40 32 6 702 6 336 

4 175 176 26.6 39 4 670 6 822 

5 229 202 31.8 34 7 287 6 908 

6 186 185 30.1 22 5 610 4 014 

There are some discrepancies between the buildings on how the floor area is calculated. In some of 

the cases, the garage is included in the floor area in the EPC. This is wrong. For one of the houses 

(#3) a glassed balcony is included in the floor area but it is probably unheated which means it 

should not be included. If this is accounted for, the energy use would be 38 kWh/m2 instead of 

32 kWh/m2 which should be compared to the expected 40 kWh/m2. 

Another problem found in the calculation reports is that the U-value is calculated wrong. For one 

house (#1) the average thermal transmittance is doubled because of an erroneous calculation of the 

thermal bridges, which could explain the lower energy use in the EPC for this house. If this is taken 

into account, the calculated energy use is reduced to 28.7 kWh/m2 which is close to the 28 kWh/m2 

found in the EPC report. Also, for this house the garage was included in the floor area in the EPC 

and with this removed from the EPC the energy use is 31 kWh/m2. 

Another important observation which was done in the investigation of the 6 houses described in 

Table 3 was that the household electricity varied a lot. The household electricity in dwellings has 

increased during the last years by the use of more household appliances which has not been 

counteracted by the more energy efficient equipment. During 2005-2008, measurements in 200 

single-family houses showed that the household electricity was 5,100 kWh per year on average. The 

recommended value for household electricity for energy use calculations for single-family houses is 

2,500 kWh per household and year, plus 800 kWh per person and year [6]. Table 4 presents the 

household electricity used in the calculation and EPC report for the 6 single-family houses above. 

Table 4: Household electricity used in the calculation and EPC report for 6 single-family houses. 

 
Household electricity 

(kWh) 

Household electricity 

(kWh/m2) 

# Calc. EPC Calc. EPC 

1 3,574 4,500 17.5 19.6 

2 3,663 3,400 26.4 19.5 

3 6,606 4,600 39.8 23.4 

4 6,744 4,000 38.4 22.7 

5 7,542 - 32.9 - 

6 6,909 4,338 37.1 23.4 

It is clear that the selection of household electricity is not following the Sveby standard [6] in either 

the calculation or measurements in the houses. For a household of two, the household electricity 

would be 4,100 kWh and for a household of four it would be 5,700 kWh according to Sveby [6]. In 4 
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of the 6 cases above, the household electricity is higher in the calculation report than in the EPC. As 

an example, house (#2) has a 1,000 kWh lower household electricity than the other houses in the 

EPC. The consequence of this assumption is that the energy use for heating is increased instead of 

allocating this energy to the household electricity. Since the household electricity is not measured 

separately from the electricity for heating, it is impossible to tell what the real household 

electricity is. With the same household electricity in house #2 as in the other houses, the measured 

energy use decreases to 50 kWh/m2 compared to the 56 kWh/m2 in the EPC and 42.8 kWh/m2 in the 

calculation report. 

To study the influence by the different parameters identified above, one of the houses (#4) was 

selected for a detailed parametric study. This is presented in the next section. 

III.6 Calculation of energy use in a single-family house 

The energy use of a single-family house in the municipality of Lerum (Annex VII) was calculated by 

using the commercial numerical program IDA Indoor Energy and climate 4.5.1 (IDA ICE). The system 

to be simulated consists of a building with one or more zones, a primary system and one or more air 

handling systems. Surrounding buildings might shade the building. Weather data is supplied by 

weather data files, or is artificially created by a model for a given 24-hour period. Consideration of 

wind and temperature driven airflow can be taken by a bulk air flow model. Simulations were 

performed by changing one parameter at a time to study the effect on each changed parameter on 

the energy use.  

Based on the information presented in the background and in the previous section, a number of 

possible causes for the difference between the calculated and measured energy use were identified. 

These can either be based on occupants’ behaviour, wrong assumptions made in the calculations or 

by measurement errors of the floor area or energy use. In this study, three levels of cases are 

investigated which are divided into occupants’ behaviour, building characteristics, climate data, 

and a mix of the worst of the first two set of cases. 

The simulations with data from the calculation report give an energy use of 32.2 kWh/m2 while it is 

26.6 kWh/m2 in the calculation report and 39 kWh/m2 in the EPC. One potential cause for this 

difference is that the coefficient of performance (COP) of the heat pump was 3.58 in the calculation 

report for a ground source heat pump which is changed to an exhaust air heat pump with a lower 

COP (around 2.5) in the EPC. Such last minute changes can explain some of the differences between 

calculated and measured energy use in buildings. It is important to note that these changes have a 

real impact on the energy use while they can be accepted without performing a new energy use 

calculation. 

The household electricity was also very different between the calculation report (6,744 kWh) and 

the EPC (4,000 kWh). If the same value is used for the EPC, the energy use decreases to 

23.4 kWh/m2 which is close to the 26.6 kWh/m2 in the calculation report. This shows the 

importance of selecting correct input data. 

Occupants affect the energy use by varying behaviour and preferences when it comes to indoor 

temperature, hot water consumption, electricity use, airing habits, etc. The first three factors have 

been investigated with the values presented in Table 5. These create a total of 54 cases that have 

been simulated. 
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Table 5: Input data on behaviour analysis in IDA ICE. The values are based on the recommendations given by 

Sveby [6] and variations found in the literature [6]. 

Number of 
persons 

Household 
electricity 

Hot water 
consumption 

 

1 3.3 W/m2 = 5,100 kWh/year 
145 l/pers/d 

= 53 m3/year/pers 

High 

(blue/left) 

2 

1.6 W/m2 + 0.52 W/m2/pers = 

2,500 kWh/year + 

800 kWh/year/pers 

38.4 l/pers/d 

= 14 m3/year/pers 

Medium 

(orange/middle) 

4  
32.9 l/pers/d 

= 12 m3/year/pers 

Low 

(green/right) 

The average indoor temperature is 21°C in single-family houses and 22°C in multi-family buildings 

while 20°C is the temperature used when calculating energy use in passive houses [6]. Therefore 

these three levels (20°C, 21°C and 22°C) of indoor air temperature were used in the simulations. 

The number of people in the dwelling varies depending on the size of the house. The most common 

number of people in single-family houses is 2 adults, followed by 1 adult, and 2 adults with 2 

children [17]. During 2005-2008, measurements in 200 single-family houses showed that the 

household electricity was 5,100 kWh per year on average. The recommended value for household 

electricity in single-family houses is 2,500 kWh per household and year, plus 800 kWh per person 

and year [6]. 

The hot water consumption varies depending on whether the dwelling is located in a single-family 

house or in a multi-family building. Measurements have shown that the hot water consumption is 

generally lower in single-family houses than in multi-family buildings. In 1994, an area with mostly 

single-family houses had a hot water consumption of 53 m3 per person. In a study from 2007, the hot 

water consumption was found to be 12 m3 per person in single-family houses. Sveby [6] recommends 

that a hot water consumption of 14 m3 per person is used in energy use calculations for single-family 

houses. 

When all 54 combinations of these cases are simulated, on the same house, there are large 

differences in the results, and the energy use varies from 39 kWh/m2 to 73 kWh/m2 due to 

occupant’s behaviour. This corresponds well with the results by Fremling [7] who found a variability 

in energy use in low energy houses by 50% caused by occupant’s behaviour. The variation in hot 

water causes the largest difference, which is shown in Figure 7. 

 

Figure 7: Energy use for space heating and hot water in a simulated single family house with 1, 2 and 4 people 

in the building. The different cases have different indoor air temperature (20°C, 21° and 22°C) and different 

household equipment use, as presented in Table 5. (Blue/left bar- high usage, orange/middle bar-medium 

usage, green/right bar- low usage.) 
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The highest consumption compared to the lowest consumption give differences as large as 36% when 

it comes to hot water (four persons in the house). The corresponding difference for indoor air 

temperature is 11.5% (20°C compared to 22°C), and for household equipment it is 6.5% (four 

persons compared to one person in the house). In the Swedish EPC, the measured energy use should 

be corrected to represent a normal year in terms of climate. The measurements should also be 

corrected with respect to normal use. However, the latter is very rarely done. A normal use is not 

defined in the EPC scheme and the behaviour in the house (for example indoor air temperature) is 

not followed up. 

III.7 Database of energy performance certificates 

The energy use is further studied using the EPC database containing 1,028 multi-family buildings and 

725 single-family houses located in the Gothenburg metropolitan area (south west Sweden) The 

study is limited to buildings taken in operation from 2006 onwards. The reported categories with 

respect to ventilation systems are natural ventilation, exhaust air, supply and exhaust air, supply 

and exhaust air with heat recovery and exhaust air with heat pump. Newer buildings have a larger 

percentage of exhaust air and exhaust air with heat pump compared to the total housing stock. This 

explains partly the increased facility electricity use in the buildings. The types of ventilation 

systems that represented less than 5% of the database of buildings have been omitted from the 

analysis. This leaves exhaust air, supply and exhaust with heat recovery and exhaust air with heat 

pump.  

For heating systems, the categories are electricity (direct, hydronic and air borne), heat pump 

(exhaust air, air/air and air/water), ground source heat pump and district heating. Out of these, 

the categories with sufficient number of buildings are ground source heat pump, district heating and 

exhaust air heat pump. In single-family houses, especially heat pumps have become very popular 

since the 1990s’. In 2013, half of all single-family houses had a heat pump. Air heat pumps are the 

most common heating systems and account for 50% of the heat pumps. Ground, shallow and lake 

heat pumps were the second most common heat pumps with 40% of the heat pump market [18]. 

The hypothesis is that the type of ventilation system and type of heating system is affecting the 

accuracy of the measurement. This is studied by investigating the dispersion in the energy use of 

the different types of heating and ventilation systems for each building. The dispersion for each 

ventilation system is quite large. In all cases, the spread is at least ±10% for half of the buildings (in 

one case the corresponding spread exceeds ±25%). For the heating systems, the dispersion is 

smaller. The maximum spread is ±17% for single-family houses (ground source heat pump) and ±14% 

for multi-family buildings, see Figure 8. This can be interpreted as the energy use being more 

influenced by the heating system than by the ventilation system.  

 

Figure 8: Measured energy use with respect to heating systems in single-family and multi-family buildings 

(from 2006). Odd numbers represent single-family houses and even numbers multi-family buildings. 

The heating system in 1&2 is district heating, in 3&4 ground heat pumps and in 5&6 exhaust air heat pumps. 
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Another important aspect which influences the energy use is human behaviour. The occupants’ 

behaviour gives rise to large variations in energy use. Fremling [7] describes that 50 % of the energy 

use in low energy buildings can be attributed to the occupant behaviour. Hot water consumption, 

airing and indoor air temperature are three aspects that have major impact on the energy use. In 

single-family houses, the measured EPC is very much affected by the behaviour of the group/family 

living in the house. In multi-family buildings, the dispersion will be smaller since some apartments 

have lower energy use (e.g. use less hot water) and some have higher. This will decrease the 

variation. As seen in Figure 8, the dispersion in energy use is slightly smaller in multi-family 

buildings (bars 4 and 6) and larger in single-family houses (bars 3 and 5). An exception is district 

heating (bars 1 and 2). The reason is probably that there is an error in the measured energy use in 

multi-family buildings due to culvert heat losses, which is explained in the introduction. This larger 

dispersion in multi-family buildings evens up the single-family house dispersion due to behaviour. 

It is important to investigate the quality of the data in the EPC database. Mangold et al. [19] 

studied how well the energy use reported in the EPC agreed with the information obtained from 

other sources. A public database with floor areas was used to control the quality of this information 

in the EPC database. The floor area is reported by different purposes such as for taxation and 

insurance following different standards. For the EPC it is the heated floor area which is considered. 

This is not measured in all buildings since it is very time consuming. Therefore already existing data 

on the building area is transformed to the heated floor area. Different models exist which give 

deviations when the total energy use is divided by the heated floor area. Mangold et al. [19] also 

checked the information in the EPC database with information obtained from a real estate company 

with energy bills and water bills for 53 housing cooperatives containing 356 buildings. The energy 

use was corrected to a normal year and compared to the EPC data. The analysis showed that the 

heating for hot water was more in line with the EPC data than the energy use for facility electricity. 

Of the 1,028 multi-family buildings in the EPC database, 382 (37%) had a heated floor area 

transformed from other sources than measurements in the building. The domestic hot water was 

measured separately in 56 (5.4%) of the multi-family buildings, it was not specified for 23 (2.2%) 

buildings and the remaining was allocated based on experience. When studying the information on 

facility electricity this is measured separately in 150 (14.6%) of the buildings, unspecified in 23 

(2.2%) and allocated based on experience in the remaining 855 (83.2%) buildings. There are only two 

buildings where the household (33.9 kWh/m2) and operational electricity (0.7 kWh/m2) are reported 

separately. The minimum, average and maximum energy use for hot water and facility electricity 

are presented in Table 6. 

Table 6: Minimum, average and maximum energy use for hot water and facility electricity in the EPC database 

for multi-family buildings allocated based on an unspecified method, measurements and experience. 

 Domestic hot water (kWh/m2) Facility electricity (kWh/m2) 

 Unspecified Measured Experience Unspecified Measured Experience 

Minimum 7.9 10.2 3.5 2.1 2.6 0.8 

Average 27.4 31.1 19.0 10.9 14.6 8.3 

Maximum 43.0 41.2 69.0 18.1 36.4 33.1 

Number 23 56 949 23 150 855 

Share (%) 2.2% 5.4% 92.3% 2.2% 14.6% 83.2% 

The analysis of the database of EPCs for single-family houses reveal that none of the 725 houses had 

an area transformed from other sources, but was measured in situ. The number of houses with a 

measured energy use for domestic hot water was only 11 (1.5%) while it was unspecified in 93 

(12.8%) of the houses and in the remaining 621 (85.7%) it was allocated based on experience. The 

household electricity was measured in 29 (4%) of the houses where the average energy use was 32.5 

kWh/m2. Table 7 presents the minimum, average and maximum energy use for hot water and 

facility electricity for the single-family houses. 
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Table 7: Minimum, average and maximum energy use for hot water and facility electricity in the EPC database 

for single family houses allocated based on an unspecified method, measurements and experience. 

 Domestic hot water (kWh/m2) Facility electricity (kWh/m2) 

 Unspecified Measured Experience Unspecified Measured Experience 

Minimum 0.0 0.0 0.0 0.0 30.9 0.0 

Average 18.4 13.6 18.7 0.8 45.9 4.9 

Maximum 32.3 23.2 57.8 23.8 61.2 19.3 

Number 93 11 621 559 18 148 

Share (%) 12.8% 1.5% 85.7% 77.1% 2.5% 20.4% 

The large spread in the energy use for domestic hot water, both in the multi-family buildings and 

single-family houses, shows a large uncertainty in the data. The minimum, average and maximum 

varies largely in the categories unspecified, measured and experience; more than what may have 

been expected based on the literature. The domestic hot water is presented separately in a very 

low share of the multi-family buildings and even lower share of the single-family houses. The 

facility electricity is presented separately in a larger share of the multi-family buildings than single-

family houses. The separate measurements of the energy use for different purposes is a useful tool 

for energy experts who will propose energy efficiency measures for the buildings. 

IV. Conclusions 

The Swedish national building code requires that the calculated energy use for new buildings should 

be validated within 2 years after commissioning. This is normally done by issuing an EPC. The 

calculated energy use is not used in the EPC but this is only based on the measured energy use in 

the building, corrected for normal use during a reference year. An EPC is also required for all 

buildings on sale. The objective of this study was to investigate the differences between calculated 

and measured energy use in buildings, with focus on the compliance of EPCs. The study was based 

on calculations, EPCs (measurements) and interviews. The interviews were performed with two 

energy and climate advisors and two energy experts which provided a starting point for deepened 

analysis. Two databases with a total of 2,000 single-family houses and multi-family buildings with 

calculated or measured energy use were analysed in the study. The data presented in the energy 

calculation report and the EPC for six single-family houses were investigated in-depth. One single-

family house was then selected for detailed calculation where the influence by 54 occupant’s 

scenarios on the energy use was studied. 

The compliance with the requirement in the EPBD stating an EPC should be issued within 2 years 

after commissioning was 44%. However, according to Boverket, 90-95% of all the buildings sold in 

Sweden have a valid EPC. Sold houses could therefore increase the rate of compliance. 

Unfortunately, the number of houses in this study that had been sold is unknown. The observed non-

compliance was probably caused by lack of follow-up actions. There are no court cases of home 

owners lacking an EPC and Boverket does not proceed with legal actions. 

The regulation on the energy use in buildings in Sweden does not require the measured energy use 

to match the calculation. The energy use only has to be below the required maximum energy use. 

This was the case in all investigated building. The study showed that, out of the 44 single-family 

houses, 66% had a difference larger than 10% between the calculated energy use for the building 

permit and the energy use reported in the EPC. The average difference was 25% while the house 

with the largest difference had a 113% higher measured energy use than calculated. The difference 

between the calculated and measured energy use can be caused by four different reasons: 

measurement errors, bad workmanship, inaccurate calculations and occupants’ behaviour. It was 

not possible to identify how large the influence of each factor is on the energy use since this was 

found to be case dependent. The inaccuracy of the calculations can be either due to incorrect 

design values or inapt calculation methods. In this study, most deviations can be derived to 
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occupants’ behaviour but also to last minute changes. The main reasons for deviations are incorrect 

climate data in the software, different indoor temperatures, incorrect COP of heat pumps, incorrect 

heated floor areas and differences in the number of people in the house. 

Inconsistencies were found in all 6 houses where the reporting of the heated floor area was 

investigated. In some houses the garage was included and in others the floor area of a glassed 

balcony was included. In the EPC database, all single-family houses and 63% of the multi-family 

buildings had a floor area measured on site. Of the multi-family buildings, 37% had a heated floor 

area calculated based on data for other purposes (taxation, insurance). This increases the 

uncertainty for reporting the correct heated floor area. 

The measured energy use reported in the EPC can be non-compliant by reporting energy use that 

should not be attributed to the building’s energy use (e.g. heat losses in culverts). Furthermore, the 

measured energy cannot always be assigned to a specific building in a block of buildings, or the 

measured energy use is not allocated to the right type of use according to the definitions (e.g. 

washing machines in common laundry). 

The measured energy use in buildings should be corrected to normal use during a reference year. 

The correction for non-normal use is seldom done since there is no follow-up on deviations in 

occupants’ behaviour and there is no official definition of normal use. As an example, the household 

electricity was reported substantially lower in the EPC for one of the single-family houses than the 

others which gave this house an erroneously high energy use. With a normal household electricity 

(as for the other houses), the energy use in the EPC was decreased by 11%. This is especially critical 

for low energy houses heated by electricity. 

The calculation study confirmed the findings of previous studies and showed that the energy use in 

a single-family house can vary with more than 30% due to occupants’ behaviour. The most important 

parameter is the variation in hot water use. This is seldom measured separately. Therefore, it can 

be expected that different energy experts use their own preferred method for correcting for non-

normal use. In this study, the hot water use was specified in the EPC database for only 5.4% of the 

multi-family buildings and 1.5% of the single-family houses. The facility electricity was measured 

separately in 14.6% of the multi-family buildings and 2.5% of the single-family houses. In the 

majority of the buildings, these data were allocated based on experience. 

The dispersion in energy use is more influenced by the choice of heating system than by the choice 

of ventilation system. The occupants’ behaviour has large influence on the energy use which could 

partly explain the higher dispersion for single-family houses than for multi-family buildings. For 

further evaluation, more information is needed on the measured hot water use in each of the 

buildings to be able to rate the buildings’ performance independent of the occupants’ behaviour. 

To further improve the EPC scheme and the agreement between energy use calculations and 

measurements, more work is needed. There is a lack of standardised procedures and input data. 

More education for energy experts on modeling different heating and ventilation systems could 

improve the agreement. A calculation tool which takes different occupants into account using 

adaptive or stochastic input data would lead to better compliance to the current energy use 

requirements since this would lead to a higher probability to meet the demands. For the measured 

energy use, there is a need to improve the measurement technology, i.e. place the sensors on the 

correct position to allocate the energy use according to the definition. The compliance would 

improve if the heated floor area in multi-family buildings was measured on-site as for the single-

family houses. As a last and more difficult step, education of the occupants on how to use the 

building would be needed but this is not viewed as a feasible means to increase the compliance with 

the EPC scheme.  
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Annex I: Input data and energy performance for house 1 
 

Anonymized input data, floor plans, façade drawings and calculation results for 

- energy performance calculation for the building permit (Swedish: energiberäkning) 
- energy performance certificate (Swedish: energideklaration) 

  















































 
 

Annex II: Input data and energy performance for house 2 
 

Anonymized input data, floor plans and calculation results for 

- energy performance calculation for the building permit (Swedish: energiberäkning) 
- energy performance certificate (Swedish: energideklaration) 

  





























 
 

Annex III: Input data and energy performance for house 3 
 

Anonymized input data, floor plans, façade drawings and calculation results for 

- energy performance calculation for the building permit (Swedish: energiberäkning) 
- energy performance certificate (Swedish: energideklaration) 

  

























 
 

Annex IV: Input data and energy performance for house 4 
 

Anonymized input data, façade drawings and calculation results for 

- energy performance calculation for the building permit (Swedish: energiberäkning) 
- energy performance certificate (Swedish: energideklaration) 

  



























 
 

Annex V Input data and energy performance for house 5 
 

Anonymized input data, floor plans, façade drawings and calculation results for 

- energy performance calculation for the building permit (Swedish: energiberäkning) 
- energy performance certificate (Swedish: energideklaration) 

  

























 
 

Annex VI Input data and energy performance for house 6 
 

Anonymized input data, façade drawings and calculation results for 

- energy performance calculation for the building permit (Swedish: energiberäkning) 
- energy performance certificate (Swedish: energideklaration) 

  





















 
 

Annex VII Building characteristics and input data for energy use 
calculation 
 

The calculated energy use for a single family house presented in the report is done using the 
input data presented in this appendix. It is a new single family house (built in 2012) constructed 
in Lerum municipality with light-weight wooden construction with a wooden façade, concrete 
tiles on the roof and windows with wooden frame. The house is heated by ground source heat 
pump with an exhaust air to water heat exchanger added to the system. The façade of the 
building is presented in Fig. 1, a section is presented in Fig. 2, and the characteristics used in 
the calculation report in the building permit application is presented in Table 1. 

 

Fig. 1 Façade drawings. Left: towards south east. Right: towards north east. 

 

Fig. 2 Section of the house. 

  



 
 

Table 1 Characteristics and input data for the single family house (from the calculation 
report in the building permit application). 
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Indoor temperature 21°C 

H
ea
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em
 

Power heat 0/35°C 6 100 W 

Number of occupants 4 COP heat 0/35°C 4.51 

Person heat 80 W/pers Power heat 0/45°C 5 210 W 

Presence 14 h/day COP heat 0/45°C 3.58 

Hot water use 14 m3/pers Elec. Power installed 5 413 W 

C
lim

at
e 
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Avg. outdoor temperature 8°C Circulation pump power 66 W 

Building time constant 17 h Floor heating 87.7 m2 

Design outdoor temp -14.8°C 

V
en
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at
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Circulation pump power 25 W 

B
ui

ld
in

g 
ch

ar
ac
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Floor height 2.55 m Fan power, normal 61 W 

Heated floor area 175.4 m2 Air flow, normal 61.4 l/s 

Ground floor/roof area 87.7 m2 Spec. air flow, normal 0.35 l/(s m2) 

Window and door area 45.8 m2 Fan power, reduced 26 W 

Building envelope 393.6 m2 Air flow, reduced 17.5 l/s 

U-value roof 0.098 W/(m2K) Spec. air flow, reduced 0.1 l/(s m2) 

U-value wall 0.16 W/(m2K) Air flow kitchen fan 92 l/s 

U-value floor 0.105 W/(m2K) Power kitchen fan 65 W 

Thermal bridges 11.1 W/K    

Average U-value 0.295 W/(m2K)    

Air tightness (50 Pa) 0.4 l/(s m2)    

Air leakage 0.3 l/s    
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