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The  EU  directive  to create  Energy  Performance  Certificates  (EPC)  for all  buildings  was implemented  in
Sweden  as a tool  to advise  building  owners  on  possible  improvements  and  to give energy  efficiency
visible  market  value.  The  Swedish  EPCs  include  measured  energy  usage.  Currently  82%  of  the  buildings
have  EPCs;  this  database  makes  it possible  to create  overview  and  to validate  models  of  the  building  stock
in  an  unprecedented  high  detail.

However,  the process  of issuing  Swedish  EPCs  has received  criticism  from  real  estate  agents,  real  estate
owners,  Energy  Experts,  and Boverket,  the national  agency  responsible  for  EPC  data  collection.  In order  to
nergy performance certificates
ata quality
temp
uilding area
nergy usage

use the  EPC  data  for  describing  the  building  stock it is  necessary  to  assess  and  remediate  the  data  quality.
This  has  been  done  by merging  the  EPC data  with  databases  of the  Housing  and  Urban  Development
office  and one  of  the  larger  real estate  companies  in Sweden,  Riksbyggen.  The  Swedish  EPC specific  area
measurement,  Atemp,  is found  to vary  according  to  methods  of  derivation.  The  method  of  estimating
Atemp  is  improved  using  a stepwise  regression  model  (R2 = 0.979).  This  method  can  be  applied  to subsets

 inten
of  EPCs  depending  on  the

. Introduction

In 2010, buildings accounted for 32% of total global final energy
se [1]. The European Directive 2012/27/EU [2] requires member
tates to have a strategy for refurbishment of the building stock
ith the target of reducing energy usage by 20% by 2020. The

wedish government has set an additional target of reducing the
nergy usage in the building sector by 50% by 2050 [3]. Having
n overview of energy usage in the building stock is necessary
or creating a refurbishment strategy, as engineering-based models

re used in refurbishment strategies to predict energy savings for
uildings after the application of renovation measures [4–6]. The
ifficulties with using engineering-based models on a city scale is
hat reliable data on energy usage on the building level is limited
7].

Abbreviations: EPC, Energy performance certificate; HUD, Housing and Urban
evelopment office.
∗ Corresponding author. Tel.: +46 702979778.

E-mail addresses: mikael.mangold@chalmers.se (M.  Mangold),
agost@chalmer.se (M.  Österbring), holger.wallbaum@chalmers.se (H. Wallbaum).
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378-7788/© 2015 Elsevier B.V. All rights reserved.
ded  way  of  describing  the building  stock.
© 2015  Elsevier  B.V.  All  rights  reserved.

The Swedish energy performance certificates (EPC), managed
by The Swedish National Board of Housing, Building and Plan-
ning (Boverket), contain measured energy usage data for more
than 500 000 buildings. The EPC data can be used to describe the
energy usage of the building stock, as it was  done for France [8].
However, the data quality of the Swedish EPCs has been criticized
[9,10]. The purpose of this paper is to assess and remediate the
data uncertainty in the Gothenburg EPC data to be used to pro-
duce a comprehensive overview of energy usage in the building
stock, as did Kragh and Wittchen [11] for the Danish building stock
with different preconditions. The EPC database is compared with
billing data from Riksbyggen, a real estate company with a port-
folio of 170 000 apartments of which 13 500 are in Gothenburg,
as well as data from the Gothenburg Housing and Urban Develop-
ment office (HUD, Swedish translation: Stadsbyggnadskontoret).
This article focuses specially on EPCs for multi-family-dwellings
since retrofitting measures are primarily called for in this segment
of the building stock [12]. Furthermore most buildings in this seg-
ment have an EPC.

In the following chapter the background and previous research

in connection with the Swedish EPC is summarized. Thereafter the
methods with which the EPC data quality have been analyzed are
described, followed by a results chapter that describes findings
and detail recommendations for usage of the EPCs in description
of building stock or validation of building stock models.
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.1. Background of the Swedish EPC data

The EPC system was proposed by the EU Energy Performance
f Buildings Directive [13], in 2002 inspired by the Kyoto Proto-
ol. Prior to that a multitude of national building labeling existed
n the member states and the EPC system has been implemented
ifferently depending on existing labeling systems and national
onditions [14]. The Swedish EPC system was specified by the
wedish Government [15]. The purpose of the Swedish EPC is to
romote energy usage reducing measures by making the actual
early cost of energy usage visible when buildings are sold [16]. This
s different from how other European member states have imple-

ented the EPC [17–19] and has had implications on data required
or the Swedish EPC, see Table 1.

On a European level the accuracy of the EPC system is estimated
o be 35% [17]. Nevertheless the EPC data has been used to describe
uilding stocks of several member states. Majcen et al. [21] used
he Dutch EPC data to assess the development of the Dutch building
tock. The biggest problem of the study is reported to be uncertain-
ies regarding data quality. The Danish EPC system has also been
riticized for being too expensive and the data unreliable [22], but
he data has been used to describe the Danish building stock [11].

A Swedish EPC is more costly than the EPC of other member
tates [17], and should include a site visit by a certified Energy
xpert. The Swedish EPC system has been criticized by practi-
ioners and academics for being inaccurate, expensive [10,23] and
ot usable for the purpose of advising building owners on how
o reduce energy usage [24]. Neither has it achieved the goal of

aking building purchasers pay more for a building that demands
ess energy [18,25,26]. However, the data generated in the EPC
rocess can be used for the purpose of generating a comprehen-
ive overview of energy usage in the building stock, if data quality
ssues are solved. Booth et al. [27] have analyzed ways of handling
ata uncertainty, but with EPCs in the UK, which contain calculated
nergy usage and not measured data, as in Sweden.

The contribution of this article is to detail ways of handling
ncertainty in EPCs with measured energy usage on a city scale.
he article details Swedish EPC data coverage, accuracy and preci-
ion in relation to available HUD data and heating, electricity and
ater billing data.

The Swedish EPC data quality has been evaluated by Claesson [9]
sing 10 randomly selected EPCs and three interviews with Energy
xperts. Claesson [9] conclude that most EPCs contain estimations
nd distributed values of energy usage which contain uncertainty.
laesson [9] recommends that data plausibility analysis is included
s part of the EPC. Stensson [10] compared five EPCs made for the
ame shopping malls by different Energy Experts, finding that the
nergy usage varied from 71 to 79 kWh/m2 year, primarily due to
ariations in Atemp.3

The two most used methods of deriving Atemp are to either
easure it using the building plan or to derive it from BOA and

OA.4 Boverket recommends Atemp to be derived from BOA and
OA for larger multi-family-dwellings by applying a factor of 1.15

o the addition of BOA and LOA, or a factor of 1.25 if there is a heated
asement. Prior to this recommendation Göransson [28] made a
tudy on the relationship between Atemp and BOA + LOA based on
51 multi-family-dwellings. Göransson found the measured Atemp

3 Atemp is a measure of building floor area specifically developed for the EPC in
weden, and it is calculated differently depending on type of floor space standard.
temp is defined as the heated floor space including shared spaces and footprints
f  walls but not including garages.
4 BOA and LOA are real estate valuation measures of usable heated floor area

or habitation and non-habitation (stair cases, shared areas etc.). BOA and LOA
re registered for 90% of the multi-family-dwellings and 74% of the single family
uildings.
ldings 102 (2015) 328–336 329

to be 1.35 times larger than BOA + LOA, with a standard deviation
(�) = 0.18.

A purpose of this article is to make measured Atemp compara-
ble with Atemp derived from BOA + LOA to increase the accuracy
of a building stock description based on EPC data. To avoid incor-
rect assumptions when correcting Atemp it is necessary that those
assumptions also are valid for the desired building stock descrip-
tion. Therefore a method of finding correction factors, ˛, using a
stepwise regression analysis is presented. Correction factors for
Atemp to be used in building stock descriptions in age groups are
presented separately.

Liu et al. [29] have made a thorough assessment of data quality
on ventilation in the Swedish EPC. Consequently it was decided
to not focus further on ventilation. It was  also decided to limit
the work to not include the recommended energy usage reducing
measures, considering the findings of Olofsson [23] and Stensson
[10] that this data is of too low quality to draw any conclusions.

2. Materials and methods

By comparing the Gothenburg EPC data with HUD data and Riks-
byggen heating, electricity and water billing data, it was possible to
analyze the data quality and describe the variance in energy usage.
These datasets are detailed in Table 2.

The HUD data is mainly geographical information on the build-
ings in the city. By graphically dividing the building stock according
to subdivision in the EPC data it is possible to observe data quality
issues visually, such as over-representation of buildings.

2.1. Area measurements in the EPC

The two most common ways of deriving Atemp for multi-family-
dwellings are by measuring it or by estimating it from BOA and LOA.
In Fig. 1 Atemp in these EPC groups are plotted against BOA  + LOA
without any adjustment or removal of outliers. A contribution of
this article is to make measured Atemp comparable with Atemp
derived from BOA + LOA. This was  done in two different ways. The
first method is an equation from a stepwise regression analysis
which is an improved way of estimating Atemp. The second method
is intended to fit a building stock description divided by building
age directly.

In Fig. 1, the difference between Atemp and BOA + LOA has been
illustrated. The figures contain many data points making odd data
points comparatively more visible. The line for Atemp = BOA  + LOA
(The ratio X = 1) have been added as a reference.

A stepwise regression was conducted with the confidence inter-
vals set at 95% containing all variables in the EPC and Atemp from
EPCs in which Atemp has been measured (N = 1163), Fig. 1, as a
dependent. The regression produced an improved equation for the
estimation of Atemp from BOA + LOA (R2 = 0.979). The number of
cases in the analysis was increased from N = 777 to N = 1163 by
adding BOA + LOA from using HUD data.

The ratio, X, between Atemp and BOA + LOA is expressed for
multi-family-dwellings, and the outlier criteria 2 > X > 1 introduced
by Göransson [28] is applied before processing the data. The sec-
ond method adjusts Atemp statistically with assumptions which
must be in accordance with the final intended usage [30]. As a ref-
erence, the building stock is therefore divided into age groups in
which the averages of X from measured Atemp are used to produce
adjustment factors, ˛, for Atemp derived from BOA + LOA.
These two  methods are both simplifications, but can be used
when analyzing a building stock statistically. The methods also
assume that buildings where Atemp has been measured are rep-
resentative for the building stock as a whole. Table 3 describes
differences and similarities between the two subsets. The method
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Table 1
Swedish EPC data overview.

Value category Data specification Measurement type

1. Matching, keys, and
sorting

National real estate number and index,
address, EPC index

2.  Building
characteristics

Building age*
Complexity*
Shared walls with other buildings*
Recognition of heritage value

Scale variable [year]
Nominal [complex, non-complex]
Ordinal [detached, semi-attached, attached]
Nominal

3.  Building usage National registration of building usage type
code
Detailed usage of building*

Nominal
Share of building used for the 12 most
common types

4.  Building area Interior areas (Atempa, BOA and LOAb)*
Floors
Stair cases
Number of apartments
Floors below ground
Heated garage space

Scales [m2]
Ordinal
Ordinal
Ordinal
Ordinal
Scale [m2]

5.  Heating Energy usage for heating divided in 13 energy
sources*
Tic  box for measurement type
Period of measurement

Scales [kWh/year]
Nominal [measured, distributed]
Interval [year and month]

6.  Household
electricity and water

Cooling energy usage*
Tap water energy usage*
Electricity usage divided in: domestic, shared,
and non-domestic usage*

All measurements in the category include scale
[kWh/year] and nominal [measured,
distributed]

7.  Ventilation Ventilation type* Nominal [exhaust, balanced, balanced with
heat exchanger, exhaust with heat pump,
natural ventilation]

Ventilation control conducted* Nominal [yes, no, partially]

8.  Recommended
energy usage
reducing measures

Tic box for 28 common energy usage reducing
measures
Estimated decreased energy usage*
Estimated cost per saved kWh*

Nominal
Scale [kWh/year]
Scale [SEK/kWh]

The parts specifically mentioned by EU [13] have been marked with an asterisk ‘*’. Required [13] and not covered aspects are: insulation, air-tightness, natural lighting,
in-door climate, and building orientation.

a Atemp is a measure of building floor area specifically developed for EPC in Sweden, and it is calculated differently depending on type of floor space standard. Atemp is
defined as the heated floor space including shared spaces and footprints of walls but not including garages [20].

b BOA and LOA are real estate valuation measures of usable heated floor area for habitation and non-habitation (stair cases, shared areas etc.). BOA and LOA  are registered
for  90% of the multi-family-dwellings and 74% of the single family buildings.

Table 2
Data frequencies: EPC data, HUD data, Company register and billing data.

Dataset Boverket (EPCs) Gothenburg HUD Riksbyggen

Unique unit An EPC A coordinate in polygons A confined inhabited building
N  17 500 64 600 615
Dwellings 189 000 n/a 13 500
Atemp  [m2] 19 300 000 24 100 000 (BOA) 1 058 000
EPC  17 500 17 500 452
BRFa n/a n/a 80
Bill  paying BRFsb n/a n/a 53

a Condominium organizations (BRF). Some BRFs include more than one building.
b Not all BRFs have contracted Riksbyggen for the payment of heating, water and electricity.

Table 3
Comparison of the two  data subsets of different.

Row labels Atemp derived from BOA + LOA Measured Atemp

Average of Atemp [m2] 2848 2180
Average of adjusted Atemp [m2] 3079 2180
Average number of basement levels 0.697 0.673
Average building base footprint [m2] (From HUD) 575 457
Average number of stories 4.17 4.06
Average number of apartments 33.0 26.5
Average year of EPC issuing 2008.45 2009.27
Average construction year 1957 1957
Energy usage without adjustment of Atemp [kWh/m2 year] 140.5 128.9
Energy usage with adjustment of Atemp [kWh/m2 year] 130.1 128.9
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Fig. 1. To the left, Atemp derived from measurments compared with BOA + LOA (N = 1163), before removal of outliers. To the right, Atemp derived from BOA + LOA  compared
with  BOA + LOA (N = 4747).

Table 4
Description of EPC and comparison with all buildings in Gothenburg (HUD data).

Dwelling type Boverket (EPCs) Gothenburg city (HUD) Overlap of the data sets

Single-family-dwelling Atemp = 1 660 000 m2

EPC = 11 300
BOA = 8 010 000 m2 Atemp = 1 160 000 m2
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[

Dwellings = 11 300Row houses 

Multi-family-dwelling Atemp = 17 500 000 m2

EPC = 6320
Dwellings = 178 000

f using BOA + LOA to derive Atemp was a method of simplification
sed later in the EPC issuing process. Atemp for larger buildings

s more often derived from BOA + LOA. This is a bias in the applied
ethod.

.2. Heating, water and electricity billing data

The heating, water and electricity billing data for the 53 BRFs,
ee Table 2, are from 2012 and 2013. This billing data is com-
ared with the energy usages in the EPC. The different temperature
etween years were taken into account by adjusting the heat usage
o “normal year” by weighting energy used for heating with the
egree-days of the month compared with the average degree-days
elow 17 ◦C, as done in the EPC. “Normal year” adjustment cannot
e done perfectly and it is a source of error. This error also exists
ithin the EPC data since EPC is done continuously over many years.

nergy for hot water is calculated from cold water usage with the
ssumption that 40% of the cold water is heated [31].

A method problem is that the billing data sometimes contained
ractions that are not included in the EPC, such as outdoor lighting,
ngine heaters, etc. This error can also exist for water that is used
utside of the building. Heating records are less impacted by this
rror since all heating is used for heating the building and all is
ncluded in the EPC.

In the EPC a separation between energy used by the building
nd electricity used by organizations in the building is made. In
he comparison these two categories are merged since they exist
s one measurement in the billing data. This makes it more difficult
o assess the data quality of electricity figures in the EPCs.
. Results

The intention was for all buildings to have an EPC by 2008
15], but this goal has not been achieved and data collection is
BOA = 2 520 000 m Atemp = 617 000 m
BOA = 13 600 000 m2 Atemp = 17 500 000 m2

still ongoing. In the Gothenburg building stock 82% of the multi-
family-dwellings, 60% of the non-residential buildings, 19% of the
row houses and 11% of the single-family-dwellings, are included in
the database, see Table 4. A shortcoming is that the EPC alone does
not include a distinction between row houses and single-family-
dwelling. This distinction exists in the HUD data.

HUD data matched with the EPCs made it possible to sep-
arate row houses, and to visually assess the data, see Fig. 2.
From comprehensive images data uncertainties were identified
and investigated more in detail. In the illustration of single-family-
dwelling two problems beyond simple errors in registration were
found. In 6 areas in Gothenburg all single-family-dwelling have
an EPC. This would make it possible to describe variations in
higher detail, but it would be necessary to reduce the weight-
ing of the EPCs when describing the building stock using these
6 areas.

3.1. Atemp analyses

Göransson [28] made one of the most detailed studies of the
relationship between measured Atemp and BOA + LOA. Göransson
[28] used the ration X of Atemp to BOA + LOA and introduced the
practice of removing buildings with X smaller than 1 and larger
than 2. For the Gothenburg building stock 40 of 1163 buildings were
removed when this method was applied. Göransson [28] expressed
the distribution of the area ratios using quartiles, Q. In Table 5 the
standard deviation, �, is added for comparisons.

Atemp is only derived from BOA + LOA  for multi-family-

dwellings. Atemp for other residential buildings is measured. In
the sample of Göransson [28] the median ratio between BOA + LOA
and Atemp is 1.35. This implies that the factors 1.25 and 1.15,
recommended by Boverket for deriving Atemp from BOA  + LOA,
underestimates Atemp of Swedish buildings. In accordance with
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Fig. 2. Illustration of the geographic data of Gothenburg city center. White buildings have an EPC and black buildings do not.

Table 5
Comparison of X in different building groups with different methods of deriving Atemp.

Atemp method Göransson [28] Multi-family-dwellings Single-family dwellings Row houses

Measurement Measurement BOA + LOA BRA Measurement Measurement

N 151 1123 4747 130 4672 3204
Average 1.344 1.212 1.383 1.361 1.171
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�  0.211 0.
Q3 1.44 1.48 1.
Q2 (median) 1.35 1.335 1.
Q1 1.29 1.181 1.

his, the average ratio, X, is systematically larger for buildings with
temp derived from measurements, see Table 5.

Atemp can be predicted in a more accurate way than the
tandard method suggested by Boverket by applying a stepwise
egression analysis for specific groups of EPCs with measured
temp set as the dependent. Table 6 details the results from a
tepwise regression analysis for all Gothenburg EPCs, with the con-
dence intervals set at 95%, with measured Atemp as the dependent
nd using the other variables available in the EPC as independents.

According to the regression analysis in Table 6 the regression
quation can be used to better estimate Atemp based on BOA, LOA
nd number of apartments, A, see Eq. (1).

tempadjusted = 69.8 + 1.152BOA + 1.174LOA + 8.969A (1)
However, Eq. (1) is a simplification that does not take variation
n building groups into account. Building stock is often described
sing age groups or building types. Construction year does corre-

ate significantly with Atemp but in a non-linear manner. In Table 7

able 6
on-standardized coefficients, B, for the models in the stepwise regression analysis
hich included all EPC variables.

Model 1 Model 2 Model 3

Constant 145.4 89.28 69.78
BOA  [m2] 1.356 1.303 1.152
LOA  [m2] 1.154 1.174
Number of apartments 8.969
R2 0.944 0.971 0.979
R2 change 0.944 0.027 0.008

ll coefficients are significant at the 0.001 level (2-tailed).
0.172 0.312 0.229
1.483 1.598 1.263
1.371 1.312 1.058
1.268 1.059 1.000

adjustment factors  ̨ have been derived for groups of buildings
based on the average ratio X of buildings with measured Atemp. As
seen in the graph to the right in Fig. 1 and in Table 5 the existence
of a basement heated above 10 ◦C is assumed to be of importance
in the method of calculating Atemp from BOA + LOA recommended
by Boverket.

Eq. (1) and the adjustment factors in Table 7 were applied to EPCs
where Atemp was derived from BOA + LOA to produce the graph in
Fig. 3. These two figures can be compared with Fig. 1.

A building stock is also commonly divided in building types.
Göransson measured how X varied in building types. Unfortunately
building types are not registered in the EPC or the HUD data. Based
on the work of Göransson [28]. Table 8 expresses X for measured
Atemp and adjustment ratios, ˛, for groups of different building
types.

The average ratio X has changed during the years EPCs have
been issued, see Fig. 4. In Fig. 4 data points with less than 30
EPCs have been removed, and 86% of the multi-family-dwellings
were issued during 2008 and 2009. During the first years of
EPCs issuing there was a practice amongst Energy Experts of set-
ting Atemp to equal BOA for single-family-dwellings and row
houses. This needs to be taken into account when using EPC data
to describe the single-family-dwelling building stock using EPC
data.
3.2. Heating, water and electricity billing data analyses

Heating, electricity and heat for hot water are given in used
energy [kWh/m2 year] in the EPC. The Riksbyggen billing data has
been recalculated into energy usage and “normal” year adjustment
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Table  7
Adjustment factors, ˛, making Atemp for different building age groups derived from BOA + LOA comparable with Atemp derived from measurements.

Building age group N, measured Atemp N, total population X, measured Atemp  ̨ for buildings without
basement

 ̨ for buildings with
basement

1900 80 245 1.355 1.178 1.084
1910  25 122 1.309 1.138 1.047
1920  118 494 1.375 1.195 1.100
1930  207 950 1.380 1.200 1.104
1940  170 743 1.451 1.261 1.160
1950  123 884 1.366 1.188 1.093
1960  133 958 1.390 1.208 1.112
1970  52 839 1.259 1.095 1.007
1980 16 268 1.315 1.144 1.052
1990  38 455 1.359 1.181 1.087
2000  65 363 1.327 1.154 1.062

Fig. 3. To the left, Atemp derived from BOA + LOA adjusted using Eq. (1). To the right, Atemp derived from BOA + LOA adjusted using Table 7 (N = 4727).

Table 8
Ratios making Atemp derived from BOA + LOA comparable with Atemp derived from measurements and BOA + LOA for different building types.

Building type N X, measured Atemp  ̨ for buildings without
basement

 ̨ for buildings
with basement

Slab block (Lamellhus) 50 1.38 1.2 1.104
 

 

 

 

h
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i

Enclosed block (Sluten kvartersbebyggelse) 33 1.33
Point  block (Punkthus) 31 1.32
Slab  block (Skivhus) 30 1.31
Gallery access block (Loftgångshus) 7 1.42
as been made for the heating bill. Fig. 5 illustrates a comparison
etween annual energy for heating found in the EPC and the billing
ata. Each dot in Fig. 5 represents one housing organization, BRF.

n total 356 EPCs with 9900 apartments and 907 000 m2 Atemp are
ncluded in this figure.

Fig. 4. Average ratio between Atemp to BOA + LOA for dwell
1.157 1.064
1.148 1.056
1.139 1.048
1.235 1.136
The two outlier data points below the more well correlated
cluster motivates the recommendation to make an outlier anal-
ysis of EPC energy usage based on building type. The ratios
in Fig. 5 support the usage of an outlier criteria of 2.5� for
ratios between EPC and billing data. However, depending on the

ing groups divided by the years the EPCs were issued.
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Table 9
Gothenburg EPC data quality issue differentiation, result summary and recommendations.

Value category Data quality issue Suggested measures when using EPC data to create overview of a building
stock

1. Matching, keys, and sorting Over-representation of row houses with
community associations

• EPC data is best used in city or district scale where more data on the
buildings is available, including graphical observations
•  Matched HUD data can be used to weight for row house areas that are
overrepresented

2.  Building characteristics 1% processing error when EPC data was
compared with Riksbyggen data

• Building age was  described with less error in the EPC than other datasets

3.  Building usage • Of the different registered building usages the EPC data contain more
detailed usage divided in fractions

4.  Building area Atemp is calculated differently depending on
standard methods applied by the Energy
Expert

• Atemp derived from BOA + LOA should be adjusted using the methods
described in this article to be comparable with Atemp derived by other
means
•  Attention should be given to EPCs for single-family-dwellings made
before 2008. Atemp was on average larger during this period than later
years
•  Atemp should be compared with BOA + LOA and cases where BOA + LOA
is larger or equal to Atemp, or Atemp is twice that of BOA + LOA should be
seen  as outliers
• For single-family-dwellings the year the EPC was made should be
adjusted for

5.  Heating When energy usage is distributed on many
buildings granularity is lost
Efficiency of heat pumps not provided
Measurement period not always registered
(458 of 15 400)

• Energy for heating are found to deviate the least. Outlier outside of 2.5�
in  the building types should be given extra attention
• Usage of one heating type alone is recommended if possible.

6.  Household electricity and
water

Energy Experts divide electricity differently
Heating for tap water sometimes not measured
(1100 of 17 500)

Fig. 5. Comparison of district heating billing data and the data registered in the EPC.

Fig. 6. To the left, comparison of heating for water usage from billing data and the data r
from  billing data and the data registered in the EPC.
• Electricity should be presented separately from heating when describing
a  building stock
• Heating for water below 10 kWh/m2 year for multi-family-dwellings
should be removed as outliers.

way EPCs are grouped this criterion identifies different EPCs as
outliers. Yet, the authors recommends to use an outlier crite-
rion of 2.5� for further investigation, especially since the heavy
energy users are relevant to target to reduce energy usage
[32].

The heat usage in Fig. 5 is supplied as district heating. In the EPC
data 90% of the multi-family-dwellings in Gothenburg have district
heating. A source of data quality problems can be removed if the
heating sources are not mixed when describing energy usage in the
building stock.

When energy usage is distributed on many buildings granular-
ity is lost. It is not possible to see which other buildings are taking
part in the distribution of energy used and the Energy Expert is
asked to make assumptions. Assumptions are always needed when
there are non-dwelling activities included in this energy to be dis-

tributed. Especially electricity usage is complicated to report in a
uniform manner, as required in the EPC. Data should be entered
for shared building electricity (elevators, lighting), household elec-
tricity (domestic), business electricity (e.g. shops on ground level),
and electricity for cooling. Energy Experts employed by Riksbyggen

egistered in the EPC. To the right, comparison of heating for total electricity usage
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Fig. 7. Energy usage in the Gothenburg multi-family-dwellings divided into age groups with merged heating and electricity usage and without adjusting Atemp.
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Fig. 8. Energy usage in the Gothenburg multi-family-dwellings with Atemp

eported that uncertainties to which group electricity should be
eported and that meters seldom measure only one type of usage so
ssumptions have to be made. This may  lead to data quality issues.

In Fig. 6 the higher billing data electricity use is explained by
he BRFs paying electricity bills for activities not included in the EPC
streetlights or car heating), which could not be identified without a
ite visit. Based on these observations it is recommended that elec-
ricity and heating should be presented separately when analyzing
nergy usage in the building stock.

Billing data for water usage is better correlated with the EPC
ata than the electricity usage, but there are data points that
all outside of the pattern. This observation further reinforces the
ecommendation [9] to make a plausibility check and remove
utliers. Water usage can vary greatly between dwellings with
ewer residents [33], but in larger buildings a more constant water
sage, best predicted by the number of residents, can be assumed
34]. The author recommends values below 10 kWh/m2 year for
ot water heating to be removed as outliers for multi-family-
wellings.

In the exercise of comparing data from the Riksbyggen and EPCs
utliers (� = 2.5) were identified and given extra attention. Energy
xperts employed by the Riksbyggen gave the following reasons
or identified deviations.

In buildings with no private electricity measurements and billing,
electricity usage is considerably higher.
Usage of electricity in laundry rooms is not calculated as con-
tributing to the heating of the building, even though this can be
the case.

Outdoor lighting and engine heating sometimes need to be
excluded from the metered energy usage based on assumptions.
In cases when electricity is measured with one meter for multiple
buildings assumptions must be made by the Energy Expert. How
these assumptions are made can vary between Energy Experts.
ted using Table 7 and separated heating (black) and electricity (gray) usage.

4. Discussion

The data quality issues and ways of handling these issues, based
on the analyses in this article, have been summarized in Table 9.
Table 9 can be compared with Table 1 in Section 1.1.

In this article factors for adjustment of Atemp derived from
BOA + LOA have been presented which makes Atemp larger.
According to Eq. (1) the final factors for BOA and LOA are close
to the 15% increment suggested by Boverket. One explanation for
this is that Boverket based their recommendation on a sufficiently
representative sample of the building stock [28]. Another expla-
nation could be errors in reporting regarding the way Atemp was
derived. This latter explanation is a methods problem that cannot
be excluded.

A larger Atemp will make the energy performance of the build-
ings seem more efficient. If a building stock description based
on the method presented here is compared with building stocks
in other countries it will be necessary to adjust the compari-
son for the country specific building area unit. As a reference
for such comparisons Atemp is 34% larger than the Swedish sell-
able apartment space, BOA. The RESQUE [35] project state that
Atemp is 70% of gross floor area. The Energy Performance Certi-
fication have mainly been a European project [14], however since
2008 there are initiatives to establish EPCs for buildings in tropical
contexts [36].

The EPC data was improved by applying measures described
in Table 7. Figs. 7 and 8 illustrate the result of improving the EPC
data by adjusting Atemp and separating domestic electricity from
heating when applied in a description of the building stock. To be

noticed that the integral of Figs. 7 and 8 are the same.

Using the method of finding adjustment factors for groups
of buildings has the benefit that the assumption made is clearly
defined by being specific to the selected groups. However, the
adjustment factors can then only be used to describe the building
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tock in accordance with the assumed groups of buildings, as done
n Figs. 7 and 8. When a stepwise regression model is used then
temp is predicted more accurately for specific buildings but the
esults should still only be used when describing the building stock
tatistically.

The EPC data contain measured energy usage data and building
haracteristics for 99% of the multi-family-dwellings from the Mil-
ion Homes Program era. The Million Homes program was a large
ational initiative during the period 1961–1975 focused on build-

ng one million dwellings to cover an urgent housing need [37].
uildings from the Millions Homes Program era has been men-
ioned as a priority for refurbishment and energy usage reducing

easures [12,38]. However, the data quality issues motivate an
nalysis of the data quality before using the data for modeling or
escribing the building stock.

Building types are sometimes used to separate the building
tock when energy usage is analyzed and modeled. The methods
f analyzing uncertainties and errors described in this paper can be
pplied on the chosen building types. Future research can also make
se of the data in the EPCs to validate engineering-based models of
nergy usage. In such analyses the energy usage reducing measures
n the EPC would be useful. The data quality of that part of the EPC
s difficult to assess without site visits. It is rather recommended
hat these data quality issues are solved in the EPC issuing process.

. Conclusion

Data generated in the Swedish EPC process can be used to
escribe and model the building stock, but there are data qual-

ty issues that need to be handled. This article has summarized the
ata quality issues and has developed ways of improving data qual-

ty for different ways of describing the building stock. Building area
easures were found to be a parameter that is difficult to use accu-

ately in a building stock description since there are many formats
f area measurements that have been used at different times. Ana-
yzing area measures statistically makes it possible to account for
he differences when describing the building stock.
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