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ABSTRACT

INTRODUCTION

Low energy buildings have well insulated building
enclosures and efficient ventilation heat recovery
systems which lead to small transmission and
ventilation heat losses. During a large part of the year
internal heat gains from people, household electricity
and solar heat gains balance the heat losses with zero
heating need as a result. All energy uses in a building
are part of the buildings energy balance and for
example the heat gains from a higher use of household
electricity should result in a lower use of heating given
that the heating control systems work as intended.
Different user characteristics will result in different
heating demand in the same building, and in low
energy buildings different user characteristics will have
a relatively higher impact compared to a less energy
efficient buildings. Household electricity and domestic
hot water was measured during one year in 520 one
bedroom apartments and 462 two bedroom apartments
in Sweden. The average annual use of household
electricity was 27.7 kWh/m² in one bedroom
apartments and 29.1 kWh/m² in two bedroom
apartments. The use varied between almost zero and 90
kWh/m2 in the different apartments. Average annual
domestic hot water heating was 20.1 kWh/m² in one
bedroom apartments and 22.8 kWh/m² in two bedroom
apartments. The use varied between zero and 140
kWh/m². The correlation between household electricity
and domestic hot water was studied and different user
scenarios were defined. The user scenarios were used
as input data for simulations of heating demand in order
to study different users’ impact on the heating demand
in buildings with different characteristics. The result
shows that the users can have a strong impact on a
buildings heating demand and in order to determine the
impact that different users will have, it must be
analyzed based on the actual building since it is
determined not only by the user related energies but
also by the building's characteristics.

To design a building that fulfills requirements
regarding low energy use, it is crucial to perform
energy simulations of the building in question during
the design process and the simulations must be
representative of the building during operation (Bagge
and Johansson, 2009). Research on the agreement
between predicted and actual use of space heating in
residential buildings in Sweden show that measured
use of energy for space heating during operation
exceeds the predicted energy use by between 50% and
100%, even in low energy buildings (Elmroth, 2002;
Lindén, 2006; Nilsson, 2003; Bagge and Johansson,
2009).
Karlsson et al (2007) stressed the importance of
accurate input data for the energy simulations of
buildings. The building users’ behavior is very
important in low energy buildings and is the hardest to
model according to Karlsson et al (2007). Low energy
buildings have well insulated building enclosures and
efficient ventilation heat recovery systems which lead
to small transmission and ventilation heat losses.
During a large part of the year internal heat gains from
people, household electricity and solar heat gains
balance the heat losses with zero heating need as a
result.
The use of household electricity is influenced strongly
by the building users’ behavior and is a major internal
heat gain. Household electricity is defined as all
electricity, not used for heating and ventilation, used in
an apartment or a house. Domestic hot water is the hot
water from taps in an apartment or a house. A large
variation has been measured in equal apartments by
Bagge et al (2012). Reasons for this variation can be
occupancy levels and shower habits.
All energy uses in a building are part of the buildings
energy balance and for example the heat gains from a
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higher use of household electricity should result in a
lower use of heating given that the heating control
systems work as intended. Different user characteristics
will result in different heating demand in the same
building, and in low energy buildings different user
characteristics will have a relatively higher impact
compared to a less energy efficient buildings.
The users’ relatively larger impact on the building's
performance in today's and tomorrow's buildings must
be taken into account during design and management
(Corrado & Mechri, 2009). The users’ impact on the
building performance has usually been described by
different user categories of users, for example children
families or single elders. Bagge (2011) proposed to
describe the different users’ lifestyle and impact by
statistical distributions of user related parameters and
combinations of parameters for the reason that it is
unknown who will live where over time. A vast
majority of residential buildings are certainly not built
for a specific category, but for a cross section of the
population leading to an urgent need for a statistical
approach on users’ variation. Energy use in buildings is
commonly regulated. For example in Sweden (The
Swedish National Board of Housing, Building and
Planning, 2014), there are requirements on the sum of
heating and non household electricity. Heating is the
sum of space heating for keeping the interior at desired
temperature and domestic hot water heating. Non
household electricity is used for ventilation and
purposes outside apartments. A building's heating
demand is affected by the occupants’ use of domestic
hot water and household electricity. Increased use of
domestic hot water increases the heating demand, while
a high use of household electricity can reduce the
heating demand.
Various combinations of high and low uses of
household electricity and hot water may be more or less
favorable for achieving a low heating demand
depending on buildings characteristic such as insulation
standard and efficiency of ventilation heat recovery.
All countries within the European Union will require
new buildings to be nearly zero energy buildings from
2019. In order to make accurate predictions and
decisions regarding the future buildings, it is important
to have a good statistical description on energy related
user characteristics and its impact on buildings energy
use and not only use average values of guessed or
measured user related parameters.

Aim
There is a lack of studies that analyze resulting energy
use of dwellings based on distribution of measured user
related input data. The aim of this paper is to:
•

Present annual use of household electricity and
domestic hot water heating measured in 982
apartments.

•

Investigate possible relationship between use
of household electricity and domestic hot
water.

•

Define different user scenarios based on
combinations of different use of household
electricity and domestic hot water heating.

•

Analyze these user scenarios’ impact on the
heating demand of buildings with different
characteristics by simulations.

METHOD
Based on measurements of user influenced household
electricity and domestic hot water volume, simulations
were performed for a number of scenarios based on
certain intervals of percentiles of the measured data
described in the results and discussion.
As defined in the introduction, heating refers to the sum
of space heating and domestic hot water heating. Space
heating is the heating supplied by the heating system to
the interior including the ventilation air, excluding
domestic hot water heating. Household electricity is in
practice completely used within the apartments, and is
the only electricity used within the apartments (Bagge,
2008). There are also other internal heat gains such as
solar radiation or power from people that is handled by
the simulation program.
Measurements
As a basis for individual billing, household electricity
and domestic hot water was measured during 2009 in
520 one bedroom apartments and 462 two bedroom
apartments in buildings located in Karlstad, Sweden at
latitude 59.39°, and built between 1932 and 2007 with
a large portion built in 1980 and in the period 19611965.
To receive the domestic hot water heating, the
measured domestic hot water volume was multiplied by
a factor of 55 kWh/m³ based on Swedish Energy
Agency (2014).
The distribution of the uses and their average values are
presented. The relationships between the parameters are
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studied and different user scenarios are defined based
on the actual distributions and relationships between
the measured parameters in the studied apartments.

value of 3 W/(m²·K). Thermal bridging of 10 % of the
transmission losses was added. Mechanical exhaust
ventilation without any heat recovery was used.

Simulations

The one bedroom apartments had a heated floor area of
60 m², exterior wall area of 9 m² and 9 m² of windows.
The ventilation airflow was 25 l/s. The two bedroom
apartments had a heated floor area of 80 m², exterior
wall area of 12 m² and 12 m² of windows. The
ventilation airflow was 28 l/s. The apartments were
heated to 22 °C and the occupancy was 0.03 persons/m²
which was based on actual measurements of occupancy
in Karlstad (Johansson et al, 2011).

The different user scenarios, based on the
measurements, regarding use of household electricity
and domestic hot water heating were used as input data
in a simulation model of two different apartments in
two different buildings. The building simulation
software IDA ICE 4 (Equa, 2014) was used for the
simulations. Building 1 was a low energy building and
Building 2 was a building that represents building
technology from the 1940s. In each building, the
heating demand in a one bedroom and a two bedroom
apartment was simulated. The apartments were located
in the center of a building with adjacent apartments on
two sides and above the ceiling and below the floor.
That means that the apartments were going all way
through the cross section of a floor of the building with
half of the exterior walls and windows facing north and
the other half south. The IDA ICE 4 standard outdoor
climate file for Karlstad, the same city as measurements
were from, was used. Figure 1 presents the hourly
outdoor temperature during the normal year. The
normal year average outdoor temperature is 6.4°C.
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Figure 1 Hourly outdoor temperature in Karlstad
according to the weather file used in the simulations.
Building 1 had exterior walls with a U-value of 0.12
W/(m²·K) and windows with a U-value of 1 W/(m²·K).
Thermal bridging was simulated by adding 20 % to the
transmission losses. Mechanical supply and exhaust
ventilation with heat recovery was used, 65 %
temperature efficiency. Building 2 had exterior walls
with a U-value of 1 W/(m²·K) and windows with a U-

RESULTS AND DISCUSSION
All calculated and simulated energy results are annual
and presented per heated apartment area. The
abbreviations HEL is used for household electricity and
DHW for domestic hot water heating. As described,
Heating is the sum of Space heating and Domestic hot
water heating.
Annual use of household electricity and domestic
hot water heating
Figure 2 and Figure 3 shows the distribution of the
annual use of household electricity and domestic hot
water heating respectively in the one and two bedroom
apartments. Average annual use of household
electricity was 27.7 kWh/m2 in one bedroom
apartments and 29.1 kWh/m2 in two bedroom
apartments. Average annual domestic hot water heating
was 20.1 kWh/m2 in one bedroom apartments and 22.8
kWh/m2 in two bedroom apartments. The median value
is the same as the 50 percentile, directly readable in the
figures. Except for maximum values, the distributions
are very similar for the both apartment sizes. The
highest use of household electricity in one bedroom
apartments was 90 kWh/m2 and in two bedroom
apartments 73 kWh/m2. Regarding domestic hot water
heating, the highest use in the one bedroom apartments
was 117 kWh/m2 and in two bedroom apartments 140
kWh/m2.
User scenarios based on distributions
Figure 4 and Figure 5 shows the annual domestic hot
water use as a function of the annual household
electricity use in one- and two bedroom apartments
respectively. There is a rather weak correlation between
household electricity and domestic hot water with a
coefficient of determination of 0.20 and 0.23 for the
one bed room and two bed room apartments
respectively. Regression lines and their coefficients are
given in Figure 4 and 5. The regression line slopes
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were the same and the constant was approximately the
same. Still, the low coefficient of determination implies
that it is not a straight forward procedure to define a
typical user of household electricity and domestic hot
water heating. In Figure 4, an apartment with low use
of household electricity, about 14 kWh/m2, had the
second highest use of domestic hot water, about
kWh/m2, and an apartment with high use of household
electricity, about 53 kWh/m2, had a domestic hot water
use close to zero which indicates the weak correlation.

Figure 3 Duration of annual use of domestic hot water
heating (DHW) in one bedroom and two bedroom
apartments respectively.
DHW/(kWh/m2)
160
140 y = 0.5644x + 4.4093
R² = 0.2255
120
100
80
60

HEL/(kWh/m2)
100

40

80

0

20

60

0

20

40

60

80
100
HEL/(kWh/m2)

Figure 4 Use of annual domestic hot water heating
(DHW) as a function of the use of annual household
electricity in the one bed room apartments.
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Figure 2 Duration of annual use of household
electricity (HEL) in one bedroom and two bedroom
apartments respectively.
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Figure 5 Use of annual domestic hot water heating
(DHW) as a function of the use of household electricity
in the two bed room apartments.
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The 10 % of the apartments with the lowest use of
household electricity were defined as apartments with
low use, the 10% of the apartments that have the
highest use were defined as apartments with high use
and the 10 % of the apartments between the 45 and 55
percentiles were defined as apartments with average
use. The distribution of domestic hot water heating
within each group is presented in Figure 6 and Figure 7
for the two apartment sizes respectively. In these
figures, it is clear that there is a large variation in the
domestic hot water use within each group of low,
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average and high users of household electricity. In each
group, the lowest use of domestic hot water is, or is
close, to zero while there are large differences between
the highest use between the group. It is also clear that
the most of the percentiles of domestic hot water in
Figure 7 were in ascending order for increasing
household electricity which is expected since there was
a positive correlation.
Within each group of low, average and high use of
household electricity, as presented in Figures 6 and 7,
low and high use of domestic hot water heating were
defined as the 10 percentile and the 90 percentile
values. The use of household electricity for each group
is represented by the median value of its group which
means the 5, 50 and 95 percentile value of the entire
data set. By this way of defining the combinations of
household electricity and domestic hot water heating,
the rarest combinations were excluded.
The low, average and high household electricity use
groups were combined with the low and high domestic
hot water use groups to form 6 possible scenarios based
on the measured variation of input data. Table 1 and 2
presents the various user scenarios with their values of
annual household electricity use and domestic hot water
heating.
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Table 1 Different user scenarios in the one bed room
apartment based on combinations of low, average
(Avg) and high use of household electricity (HEL) and
domestic hot water (DHW).
USER SCENARIO
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Figure 7 Duration of annual use of domestic hot water
heating (DHW) in two bedroom apartments with
different use of household electricity (HEL).

140

80

60

High HEL
Average HEL
Low HEL

DHW/(kWh/m2)

100

40

HEL/
(kWh/m2)

DHW/
(kWh/m2)

13
13
25
25
51
51

1.4
16
7.2
36
12
63

40
20
0

0

20

40

60

80
100
Duration/ %

High HEL
Average HEL
Low HEL

Figure 6 Duration of annual use of domestic hot water
heating (DHW) in one bedroom apartments with
different use of household electricity (HEL).

Table 2 Different user scenarios in the two bed room
apartment based on combinations of low, average
(Avg) and high use of household electricity (HEL) and
domestic hot water (DHW).
USER SCENARIO
Low HEL, Low DHW
Low HEL, High DHW
Avg HEL, Low DHW
Avg HEL, High DHW
High HEL, Low DHW
High HEL, High DHW

HEL/
(kWh/m2)

DHW/
(kWh/m2)

14
14
27
27
50
50

3.0
18
9.7
38
9.6
52
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Space heating and heating demand
Figure 8 presents the space heating demand simulated
with different use of household electricity according to
the user scenarios presented in Table 1 and Table 2 for
the two different buildings and one and two bed room
apartments respectively. The space heating demand,
calculated with the average use of household electricity
in a one bedroom apartment was 4.4 kWh/m2 in
Building 1 and 75 kWh/m2 in Building 2. The
corresponding space heating demand in a two bedroom
apartment was 2.8 kWh/m2 in Building 1 and 65
kWh/m2 in Building 2.

Space Heating/(kWh/m2)
1 bed room

heating demand at an average use of household
electricity for one room and two room apartments
respectively. An even higher use than the 95 percentile
of household electricity would further decrease the
space heating demand in Building 2 while the use in
Building 1 cannot be lower than zero and hence an
increase in internal heat gains cannot be utilized in
Building 1.
The heating demand for both space heating and
domestic hot water heating was calculated based on the
calculated space heating demand, as shown in Figure 8,
and domestic hot water heating, according to the
various user scenarios in Table 1 and 2, Figure 9 shows
the heating demand for the one bedroom apartment in
the two buildings for the different user scenarios.
Figure 10 shows the corresponding values for the two
bedroom apartment.
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Figure 8 Calculated Space Heating demand in the oneand two bed room apartments at different use of
household electricity.
As seen in Figure 8, the different heat gains from
household electricity affects space heating demand
significantly. The difference between the lowest and
highest value on space heating in demand describes
90% of the users regarding use of household electricity
in the investigated material, values between 5 percentile
and 95 percentile in Figures 2 and 3. The user scenario
with a high use of household electricity resulted in that
the apartments in Building 1 did not need any space
heating while the user scenario with low use of
household electricity resulted in that the use of space
heating was 100% and 140% higher than the space
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Figure 9 Calculated heating demand in the one
bedroom apartment with different user scenarios.
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Figure 10 Calculated heating demand in the two
bedroom apartment with different user scenarios.
The heating demand calculated with the average use of
household electricity and average use of domestic hot
water was, for Building 1, 25 kWh/m2 in the one
bedroom apartment and 26 kWh/m2 in the two bedroom
apartment. In Building 2, the corresponding heating
demand was 95 kWh/m2 in the one bedroom apartment
and 88 kWh/m2 in two bedroom apartment. The heating
demand calculated with the median use of household
electricity and median use of domestic hot water was,
for Building 1, 21 kWh/m2 in the one bedroom
apartment and 23 kWh/m2 in the two bedroom
apartment. In Building 2, the corresponding heating
demand was 93 kWh/m2 in the one bedroom apartment
and 86 kWh/m2 in two bedroom apartment. The heating
demand calculated with the different user scenarios
varies quite much around the average heating demand
and the relative difference was higher for the low
energy Building 1 compared to Building 2.
In Building 2, the heating demand decreases with
increasing household electricity in the user scenarios
with low domestic hot water use while the heating
demand increases with increasing household electricity
in the user scenarios with high hot water use except
between medium and high usage in the 2 bedroom
apartment.

In Building 1, the heating demand increases with
increasing household electricity in scenarios with high
hot water use. With user scenarios with low domestic
hot water use, the heating demand is more or less the
same for the different values of household electricity.
Between the extreme scenarios "Low HEL, High
DHW" and "High HEL, Low DHW", in the one
bedroom apartment in Building 2, there is a difference
in heating demand of 32 kWh/m² when the difference
in household electricity is 38 kWh/m² and the
difference in domestic hot water is 62 kWh/m² between
the user scenarios. In Building 1, the corresponding
difference in heating demand is 52 kWh/m² which is
also the largest difference between user scenarios in
this building. The largest difference in Building 2 is
between the user scenarios "High HEL, High DHV"
and "High HEL, Low DHV" which gives a difference
in heating demand of 51 kWh/m² which is the
difference between the domestic hot water use in the
scenarios. In the two bedroom apartment in Building 1,
the largest difference in heating demand is between the
scenarios “High HEL, High DHW” and “High HEL,
Low DHW”, 43 kWh/m², but between “Average HEL,
High DHW” and “Low HEL, Low DHW”, 49
kWh/m², in Building 2. The difference between the
scenarios "Low HEL, High DHW" and "High HEL,
High DHW" in the one bed room apartment in Building
1 is 27 kWh/m² , while the difference between the same
user scenarios in Building 2 is 5 kWh/m². This means
that the difference between the two scenarios is much
larger, 22 kWh/m², in the energy efficient Building 1
compared to Building 2. The corresponding difference
in the 2 bedroom apartment is 21 kWh/m². Since a
smaller absolute amount of heat gains from household
electricity can be utilized in the energy efficient
Building 1, the use of domestic hot water has a great
impact in the total use of heating in these types of
buildings.

CONCLUSION
Household electricity and domestic hot water was
measured during one year in 520 one bedroom
apartments and 462 two bedroom apartments in
Sweden. The average annual use of household
electricity was 27.7 kWh/m² in one bedroom
apartments and 29.1 kWh/m² in two bedroom
apartments. The use varied between almost zero and 90
kWh/m2 in the different apartments. Average annual
domestic hot water heating was 20.1 kWh/m² in one
bedroom apartments and 22.8 kWh/m² in two bedroom
apartments. The use varied between zero and 140
kWh/m². There was a correlation between household
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electricity and domestic hot water, but it was rather
weak, with a coefficient of determination of 0.20 and
0.23 for the one bed room and two bed room
apartments respectively.
The performed simulations on heating demand and
space heating demand based on measured distributions
of household electricity and domestic hot water heating
use show that in order to predict energy use with a
reasonable accuracy, variations between users must be
taken into account. Furthermore, to determine the
impact that different users will have on a building's
heating demand, the analysis must be based on the
actual building.
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