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Abstract
Complete overview of energy use in a residential building is depends on many different factors.
When analyzing proper and effective ways for energy reducing/conserving systems, often times
only technological solutions for households appliances are considered. Human behavior has been
shown to be an important factor affecting the overall energy use in the household. Many aspects
of energy use are directly connected to user behavior and are affected by how the user utilizes
available systems.
This paper focuses on describing the mean influencing causes of human environmental
psychology based on study on a Swedish suburb community, called Fårdala. User behaviors and
actions affecting residential energy use are analyzed and presented in form of eleven (11) abstract
triggers to households energy use. Finally an energy monitoring system based on the findings are
purposed.
What is found from study on human psychology, shows that human behavior is mainly
controlled by three (3) key categories of behavior. Conscious/voluntary behavior, Socioenvironmental/cultural based behavior and Systemic/learned behavior. Out of the three, while
the last one poses as most influential on behavior related energy use, it is also the hardest to
affect and change. To effectively counteract the negative effects of user behavior on residential
energy use, energy saving devices should react more accordingly to the users and offer
engagement.
Such a system is an energy monitoring device, which allows for a “double-sided” communication
with the user. The user is presented with relevant information about real-time energy use of all of
the systems and is able to make changes on the fly. The system should also be able to learn and
apply energy saving actions based on user behavior.
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Introduction
The total energy use in Sweden is divided into nine (9) groups. It is largely dominated by three (3)
main sectors: residential-, industrial- and transportation sector. These three sectors together form
over 80% of countries total energy use during 2013. The residential buildings’ energy use share
was between 21-23% in 2013 (Swedish Energy Agency, 2013) (IEA, 2014). Although this is
common for the residential sector in OECD (Organisation for Economic Co-operation and
Development) countries (IEA/OECD, 2014), the importance of decreasing overall energy use
and implementation of energy saving measures (ESM) is increasing. The reason for this upsurge
is due in part to the rising energy costs as well as the Swedish Energy Efficiency policies
(IEA/OECD, 2011). One of the goals set by the European Commission in 2010 is a lowered
energy use by the year 2020 (EUROPEAN COMMISSION, 2010). Seeing that the residential
sector stands for a substantial part of Sweden’s energy use; and that there are roughly more than
2 million single-family homes housing approximately half of the Swedish population, a deeper
understanding of the energy use in these types of dwellings is of outmost significance (Björk &
Nordling, 2012).
Upon studying the energy use in single-family houses, a broad dispersion in the energy
distribution can be seen. This variation is noticeable both in energy source usage, but also in the
overall energy use between otherwise similar homes. Houses with same general layout,
geographic placement and build year perform drastically different (Yohanis, 2012). As a result, it
is hard to effectively draw conclusions and do pragmatic comparison between energy use in these
households without doing some generalizations. This is also true when investigating and mapping
out energy use in a single community where sites are physically similar. Several studies has been
conducted on ways to efficiently map out and understand the variations in energy use in
single-family households. Many of these are focused on plotting typical appliance energy usages,
leakage sources and suggest technological ESM.
An important element in the overall energy use of a single-family house is the sociological and
the behavioral energy use. This is one of the elements often left unaddressed or unaccounted for
due to its inconstant and mostly unquantifiable nature. In separate studies, (Hiller, 2014),
(Palmborg, 1986) and (McDougall, et al., 1980) all indicate the importance of behavioral related
energy use and point out the need for effective ways of affecting and encouraging energy
conversation behaviors.

Research objectives
The main aim of this paper is to give an insight on the effects and correlation of human behavior
and energy use in single-family homes mainly built during Miljon Programmet, in Sweden. The
most important behavioral factors are mapped out. Finally a more effective way to affect and
invite energy savings is suggested in form of an energy monitoring system (EMSys).
The empirical material in this paper comes from a survey conducted in Fårdala community
located in Tyresö municipality, and focus is purposefully put on a range of behavior-related
parameters such as the residents’ daily routines and number of inhabitants etc. The theoretical
overview is gathered from various literatures and papers, focusing both on behavioral psychology
and energy behavior in residential houses.
9

Methodology
An extensive literature study is conducted to gather background information and to understand
the human behavioral psychology. The theoretical background in this paper is grounded on
previous similar papers and researches on the subject of energy-related behavior in homes.
To effectively map out the energy use correlated with certain daily activities, a survey is
conducted. The participants are asked to answer questions regarding routines and the everyday
behavior using a questionnaire. Further, interviews are done with certain households to establish
a more in-depth understanding the energy use. The obtained data is analyzed and put into charts
to find characteristic activities that affect energy use.
Computational models of the single-family homes in Fårdala are developed using real life
properties. The base-load yearly heat demand is simulated using Design Builder in order to study
and compare the energy use with actual cases. Time diaries relating to everyday behavior are
analyzed and used where data from the questionnaire is not sufficient.
In accordance with the results of the questionnaire and simulations, a rough EMSys outline is
purposed in form of a flow chart. The goal is to suggest an approach for effective energy saving
technology that takes user behavior into account, and promotes energy conversation behaviors in
residential dwellings.
To conclude, the results of the study is documented and presented in form of a report and a
presentation.

Boundaries and Limitations
Data gathering is limited to the site Fårdala community, a total of 180 single-family houses built
during 1965-1975. Hence the results might not be applicable outside Sweden/other geographic
locations with differences in climate and culture.
Houses in Fårdala community have separate district heating (DH) and electricity source. Whereas
large amount of detailed data is available on DH use, residents household the electricity
individually using different providers. This means that the statistic and the total energy use
(electricity + DH) can solely be based on the survey and interviews. Because of this, there is also
a restriction on the number of “valid data” which is decided by the number of participants
partaking in the survey.
Analysis of energy use is done only on systems available inside the community boundaries. No
communal systems are looked at. Also changing energy sources is not investigated since the costs
of implementation is not feasible for the community and falls outside of the scope of this paper.
Distribution of the demographical group of the residents in the area is wide spread, consisting of
both families with children and seniors. This could mean an even array in the obtained data for
the results.
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Background
Energy use in Sweden
The increasing energy use is becoming a more prominent issue in European Union (EU) and
Sweden. (Liu, et al., 2014) In Sweden the largest share of the total energy use consists of the
industrial sector followed by the residential sector (Swedish Energy Agency, 2013). Figure 1
below reflects the energy use share of the different sectors in Sweden for the year 2013.
Total final energy use by sector, 373 TWh

Industry

Construction

Agriculture
Public services

Forestry
Other

Transport
Fishing
Residential

Figure 1 Total energy use in Sweden divided by sectors, 2013. (Swedish Energy Agency, 2013)

Further analyzing the energy share of the sectors with focus on residential sector, it is apparent
that about 23% of the energy use nationally constitutes of this segment alone, as shown in
Figure 2. Using data presented by Swedish Energy Agency (Energimyndigheten) about energy
statistics for dwellings and facilities, the energy use for this sector can reasonably be divided.
Almost 40% of the residential sector’s energy use, corresponding to 10% of the total energy use,
is comprised of single-family homes as seen in Table 1 (Swedish Energy Agency, 2014). In the
same table a considerable difference between heat sources usage is apparent, while apartments
and facilities rely mostly on DH for heating, almost 70% of the heating energy used in
single-family homes come from direct electric heating (Swedish Energy Agency, 2014). A closer
look at Sweden’s energy source division from the year 2013, reveals that electricity use is posing
as the largest share, seen in Figure 3. According to IEA (International Energy Agency) residential
sector is the second largest electricity user after the industry sector with roughly 30% of the total
electricity used in 2012 (IEA, 2012). A direct factor in electricity use, as established by (Yohanis,
et al., 2008) is the floor area. With more and more single-family houses built each year in Sweden,
the total heated area in single-family homes has risen with 16%, from 254 million m2 to
297 million m2, since the year 2002 (Swedish Energy Agency, 2014). This simply means that the
potential for decreasing energy use in this sector is advantageous to the whole energy division.
Table 1 Summary of energy statistics for dwellings and facilities in Sweden, 2013. (Swedish Energy Agency, 2014)

Electric heating [TWh]
DH [TWh]
Oil [TWh]
Household electricity [TWh]

Facilities
3,3
17,9
0,5
0,4

Apartment
1,3
23,0
0,2
0,7

Single-family houses
14,7
5,8
0,9
8,6
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Share of total energy use in %/sector
1%
2%

23%

1%

0,3%

5%

8%

Single-family
houses*
10%
38%
Apartment/Facilities*
13%

Industry

Transport

Construction

Agriculture

Forestry

Fishing

Public services

Other

Single-family houses*

Apartment/Facilities*

Figure 2 Share of energy use for the different sectors, Sweden 2013.
* Shares of the energy use in the residential sector is based on study by Swedish Energy Agency, 2014 (Swedish Energy Agency, 2014)

Figure 3 Total energy use in Sweden divided by energy sources, 2013 (Swedish Energy Agency, 2013)

Although the number of households and buildings has been increasing steadily in Sweden, the
overall energy use in the residential sector has remained largely unchanged since 1983 (IEA,
2014). This is most likely in large due to introduction and adoption of new energy regulations and
improved construction methods since the 70’s. Figure 4 shows the steady rate of the energy use
in the residential sector after 1983, as can be seen in the right-side graph. There has been several
regulations and building codes introduced, as well as many incentivized labels such as Green
Building, Passive House and Miljöbyggnad (Environmental Building). The initiation of these in
conjunction with several energy efficient technological breakthroughs can be seen as a major
cause for this stable trend (IEA, 2014) (Boverket, 2014).
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Figure 4 Energy use share for the residential vs. non-residential buildings in Sweden. The graph to the left shows the overall use each year,
while the graoh to the right shows the share in percent. (IEA, 2014)

But one important issue remaining is the energy use in older buildings. While implementation of
energy saving technologies and more strict building codes has managed to keep the energy use in
this sector at a constant level; a decrease in energy use is not going to be possible without paying
attention to the existing high energy users. A study done by the Swedish Energy Agency on the
energy use in single-family homes in 2012 showed that houses built the year 1970 and earlier
presented a considerably higher energy use per square meter in comparison to newer houses
(Swedish Energy Agency, 2013). Table 2 shows the average energy use per household and per
square meter in single-family homes. Almost all of single-family houses built after 1968 followed
the old SBN (Swedish Building Norms) building code, which put more weight on construction
and material use, but mentions almost nothing about energy and energy efficiency. This standard
replaced the even older building codes which until then didn’t put any requirements on insulation
and material choice (Kungl. Byggnadsstyrelsens publikationer, 1960) (Statens planverks
författningssamling, PFS, 1967).
Coupling the high average energy use from dwellings built before the year 1975, with the
statistically high number of constructed single-family houses during that period in Sweden,
(Statistiska centralbyrån (Statistics Sweden), 2014) it is once again evident that there should be
more focus put in this area.
The problem with energy use in residential buildings, and more importantly older single-family
homes, arises when the total energy use is considered during the life-cycle of these constructions
(Bengts & Johansson, 2011). Although the energy use varies in different geographic locations and
climates, according to studies, almost 84% of the total energy used during a buildings life cycle
comes during its operational phase in form of heating, ventilation, hot water (HW) and electricity
(World Business Council for Sustainable Development, 2008). Therefore this phase, the actual
operational period, is investigated. This includes the implemented energy systems, household
appliance and users.
13

Table 2 Energy use (household electricity not included) per house and per square meter in single family homes based on construction period. (Swedish Energy
Agency, 2013)

Construction year
-1940
1941-1960
1961-1970
1971-1980
1981-1990
1991-2000
2001-2011

MWh/house
20,1 ±0,9
18,6 ±1,2
16,8 ±1,1
14,4 ±0,6
13,3 ±0,7
14,3 ±1,1
13,4 ±1,3

kWh/m2
132,1 ±6,2
130,2 ±8,1
112,3 ±7,9
94,7 ±4,1
97,5 ±4,3
102,4 ±8,1
85,1 ±9,0

Miljonprogrammet
The post-world war II-era was characterized by an extremely immense growth in Sweden’s
industry and business as well as the population (Vidén & Lundhal, 1992). The development in
business and industrialization quickly led to massive urbanization rate. Despite the increased rate
of expansion in the cities, the demand for industry workforce could not be met and labor had to
be brought in from the outside. During a period of 20 years, the total population in Sweden had
increased with almost 1 million with large concentration in major cities (Eriksson, 1994). At the
same time, the housing policy was largely dominated by a politicized housing market. The
Ministry of Finance’s (Finansdepartementet), Home Office (Inrikesdepartementet) and
Residential Board (Bostadsstyrelsen) all had very different solutions for solving the extensive
waiting lists for housing. During 1964, about 400 000 people were put on waiting lists to get a
house, mostly due to the previous regulations on the rents in 1942 and the high rate of
immigration (Jörnmark, 2000).
Finally, as an answer to the immense housing shortage, the Swedish parliament passed a bill on
1965 granting the build of 100 000 new homes each year during a period of 10 years (Riksdagens
protokoll, 1965). This initiative essentially led to what is known as “Miljonprogrammet” where
almost 1 000 000 new apartments and single-family houses were erected. This period, 1965-1975,
saw an increase of new construction sites for new buildings with about 60% (Warfvinge, 2008).
Figure 5 shows the number of new single-family houses constructed in Sweden since 1960’s. The
construction rate and the sheer number of housing units erected during Miljonprogram-era is
unique. No other year after 1975 has seen the same number of houses being constructed.
Almost half-way through Miljonprogrammet, a few years into the 1970’s, the housing shortage
turned into a housing surplus because of economic stagnation and the rapid development of
buildings (Hall & Vidén, 2005) (Ramberg, 2000). At the same time, criticism about poor
construction quality and performance of the houses started coming in. To keep up with the rapid
rate of construction, and to help keeping the labor and construction costs down, mass
production and precast structures were considered necessary means (Hall, 1999). This lead to
uniform and dull looking buildings where construction defects and shortcomings were “copied”
over across the slate.
Miljonprogrammet residences make up roughly 25% of the total houses in Sweden at present.
According to a collaborative project between PEAB, Sydtotal and Lunds Technical University in
14

2010 on energy saving possibilities of the Miljonprogram houses, 720 000 of 830 000 units are in
acute need of renovation (Burke & Lindhe, 2010).

Number of new single-family houses constructed per year 1960-2013
Numer of dwellings
60000

50000

40000

30000

20000

10000

0

Years
Figure 5 Number of newly built single-family homes per year in Sweden. Yearly construction has never been close to Miljonprogramm-era 1965-1975. (Statistiska
centralbyrån (Statistics Sweden), 2014)
*Values for the number of single-family homes before 1960 is estimated based on (Warfvinge, 2008)

As previously discussed, Miljonprogrammet’s housing construction was guided primarily by SBN
and BABS (Byggnads-styrelsens anvisningar till byggnadsstadgan) (Boverket, 2014) which
evidently had lower or next to no regulation on energy conservations and energy efficiency. The
average energy use for a single-family house built during this era is roughly 112 kWh/m2, as seen
in Table 2. This value does not take household electricity into account. But looking at previous
Table 1, it is apparent that single-family houses in Sweden have the highest household electricity
use. Data for the household electricity from (Swedish Energy Agency, 2013) results in an addition
of 30 kWh/m2 to the total energy use per household for electricity use. As a result the total
average energy use per house per square meter during Miljonprogrammet gets to roughly
140 kWh/m2.
Since these houses were built ‘en masse’, they are construction-wise rather similar. This fact also
leads to the units having almost equal energy technical performances (Warfvinge, 2008) (Vidén &
Lundhal, 1992). Often times there is only a thin layer of insulation behind the façade, the
construction allows for high thermal bridges where building components connect to the building
envelope and the building envelope itself is not air tight (Warfvinge, 2008). The building materials
of the dwellings lead to major heat transfers and generally have rather high heat transfer
coefficient (U-values). According to Warfvinge (Warfvinge, 2008) the windows in houses built
during the era have a U-value of 3,0 W/m2K. A comparison of the average U-values of windows,
walls and ceilings are shown in Table 3 below. The table sorts the heat transfer coefficient of the
15

different building components based on applied building codes of the period. Certain studies on
the construction of the Miljonprogrammet houses has shown the inadequate insulation in the
walls and the roof, were for example only 10 cm of insulation is in place while the minimum
standard amount is 20 cm (Shafqat, 2011).
Table 3 Comparison between average u-values on houses built in regulation with the different building codes. (Carlson, 2003) (Kildsgaard
& Prejer, 2011)

Period

Norms/Code

1960-1967 BABS 1960
1968-1974 SBN 67 / BABS 1967
2014 BBR21/BFS 2014:3

Average U-values [W/m2K]
Windows
Walls
Ceiling
2,78
0,8
2,78
0,4-0,8
0,25
<1,3
0,18
0,13

The insufficient insulation in big parts of the dwellings, weak and leaky building envelope and use
of dated energy systems lead to major energy and indoor comfort problem for the residents in
Miljonprogrammet houses. Often time hot water usage is high, air distribution and heating is
uneven and there are seldom any energy monitoring devices present (Warfvinge, 2008).
Although there is great energy saving potential in Miljonprogrammet buildings, which would
effectively lower the impact of the residential sector on the overall energy division, there are next
to no investigations from officials. Unfortunately there is even less work being actively done to
help the poor condition of these houses, unless the communities decide to invest on
refurbishment themselves. One of the main issues is analyzing the energy use in these areas. As
previously stated, many of the houses lack any means of monitoring and recording of the energy
use. Furthermore, the many different factors playing into the energy use in these houses make it
difficult to conduct researches. Therefore, most studies on this area generalize the systems and
focus most on the energy systems. But one of the more detrimental contributors to the overall
energy use in the residential buildings is the user behavior. Forming an understanding of the
energy related user behavior will help reduce energy use in the residential sector and at the same
time promotes better ESM.
The energy situation and possibilities of savings in Miljonprogramet houses can be summarized
in a few bullet points:





Easy to renovate, due to simple construction.
The houses are similar in many ways, especially from an energy performance standpoint
(Warfvinge, 2008). Making for a “one-solution-fits-all” without the need of much
alteration.
Most lack monitoring systems and complete energy logs are missing, leaving room for
further study and incorporation of different saving measures.

Importance of behavioral analysis & behavioral related energy use
‘Behavior related energy use’ in this paper refers to the energy used as a direct result of the user
behavior/actions; both because of the day to day routines, but also user motivation and
knowledge about energy use. This factor, often disregarded in traditional studies regarding ESM,
16

is a deciding aspect and plays a major role in the energy use level in residential buildings
(Palmborg, 1986) (Carrico, et al., 2011) (Steg, 2008) (Stern, et al., 2010).
Looking at a residential single-family home as a complete system, several dynamics can be named
to make up the overall energy use. Physical attributes of the building itself; such as build year,
livable area and material, heat loss through conduction, convection or radiation all play an
important role. But also number of people living in the house, their personal comfort level and
habits decide how and where energy is utilized in a house. Figure 6 is a diagram of some of the
factors affecting the energy use in a single-family house.

Figure 6 Typical mechanisms and factors effecting energy use in residential houses.

As mentioned in previous sections, there has been extensive research and development on energy
efficiency measures and technologies. Most of, if not all of, the governmental and national policy
measures for reduction of the energy use in the residential sector are focusing on appliance
efficiency and more energy efficient apparatus (IEA/OECD, 2011). Although positive, the
energy use based on the human behavior needs to be understood and accounted for in energy
calculations and in designing new conservations methods; as success of an ESM depends on it
actually being purposed in the households by users. As suggested in other papers; large variations
in the energy usage between comparable dwellings is not purely due to technical differences, but
rather are significantly influenced by user behavior (Hiller, 2012) (Nylander, et al., 2006) (Pratt, et
al., 1993) (Palmborg, 1986). Behavior related energy use in a residential household includes
everyday tasks such as turning the lights off after leaving a room or adjusting indoor temperature,
but is shaped also based on the overall attitude of the user. The user can have direct effect on the
energy situation (i.e. electricity, gas and fuel use) but can also affect the energy indirectly
(consumption and disposal of goods, as part of a products life-cycle). Although it is generally
difficult to quantify potential savings made based on change in behavior-related energy use, many
estimates have been done. In a study by Lindén and others on the energy behavior of 600
Swedish households, a significant decrease in energy use is proposed merely by change in user
behavior (Lindén, et al., 2006). This study ranks different energy influencing behaviors as being
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“efficient” or “inefficient” and derive at a potential energy saving by almost 20% simply by
restricting the “inefficient behaviors” (Lindén, et al., 2006).
This theory is also supported by other studies in different papers where the potential savings due
to behavior restrictions or change range from 10% to 20% (Carlsson-Kanyama, et al., 2005)
(Palmborg, 1986) (Gardner & Stern, 2008). Seeing the potential for substantial energy savings in
this area, it seems apparent that behavior related energy use would be prioritized. But the matter
of fact is correction of user behavior promoting energy savings is rather complicated. Comfort,
effort, culture and social status all play a vital role in the effectiveness of ESM, not only
environmental concerns or energy costs (Stern, 2000) (Steg, 2008).
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Human behavior
Understanding key drivers behind user behaviors and habits are important components in
mapping out the complete energy use in residential buildings. To accurately address the energy
use based on user actions, first the psychology of individual behavior must be discussed. The
correlation of behavior (thoughts, habits and decisions) has been linked to individual sociopsychological studies (Carlsson-Kanyama, et al., 2005) (Kissileff & Ladenheim, 2013) (Ambady,
et al., 2000). By analyzing this element, ESM’s can be better adapted to work and adjust alongside
the user. By effectively map out the behavior-related energy use and comprehend the causes,
development of appropriate ESM’s could mitigate the negative impacts of users on energy
savings.
The American Psychological Association defines the term behavior as ‘the actions displayed by
an organism in response to its environment.’ (The American Heritage Science Dictionary, 2014)
The term applies to the cognitive and physical activities of an organism. Regarding the impact of
behavior on energy usage, it has been stated in several studies that behavior change could lead to
significant energy savings (Palmborg, 1986) (Carlsson-Kanyama, et al., 2005) (Gardner & Stern,
2008). But the degree to which individual behavior can reduce energy use depends on several
properties. In an article by Dietz and others (Dietz, et al., 2009) the most important behavior
factors leading to energy savings are described as (i) the impact the behavior has (i.e. kWh saved
because of a certain behavior change), (ii) number of people in the household adopting the
behavior and (iii) the overall percentage of people who are able/willing to change the behavior
(also called ‘plasticity’) (Dietz, et al., 2009). The plasticity is hence based on the quantity of new
adopters that could be adopting the changed behavior. In the same article, the authors debate
that actions requiring less time to perform and at the same time force smaller behavior change,
such as airing out pattern, show the highest plasticity. They also discuss the possible and most
effective ways of intervention for behavior change adoption, ranking individual social marketing
and policy tools as the most effective tools. (Dietz, et al., 2009) (National Research Council,
2002)
Human behavior is shaped and influenced by a variety of factors ranging from cultural
background, social status, economic forte, age group, gender and personal preferences (Sopha,
2011) (Klöckner, 2013). Analyzing the residential behavioral energy use, three main theories are
generally accepted and most commonly used in papers on environmental psychology (Sopha,
2011) (Klöckner, 2013). The Theory of Planned Behavior (TPB) (Ajzen, 1991) focuses on the
“reasoned” actions or behavior that the user is in control of, the rational part of human behavior.
Norm-activation theory (NAT) (Schwartz & Howard, 1981) details the systemic or “automatic” part
of the human behavior, the actions based on moral beliefs. Finally (Stern, 2000)’s Value-BeliefNorm theory (VBN) revolves about ecological and cultural norms affecting the human behavior.
To fully realize these theories into a comprehensive model for energy-related behavior, certain
“drivers” behind the psychological actions are investigated.
In a study, (Klöckner, 2013) proposes a complete model of the environmentally psychological
human behavior which bases its ideas on the theories mentioned above. Figure 7 shows the
causes and relations to different weighed behavioral treats. The author also discuss the
likeliness/possibility of change in certain “categories”. Some factors such as personal conscious
19

habits (awareness of consequences, self-enhancement values) have mediated influence on
behavior, while other norms such as social models impact the user behavior drastically (Klöckner,
2013) (Abrahamse & Steg, 2009).

Figure 7 Graphical flow-chart on the human behavior based on the psychology of environmetal behavior. Showing the effects of social and
environmental as well as how personal habits affect the behavior of a person. (Klöckner, 2013)

Klöckner explains environmental behavior as the correlation between the pooled behavior-model
variables described in Figure 7. User behavior is intensely influenced by intentions and personal
norms. These factors are in turn motivated by attitudes, the awareness of consequences and
social norms. The model supports the idea that the individual personal norms are guided by
social norms and the attribution of responsibility (Klöckner, 2013). This essentially means that
energy user-related behavior of the user is also grounded in these variables. It is therefore
important to consider individual intentions and attitudes, as well as habits and social norms etc.
into account for provoking energy saving mentality in users.
Further analyzing the behavior related energy use in the residential sector, studies in the
environmental psychology domain suggest that while the user-related energy use is decided by
socio-demographic variables (age, culture etc.), these factors are not driving for promoting
changes in the energy use and are more related to cognitive behavior (Abrahamse & Steg, 2009)
(Abrahamse, et al., 2007).
Based on the previously mentioned psychological theories and the works mentioned, human
behavior can be generalized into three (3) distinct categories (i) Conscious or voluntary behavior,
(ii) Social-environmental/cultural norms and (iii) systemic/altruistic behavior.
As many papers describe, the effect of the conscious or coluntary habits (i) on overall energy-use
related behavior is small but at the same time is the easiest to target (Abrahamse & Steg, 2009)
(Ajzen, 1991) (Lindén, et al., 2006) (Palmborg, 1986). This is while the environmetal, social and
cultural norms, (ii) & (iii), shape a much larger share of the user behavior. Finally the systemic
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and “personal values” poses as the largest factor to the user-related energy use, as it can have a
negative influence on the other categories and is also the toughest to alter (Klöckner, 2013).
Figure 8 illustrates human behavior divided into three (3) distinct categories reflecting the
exhibited relations of social and individual elements. The model is utilized in describing specific
energy altering user behaviors.

Conscious/voluntary
behavior

Socioenvironmental/culture
based behavior

Systemic/learned behavior

• Easy to change/target directly

• Shaped by norms in
collectives and cultures

• Hardest to target
& less prone to
change in older
demographic

Figure 8 Graphical abstract of the three main categories affecting behavior in residential energy use.

I. Conscious/voluntary behavior (based on Theory of Planned Behavior (TPB))
Many actions taken during our day to day life are voluntary and conscious habits. This category
includes for example some habits like TV watching time or airing out. The conscious part of the
human behavior takes up a small part in the daily energy use. It is decided by the user’s intent to
deliberately engage in a specific behavior (Wall, et al., 2007). Since this part is knowingly
controlled by the user, it can be directly affected by targeting and appealing to the user.
In his paper, Ajzen describes the conscious behavior in TPB as being “dependent on both
motivation (intention) and ability (behavioral control)” (Ajzen, 1991). Human behavior is
described as being regulated by six (6) variables, divided into three (3) groups. Figure 9 represents
the six (6) main parts in TPB. First group, “Behavioral Beliefs” and “Attitude Toward the
Behavior”, decides a person’s attitude toward a given action. This belief could either positive or
negative and is highly influenced by the other two subgroups. An example is the behavioral belief
that a certain activity “Will lead having a poorer physical health”, and hence negatively impacts
the individual attitude towards the behavior (Ajzen, 1991).
The Second component, “Normative Beliefs” and Subjective Norm”, weighs in the individual
prerequisite to fulfil a referent’s expectation. In this theory common referents needs are identified
as a person’s spouse or partner, close family and friends, or depending on the behavior,
coworkers, health professionals and law enforcement authorities (Ajzen, 1991).
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The third group, “Control Beliefs” and “Perceived Behavioral Control”, is part of the directly
influenced behavioral control. This has to do with the person’s perceived ability to perform a
given behavior, evaluated based on several factors such as comfort, physical strength and
knowledge.
Based on this model, conscious behavior change in individuals is possible with enough incentives
and “control belief”. Hence individualized social marketing and media campaigns are important
ways of engaging attitude change towards for example ESM and increasing knowledge. It also
shows how the user “Conscious/voluntary behavior” is closely intertwined with their beliefs. By
presenting the ESM and making a case of how the desired action (in this case saving energy using
the ESM) is either (i) easier or (ii) more financially attractive, the user can make a conscious
choice about altering their behavior (Dietz, et al., 2009).

Figure 9 Variables and their relations in The Theory of Planned Behavior (TPB) (Ajzen, 1991).
Source: Bostin University’s School of Public Heath

II. Social-/cultural based behavior
Social behavior refers to behaviors and actions taking place between and stem from a group
mentality in the same species (Elster, 2007). This type of behavior is dependent on the social and
cultural norms, or what is deemed “normal”, and the social status of the users. There is also an
environmental part in this category which constitutes of geographical placement of the user. The
differences on energy use can be dramatically different based on the research country for reasons
like weather and light-hours. But there are many other social variables at play.
In a study on factors influencing energy by (Hiller, 2014), the energy use in residential buildings
are directly correlated to social/cultural user behaviors. Hiller conveys users reporting higher
energy use during the weekends in colder climates like Sweden compared to weekdays. As a social
norm, both males and females maintain day jobs at a ratio of 1:1 (one working male for one
working female) (Statistiska centralbyrån (Statistics Sweden), 2014) which means that residential
energy use will generally be lower during weekdays (Hiller, 2014). As opposed to other European
countries like Turkey, where ratio of working males to females is 5:2 or Hungary, were the same
ratio is 1:2 (United Nations Economic Commission for Europe (UNECE) - Statistical Database,
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2012). This results in the daytime domestic energy use being higher in these countries compared
to Sweden.
Japan vs. Norway – a study of social and cultural norms
In an article on cross-cultural household behavioral energy use, (Wilhite, et al., 1996) discuss the
differences between energy use based on user behavior in common households in Japan and
Norway. Major cities in both countries have similar infrastructure and the living standards are
generally high. Main differences in the residential sector is in the amount of insulation and energy
prices, both affected because of the geographic placement of the two countries.
The study starts by deliberating the work patterns and gender roles, the social norms, in both
countries. For example they describe the working male to female ratio as 15:7 in Japan while for
Norway that ratio is much closer to 1:1. At the same time, the authors found that while more
than 80% of men in Norwegian households participate in household chores, next to no men do
the same in Japan (Wilhite, et al., 1996). Aside gender roles and social norms, the cultural based
norms also dictate the user behavior. For example, the work hours in Japan are generally longer
than 12,5 hours per day whereas Norway is much closer to Sweden with 8-8,5 hours per day.
This drastically alters the way energy is utilized in households and who the users are. The deep
seeded cultural differences between the two countries pose as a key influence on the residential
energy use. During cold season, Norwegians, much like Swedes, tend to heat all the rooms in the
house, allowing for free movement between them. For heating a combination of central heating
systems and/or electrical heating is used. The whole family is seldom gathered in a single room,
especially households with teenagers. Japanese culture holds family values and intimacy much
higher and hence households often prefer point-space heating, meaning heating only a small part
of a single room. For this reason, a Kotatsu or “foot warmer” is used, pictures in Figure 10.
Another type of point-space heating system used is electric carpets (Wilhite, et al., 1996).

Figure 10 A traditional Japanese Kotatsu or ‘foot warmer’ used during cold winter nights. Source: Sjschen (Sjschen, 2008)

The social and cultural behaviors ties into what is perceived as ‘comfortable’ and what behavior
as ‘acceptable’. It is “decided” in a collective and is prone to gradual change. The differences
between environmental user behaviors are not necessarily national, meaning that deviation in
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behavior can be seen in different regions and age groups. As an example, the energy use picture
in major cities and rural communities are often extremely different. For this reason, it is
important that promotion of ESM’s and development of energy conservation technologies take
the social norms into consideration.
Innovation Adoption Lifecycle
Successful implementation of ESM technology is highly dependent on the socio-psychology of
the users. Not only has it to positively affect and encourage saving behavior, be cost effective and
result in a considerable energy conservation, it must also appeal to the social and cultural norms.
Even if an ESM follows all the suggested practical and psychological criteria, there would still
take time for it to become widely accepted by the population or become “mainstream”. The
adoption rate of a new technology can be described by the technology adoption lifecycle, a proposed
sociological model to describe the acceptance of a new innovation by users (Bohlen & Beal,
1957). This model has been embraced by sociologist and further adopted to describe spread of
innovations (Rogers, 2003) (Savage, 1985).
Basic principal of this model is dividing the population into five (5) groups based on
psychological and demographical profiles, seen in Figure 11.

Figure 11 "The diffusion of adoption" based on (Rogers, 2003). Bell-curved blue line shows the groups and percent of adopters. The
yellow line shows the total market share of the technology. Source: (Hvassing, 2012)

The Innovators and Early Adopters, together forming 16% of the population, are the most
important groups in deciding the success of a technological innovation. These group of people
are often of a higher social class and are much more educated. They are more prone to taking
risks and more interested in the technology rather than the cost (Rogers, 2003). Important
considerations of the technology for these groups are (i) ease of use (complexity), (ii) its relative
gain compared to older technology and (iii) its potential for being used in other circumstances
(Rogers, 2003) (Greenhalgh, et al., 2004). Applying this theory to ESM technology, it means that
the technology needs to appeal to the knowledgeable group of people who are also interested in
ESM. It must also be intuitive to use, not deviate too much from existing tools and most
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importantly encourage expansion. The collective social norms after that will decide the success of
the technology based on the technology adoption lifecycle.

III. Systemic/learned behavior
The largest part of the human behavior is as a result of routines, personal values and beliefs.
(Stern, 2000) The personal values, shaped at a very young age, defines the ecological worldview
of the user and defines the personal norms. Figure 12 shows the relations between human
behavior and personal norms and values. As opposed to deliberate (conscious) actions, the
systemic behavior is mostly based on repeated behavior. The strength of the habit, meaning how
open to change the behavior is, is defined by how often the action is performed and for how
long. Changing the systemic habitual behavior is notoriously difficult as the demographic age
rises (Ouellette & Wood, 1998) (Klöckner, 2013).

Figure 12 Value-belief-norm theory (VBN). Stern shows how the personal values have an effect on behavior. (Stern, 2000)

The effect systemic behavior can have on energy use in a household is enormous. Since for the
most part it is about frequently recurrent behaviors, a “negative” habit, such as showering with
very hot water, can alter the residential energy use significantly.
Personal norms differ tremendously between users, even in the same household. It is based on
personal comfort level and knowledge. This could hinder the potential of a certain
ESM technology by not lining up with user comfort. In a study, the comfort and speed of a
certain technological device was compared based on users’ personal understanding. This device
offered a ‘deep sleep’-mode which would result in energy savings. Many users avoided this mode,
arguing the longer wake-up time was “very irritating” while many were not aware of this mode at
all and needed more education about it (Lindén, et al., 2006).
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Case study – Fårdala Community
A case study is conducted to gather relevant and real-life information about the behavior and
energy use in single-family houses in Sweden. The theories about behavioral related energy use
discussed in previous parts are used as base in carrying out the study.

Project research site
Fårdala community is a great example of building project during Miljonprogrammet. Numerous
houses in Tyresö municipality, located to south-east side of Stockholm, were constructed during
1965-1969. The community consists of roughly 180 single-family residents, containing two
different dwellings sizes divided into three (3) areas. Figure 13 shows a satellite image of the
community. Tallen consists of 79 dwellings and Eken consists of 55 dwellings. Houses on these
areas are 1½-2 story buildings, with approximately 120 m2 livable space. Valen, with 44 singlefamily houses, have the largest homes by square meter with about 155-160 m2 (Ghasemi, et al.,
2013). The houses in this district have generally been shown to be suffering from energy leakage
due to envelope and insulation weakness.
Fårdala is one of the few Miljonprogrammet communities which use district heating (DH) as
main heating source. The Fårdala housing association is responsible for acquisition of heat to the
whole community, which is distributed from a central heating substation. DH is provided by the
Swedish power company, Vattenfall, and is used for space heating, domestic hot water (DHW)
and HW circulation. During 2012, almost 3 430 MWh of heat was used in Fårdala community
(Ghasemi, et al., 2013). Household electricity is based on individual contracts and providers are
chosen by each household. There is henceforth no common information about the total

Figure 13 Fårdala community located in Tyresö municipality in Stockholm. The three (3) areas are marked in red on the satellite image.
Source: maps.google.com
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electricity use in this area. This information can only be gathered from each separate company,
and may vary in how it is reported.
Unlike many Miljonprogrammet communities, there is a rather sizable amount of data available
on the total and individual DH use, outlining both DHW and space heating, thanks to installed
data loggers. But still, to realize the complete energy picture in the area the electricity usage data is
needed.
The average heating use (95 kWh/m2) falls below the stated average for building constructed
during this period (Table 2), one explanation for this could be due to the heating source in
Fårdala. Despite this, there is a very large spread in the energy use (DH) in this area even though
most of the houses are in very similar condition. The majority of the houses in the community
have not undergone any major renovations, only a handful of residences have opted for extra
insulation in the attic space. Also, in a previously conducted study in 2013, it was found that the
households used energy-wise comparable appliances. Hardly any of the households have any
extra ESM in place, and the ones who do, use fairly old technology (Ghasemi, et al., 2013). Figure
14 is a table with the DH usage of all 180 households in Fårdala community. The difference
between the lowest DH-using household and the highest DH-using household is tremendous.
Taking into account that almost everything except the inhabitants are technologically comparable,
another factor explaining the energy record must be found. Therefore a behavioral analysis on
the Fårdala’s population is a valid case.

Figure 14 Total DH usage in Fårdala, devided into heating and hot water. There is a rather large spread in the energy use, area-wise but
also overall. Source: (Arias Hurtado, 2014)
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Research data gathering based on actual statistics
To accurately reflect Fårdala community’s energy use and the possible influencing causes, and
integrating these in models for simulation, additional data was needed. Except missing electricity
usage data from the individual residents, there was no behavior data available.
To collect sufficient data about Fårdala households, a survey study was planned. An
informational website was created, launched and released. The main purpose of the website was
to encourage the visitors to partake in a questionnaire highlighting energy use and everyday
habits. The website detailed project goals and described the background. The questionnaire,
found in ‘Appendix I. Questionnaire form, specified for residents in Fårdala’, containing 25 questions for
the residents of Fårdala, was designed to cover background information about the residents and
the household, the electrical energy use and the environmental and daily habits. Questionnaire’s
part about behavior contained a set of question outlining airing out habits, cleanliness and type of
appliances installed in the household. Since the results from the questionnaire was in part to be
used in comparison with simulated scenarios, the energy behavior questions were chosen after
the standard recommendations about heating and DHW, found from the Swedish Energy
Agency (Swedish Energy Agency (SEA), 2014) and Swedish Consumer Agency (Boverket, 2013).
This allows for comparison between the available typical values and the real usage values. The
questionnaire also focused on the demography of the participants, the age group has been shown
to be an important factor to the overall energy use in residential households (Hiller, 2014).
Interviews with selected households showing ‘interesting’ deviations were carried out. Users with
very high or very low overall energy use were interviewed, directing questions about daily
routines that could potentially lead to energy use digressions. Other households were chosen to
participate in interviews since they had installed different ESM technologies. Strive throughout
the discussions with the residents was understanding the psychology and reasoning behind
certain actions/choices. Most specifically, set points of certain systems and habits of the
inhabitants. Another important discussion topic was users perceived energy use, how they
themselves saw their energy use. The general format of questions can be seen in ‘Appendix II.
Interview question for households in Fårdala’. This general user attitude towards energy use, shows the
knowledge level and their willingness to partake in energy saving.

Modeling
Since quantization of human behavior is problematical, a reasonable way of comparison is by
using abstract input values. In this report, the actual overall energy use of the households
participating in the survey is compared with a ‘base-load model’ and a ‘normalized model’ where typical
values regarding behavior is used to simulate human activity. Both of these models are
constructed using real life data from buildings in Fårdala community, reflecting the physical
attributes as accurately as possible. The goal with this is to find behavioral causes affecting the
energy use in single-family homes and to evaluate them.
Simulation software
To accurately calculate and simulate the energy use in a residential building, vast amount of
information needs to be considered. Everything from the area, volume, envelope of the structure
to heat transfer of different material, time of day, solar gains and type of energy sources available
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etc. To facilitate this, several different energy simulation programs are available. For this paper,
DesignBuilder is used for both the modeling and the energy simulation process. DesignBuilder,
created by DesignBuilder Software Ltd in UK, utilizes EnergyPlus software package code
developed by the U.S. Department of Energy. The software is a complete building energy
simulation program capable of advanced and detailed simulations of the energy performance in a
structure. DesignBuilder uses a user-friendly and easy-to-understand GUI (Graphical User
Interface) and implements a large predefined material and component library allowing for easier
and quicker model creation (DesignBuilder Software Ltd, 2014).
Base-load model simulation
The purpose of simulating the base-load heat demand is to figure out the net amount of energy
needed to warm up and keep the space habitable throughout the year. Essentially, the net heat
produced by a heating system in an empty dwellings model without any human behavior
elements are calculated. Later, comparing this amount with energy use in the ‘standard model’
and the actual real life values, the impact of human behavior on energy use can be estimated.
Leakage & infiltration rate
It has already been established, in a previous study (Ghasemi, et al., 2013), that the single-family
houses in Fårdala suffer from leakage and air infiltration problems. Typical sources for
uncontrolled energy loss in these houses are from poor envelope structure integrity, missing or
insufficient insulation (specially on the roofs) and leaking door and windows (Bohacek, 2014).
Since large rates of infiltration can lead to big changes in energy, data on the leakage helps
creating more life like models.
In order to gather information about air tightness levels in Fårdala, two (2) Blower Door tests
were conducted. A Blower Door test or depressurization test is used to quantify the permeability,
or the amount of leakage, at different pressure differences. The test simulates different rates of
wind speeds on the house envelope, which in turn creates a pressure difference between the
inside and outside of the structure. All of the ‘intended ventilation sources’ in the house
(windows, kitchen hood, mechanical vents etc.) are covered up; this helps limit infiltration only to
‘unintended sources’ such as leaks. A calibrated fan, a Retrotec 1000 in this case, is used in
conjunction with computer software to calculate the amount of air flowing through the house.
The result of this test yields in precise air flow rates in correlation with windspeed.

Figure 15 Air flow rate as result of building pressure for the two tested houses.
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Figure 15 shows the result from the Blower Door test. The pressurization equipment helps
amplify the problem sources in the building by forcing air to penetrate through leakages
(Inspectia SVERIGE, 2014). As the fan speeds up and more air is forced through the house,
more pressure is induced on the envelope. If the leaks in the building is too large, the equipment
will not be able to maintain a stable depressurization since the fan cannot spin fast enough. In
both of the tested houses in Fårdala, the fan topped off just before reaching a stable pressure of
50 Pa. Still the obtained values are deamed to be accurate enough to be used in the modelling
process.
Since DesignBuilder uses the parameter of infiltration in ACH (air changes per hour), the values
from the table must be converted. The Blower Door test software outputs the ACH at 50 Pa, but
with the use of buildings volume and the air flows obtained from the graphs, the number of
ACH can be calculated. Figure 16 represents the average values derived for the number of
airchanges against pressure.
A pressure of 50 Pa represents wind speed of 9,03 m/s (Glasshape LTD, 11). Using wind speed
data for Stockholm for 2013-2014 (Stockholm - Uppsala County Air Quality Management
Association, 2014), infiltration values could be extrapolated from the previous graphs. In
Design Builder, the infiltration rate is set at the highest possible (6,5 ACH) which is by the
program defined as ‘100%’, and is controlled on a set schedule, seen in Figure 17.
This ensures that the model infiltration rate is as accurate as possible and minimizes deviations
not related to behavior in the simulations.
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Figure 16 Average number of ACH set against the pressure in Pa for the two tested houses
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Figure 17 Average rate of infiltration each month, based on wind speeds of that month

Base heat demand
From the general layouts and floor plans of houses on the site, a representative geometry was
modeled. Infiltration rates are put in, U-values for windows, walls and roof are chosen based on
previously mentioned research and also previous work by (Ghasemi, et al., 2013). Weather data
for Stockholm, Bromma airport is used for all simulations. The model floor plan can be seen
Figure 18.

Figure 18 Modeled building used in the simulations using Design Builder

For the case of simulating the base heat demand of a building using Fårdala’s parameters, all
households related electricity use was set to 0. Also the activity levels and number of people in
the dwelling is also turned off. Hence for this model, the program does not calculate any
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HW usage, which in part affects the overall reflected energy use. Therefore, the upcoming
analyzes comparing simulated energy use to actual energy use takes this fact into account.
A heating system based on available DH was implemented in the model. The modeled set point
for the heating system is put on +21°C. The orientation and elevations are based on online web
mapping service by Google called “Maps”.
The net energy amount used for space heating, without user interference is then simulated.
“Normal” activity heat demand
In the same manner as before, a model closely representing existing dwellings in Fårdala was
developed with rational physical properties and values. The aim of this simulation is to evaluate
the impact of users on household energy, based on “normal” or “average” behavior patterns. The
model uses activity levels and actions such as airing out, appliance usage etc. described by the
(Swedish Energy Agency (SEA), 2014) and (Boverket, 2013). Number of occupancy hours as well
as number of residents are based on previous research and can be seen in Table 4 and Table 5
(Ghasemi, et al., 2013). Other parameters regarding behavior and energy usage are based on
descriptions in a report by SVEBY concerning “inputs for energy calculations in dwellings”
(SVEBY, 2009).
Table 4 Airing out data and average households appliance energy use. (SVEBY, 2009)

Research year
How often do you air out?
Daily
Once a week
Once a month
Rarely or never
How long do you air out?
All day/night
A few hours
Draft in a few minutes
Never

1991/93
All
%
84
10
4
2

2006
All
%
64
21
9
6

20
47
32
1

17
50
31
2

House, all households
[kWh/year]
Fridge
Lighting
Cooking
Dishwasher
Washing and drying
Stereo
TV
DVD, VCR etc
Computers etc.
Others
Not measured
Total

2007
226 new houses
%
49
23
15
12
11
46
39
3

Apartment, all
households
[kWh/year]

1020
1275
510
306
306
102
255
153
459
357
357
5100

720
630
390
120
210
60
150
60
270
60
330
3000

Table 5 Average procent of occupancy. (Ghasemi, et al., 2013)
interval
% occupancy

07:00-08:00
50%

Week days
08:00-15:00
15:00-17:00
0%
50%

17:00-07:00
100%

Weekends
07:00-200:00
200:00-07:00
50%
100%
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Energy monitoring systems
Several studies have discussed the importance of presenting the actual energy use to the users
(Alahmad, et al., 20011) (Sung & Chung, 2014) (Sučić, et al., 2014) (Zhao, et al., 2013). By
providing a simple and intuitive way of visualizing energy in real-time; the user is more likely to
be intrigued by energy conservation. This can be put into perspective with static statistical data
presented to the users in form of energy bills. Furthermore, an EMSys (energy monitoring
system) can help in increasing the knowledgebase of the residential users in energy related
questions (Sučić, et al., 2014). Utilizing energy monitoring devices in a households could to some
extend bring attention towards users’ non-conscious (socio-environmental/cultural and
systemic/altruistic) behaviors and could ultimately raise the residents’ awareness about the
negative systemic habits.
Background research on this area showed that most of the existing EMSys’ can be divided into
two main categories, (i) one-way communication systems and (ii) two-way communication systems (Zhao, et
al., 2013) (Sung & Chung, 2014) (Chen, et al., 2014). As the names suggest, the first group only
utilize the energy value readings to present the user with information about the energy use. The
data is often presented in form of graphs and tables and the user can choose the time-frame.
These systems generally do not require expensive equipment. The other category of existing
energy monitoring devices utilize an interaction based method. Here, the basic idea is to engage
the user in the energy conservation process by allowing them to perform changes to the different
systems. Since the two-way monitoring systems are able to both screen and control the
appliances, much more elaborate configuration is needed.
A common flaw in many available commercial systems is that only utility energy use, mostly only
electrical use, is considered. These types of systems offer very technical energy use portrayals,
often confusing to the users, and do not account for external energy use causes (for example
weather or time of year) (Jain, et al., 2014) (Chen & Ahn, 2014).
For this paper, only an outline and description of a two-way monitoring system is proposed. This
approach is intended to take established user behavior patterns into account in order to
encourage energy saving and at the same time tap into the systemic user behavior by pointing out
flaws. Several papers discuss the implication of responsive energy monitoring systems deployed
in commercial buildings as well as multi-family homes. Energy use variables based on sensor
information and database values have shown to be the most accurate and in general cost
competitive alternative (Dall’O’, et al., 2012) (Jain, et al., 2014) (Chen & Ahn, 2014) (Chen, et al.,
2014) (Meyers, et al., 2010). Although the monitoring device should also “learn” user behavior
and interrupt negative user behavior in a nonintrusive way, for example by turning off lit lamps if
no use is detected.
This paper proposes, based on described background research on environmental psychology and
with energy-use data of the residents participating in the questionnaire, that the monitoring
system should analyze user behavior and remember preferences. Here, to effectively give
feedback about the energy use, the system should incorporate an informational database which
would in turn ensure dynamic energy saving measures.
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The idea is to utilize a system consisting of three different application layers for this solution. The
underlying software-based layer containing the AI (artificial intelligence) and algorithms which
interacts seamlessly with the core “database” or data collection layer. The top layer is where
interactions between the user and the appliances takes place. At the core of the system various
external data sources (taking into account weather and wind speed for example) and data from
individual sensors for measuring energy are used as base input for the system. The AI layer of the
application is responsible for learning and adapting the energy use based on user behavior.
Advanced algorithms combining event processing and matching/sorting or information is
needed to guarantee successful real-time analysis and presentation of data (Sučić, et al., 2014).
The complete description of such system and the algorithms involved exceeds the scope of this
paper. A graphic representation of the layered approach is seen in Figure 19.
Although the cost calculation of the proposed system is beyond the scope of this paper, the most
expensive component in this sensor based approach is the sensors themselves. Detailed weather
and wind data can be obtained from several weather stations and various smart devices are
getting more cost competitive as the adoption rate is increasing.
Sensor based system, such as the one proposed, using smart meters and other commercially
available equipment, are shown to be equal or even superior to other traditional energy
engineering calculation software (Jain, et al., 2014) (Edwards, et al., 2012) (Zhao & Magoulès,
2012). One major benefit of the sensor based system is the ability to present detailed and
comprehensible information to the end user while requiring little to no manual input.
Such a system the user to for example identify and monitor all the lamps in the households, set
activity schedules for these and remotely turn them on or off. But also larger systems such as the
heating/cooling systems could be covered.

Device/"APP"
AI
Data
collection

•Visual representation (cost,
kWh/m2 etc)
•User communications
•User input
•Data verification
•Data manipulation / algorithms
•User behavior pattern recognision
•Prediction engine
•ESM suggestion
•External weather information
•Sensors and gauges
•Energy use history, coupled with
current set-points

Figure 19 Module representation of the way the proposed energy monitoring device should work and handle data.
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In short the system should offer






Controlling and getting real time information about the set points.
Information about energy use (separated into electricity, HW and space heating) in realtime
Controlling almost all appliances manually (lamps, entertainment systems and household
appliances).
The software should also do intelligent energy management based on user input.
EMSys should be context aware and take previous data and user behavior into account
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Results
Base-load simulation results
Simulated base heat demand values from the experiment can be seen in Table 6.
Table 6 Base heat demand for an average house in Fårdala (no DHW)
Energy Per Total Building
Area [kWh/m2]

Total Energy [kWh]

Total Site Energy

17054.04

110.96

Table 7 Simulated heat demand for an average house in Fårdala with activity based on “standards”
Energy Per Total Building
Area [kWh/m2]

Total Energy [kWh]
18816,62

Total Site Energy

District
Heating
[kWh]

Electricity [kWh]
Heating

122,98
Water [m3]

0

9822.94

0

Interior Lighting

3975.01

0

0

Interior Equipment

3098.21

0

0

Water Systems

0

1920.46

30.07

Total End Uses

7073.22

11743.4

30.07

The total energy use for heating in the modeled house adds up to 17 054 kWh or 111 kWh/m2
for a normal year. The simulations are based on the Fårdala house model Valen, which is roughly
153 m2 two-story houses. Since the activity level and number of residents were set to 0 in the
program, DHW- and household electricity use is neglected. This means that the mentioned value
reflects solely on the space heating demand of the modeled dwelling.
Since the implemented heating systemin the model, a simulated DH representation, is the only
source of heat, except from indirect simulation values such as solar gains, the total heating value
should be the highest theoretical needed energy to maintain the set point temperature of +21 °C.
This is apparent from the general EnergyPlus output from DesignBuilder shown in Figure 27 in
appendix IV.
Table 7 shows the result from the simulation model with “standard” behavior implemented. The
total site energy as well as the energy as previously described, this model aims at simulating the
energy impact of user behavior by applying different parameters such as airing out habits,
appliance usage, hygiene and cleanliness practices and activity level.
By implementing simulated people in the house and assigning standard behavioral values to the
model, the total net heating usage decreased by more than 42% from 17 054 kWh to 9 823 kWh.
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The net heat demand in this model results in 64 kWh/m2 of total heating energy per building area
compared to the 110 kWh/m2 previously. Certain residual heat is produced by other sources in
the residential such as lighting heat and heat produced by appliances, but these are not counted
towards the net heating. But as it can be seen in Figure 28 in Appendix IV, the indoor
temperature is still kept on or above the set point temperature throughout the year. The reason
for this drastic decrease in heating demand is obviously the addition of other heat producing
sources such as electrical appliances, but also the human activity.
The total energy use (electricity + comfort heating + DHW) for this “normalized” simulation
adds up to 18 816 kWh with roughly 40% of the total energy picture consisting of electricity.
Based on average household equipment use, moderate catering and typical use of entertainment
devices, the majority of the household electricity use constitutes of interior lighting, as seen in
Table 7.

Statistical energy use
The overall answers to the questionnaire from the community, is divided into two different
segments. One part, seen in Table 8, is focused on analyzing overall household energy use values.
This table assembles values obtained from the questionnaire, like the total electricity use and the
livable area, with the individual DH data to present the complete energy use in the households.
Table 8 Compilation of total energy use from 18 households in Fårdala.

Livable area [sqm]
No. People in the household

1

2

3

4

5

6

7

8

9

155

155

120

120

100

125

120

160

162

2

2

1

2

3

5

1

2

4

TOT EL/Year [kWh]:

7686

8339

2091

5400

5100

5000

3200

4900

11441

TOT HEAT/Year [kWh]:

8305

12650

13418

10035

9872

12880

11370

13630

20840

2401.33

2510.47

1230.79

2640.73

3224.49

2413.92

614.51

2278.89

5207.42

TOT Hot Water/year [kWh]
[kWh/m2]

53.58

81.61

111.82

83.63

98.72

103.04

94.75

85.19

128.64

TOTAL Energy/year

15991

20989

15509

15435

14972

17880

14570

18530

32281

[kWh/m2]

98.07

135.41

129.24

128.63

149.72

143.04

121.42

115.8125

199.27

HeatDemandPerArea
totEnergyDemandPerArea

Heat Demand only (no DHW) [kWh]
Heat Demand only [kWh/m2]

Livable area [sqm]
No. People in the household
TOT EL/Year [kWh]:
TOT HEAT/Year [kWh]:

5903.67

7394.27

6647.51

38.09

10139.53 12187.21
65.42

101.56

61.62

66.48

10466.08 10755.49 11351.10333 15632.58
83.73

89.63

70.94

96.50

10

11

13

14

15

16

17

18

19

120

120

141

120

90

119.5

120

120

2

1

2

4

1

2

5

3

2903

2801

5500

3904

13474

4451

4890

4500

12523

14295

11970

8955

6742

11839

7152

8427

TOT Hot Water/year [kWh]

1404.02

809.02

997.48

4263.45

2974

2159.48

1955.57

1980.35

HeatDemandPerArea [kWh/m2]

104.36

119.13

84.89

74.63

74.91

99.07

59.60

70.23

TOTAL Energy/year

15426

17096

17470

12859

20216

16290

12042

12927

totEnergyDemandPerArea [kWh/m2]

128.55

142.47

123.9

107.16

224.62

136.32

100.35

107.725

4691.55

7500

9679.52

5196.43

6446.65

39.10

83.33

81.00

43.30

53.72

Heat Demand only (no DHW) [kWh] 11118.98 13485.98 10972.52
Heat Demand only [kWh/m2]

92.66

112.38

77.82
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Since the model for the base heat demand does not include any DHW energy (only space heating
demand is simulated), no energy for DHW use is calculated, comparison between the real-life
houses are made without the total HW energy. Figure 20 and Figure 21 show the analyzed
heating demand and overall energy use per person and square meter from each of the 18
households. In Figure 20, both simulated average area heating demands are shown. The base heat
demand simulation acts as an “upper limit” and in theory, with other direct and indirect heat
sources in the household, the heat demand should remain beneath this boundary. The “lower
limit” is based on the normal activity model. The theoretical point of this comparison is to show
how closely “normalized activity levels” follow the actual data.

110 kWh/m2

64 kWh/m2

Figure 20 Actual space heating demand of the Fårdala samples set against the simulated 'net heat' and the 'nomalized' energy use.

Figure 21 Energy use in the households based on the number of residents, the green line represents the average
simulated energy use per person
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Very few households fall within the ‘normal usage’ line and majority are lying somewhere
between the two control lines. Out of the 18 points, two (2) of the households, number 1 and 14,
are showing very low space heating usage. Additionally two (2), number 11 and 15, are above the
simulated maximum heat demand and two (2), number 3 and 16, are extremely close to the upper
limit. Since this graph is solely based on the space heating demand, the affecting sources must be
related to the set points and/or airing out patterns. The demographic age for each households
helps clarify potential deviations sources. One other relating cause could potentially come from
choice of appliances.
Adding in the total HW use for the mentioned households, the picture changes. The houses with
the highest heating demand are not necessarily the highest overall energy users. The total HW use
is set against the hot water use per person in each households in Figure 22. The HW usage varies
drastically in several households. This could be connected with personal hygiene and/or existing
appliances.
6000
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16

17

18

HW/person

Figure 22 Reflecting the hot water use and hot water use/person in each household.

The second part of the community questionnaire, compiles the energy behavior related questions.
Furthermore interviews with 7 of the participating families, including the ones previously
mentioned, goes into more detail about the habits and effecting causes of energy use and
behavior. The complete questionnaire answers can be found in ‘Appendix III. Behavioral
questionnaire answers’.
Upon investigation and interviews with the households, it is deduced that, households with kids
and teenagers have a higher HW use. One person explains the need for clothes washing ‘at least
twice a day’ due to kids sports activities, the person adds ‘it’s even worse during the winter with
more clothes on’. Another person describes the showering habit of the resident teenager, who
frequently takes long showers and uses very hot water. In the households with older tenants (31
to 65+) and no kids, the most important behavioral factor affecting energy use was comfort.
Most the interviewees show little to no signs of enthusiasm towards decrease their comfort level.
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One households mentioned that their installed Jacuzzi and electrical heated floors ‘probably
contributes to the high electricity bill’ but at the same time displayed dismay towards change.
Another important user related energy use factor, restricting energy conservation, is personal
health. One of the households with the highest net space heating demand explained that they
were aware of the high energy usage, but had to keep the heating set points on rather high values
due to chronic illness. This factor also affected other behavior like airing out, appliance choice
and level of activity.
During the background study, it was established that human behavior can be allocated to three
different clusters affected by environmental, knowledge, social, economic and habitual factors.
During the interviews and questionnaires, participants’ answers regarding energy use were
assessed and categorized based on discussed behavioral theories. These affecting factors range
from sports/hobbies and shower time to the amount of installed lighting. A complete list of the
actions can be found in Figure 23. In order to link these actions together with the three main
clusters, an intermediate subset of behavioral categories are adopted. Overall, 11 different
behavioral causes have been identified to have direct impact on the households energy use:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Seasonal
Cultural norms
Learned habits
Choice of appliances
Activity level
Age group
Economic forte
Hygiene
Education/knowledge
Personal health/wellbeing
Comfort/luxury

These causes can be directly linked to the three (3) main behavioral categories describes
previously. Figure 23 shows the correlation between these different elements. Their relation with
the three main behavior categories (shown in green) can be seen. Examples and main causes of
the behaviors can be seen in yellow boxes.
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Figure 23 Causes of behavioral related energy use in Fårdala residential single-family homes (shown in blue). Green boxes represent the three
main environmental psycholocal behavior related categories. Yellow boxes are the actions derrived from the behavior.
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Two-way monitoring system
The following system proposed in this paper suggests the mechanisms by which an ideal two-way
monitoring system should operate. Further, the proposal takes into account the application of
existing technology, as well as builds upon other papers on residential energy monitoring systems
(Chen & Ahn, 2014) (Chen, et al., 2014) (Dall’O’, et al., 2012) (Jain, et al., 2014) (Mahiddin, et al.,
2011) (Pratt, et al., 1993) (Sung & Chung, 2014) (Zhao, et al., 2013).
An AI-based two-way monitoring system using previous module description is proposed. This
system consists of two main layers, a top visual layer that the user interacts with and a second
underlying software layer. One of the most important abilities of the proposed EMSys is
efficiently altering when and how the energy is used, while taking user behavior into account. The
software part of the system should hence ‘understand’ the available appliances in the household.
The extent of which energy use is affected by each of the eleven previously described behaviors
are different. Using the questionnaire and interview answers as reference point, the energy use
and heat demand of each household was analyzed. The behavior was rated based on how much
energy was used directly as a result of it, for example the set points of the radiators are directly
influencing heating demand; but also if it deemed to be prone to change or alteration, i.e.
seasonal behavior means that a certain amount of heat must be deployed and cannot be altered.
The plasticity of each behavior is regarded and also through interview with the households,
adoption rate of these willingness to change is decided for each behavior.
The subset of the eleven focused behavioral causes are ranked using the described method and
presented in an ‘intensity chart’ is plotted (see Figure 24). The values are static intensities
describing their importance and plasticity in the software. Behaviors with higher intensities are
monitored more closely and should be easier to modify using EMSys’.
Based on this chart, the software-based AI layer of the monitoring system is able to make
‘educated’ guesses and decides where to apply ESM. The system is not completely autonomous
and needs user inputs to build up a ‘preference database’. These can also limit the effect of the
system by describing conditions such as personal health issues.
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Figure 24 Intensity chart showing the effect of the established behaviours on residential energy use

The proposed system uses current technology and is thought to be integrated with the existing
DH monitoring system available in Fårdala, although this could also be integrated in other
communities by adding monitoring systems for the heating and DHW. The system works by
splitting the household energy use into lighting, electrical appliances, water and heating. Gauges,
meters and other devices able to control these four areas are installed in the household. For
lighting, wireless smart LED-lamps such as Philips Hue, GreenWave or LIFX could be used, all
of which allow for remote control and energy monitoring. All electrical outlets are to be provided
with SmartPlugs, which can be wirelessly controlled and programmed. This helps minimizing
standby energy usage. The heating systems in the household should be equipped with electric
thermostats, allowing for detailed and accurate set point control. Finally flow meters could be
used for hot water.
One key benefit of using these existing smart devices is that the majority of them would also act
as self-contained sensors and data loggers, offering reasonably high time accuracy of minutes
down to seconds (Koninklijke Philips N.V., 2014) (Patrick, 2014) (Hydro One, 2015) (Forward
Thinking, 2015). This means reduced cost for additional sensors and logging units, since the data
will be directly stored in the cloud or users’ smart devices.
All of these solitary “nodes” are to be controlled as a sensor network by a costume developed
application. The application takes advantage of a database with relevant energy, weather and
previous user data. Automatic activation/deactivation of energy using systems in the households
such as the lights and entertainment equipment could lead to great energy savings. For this
43

purpose, average position of the users in the households will be determined by GPS (global
positioning system) and WiPS (Wi-Fi based positioning system) (Mahiddin, et al., 2011). The
application should interact with the systems based on user behavior data base.
For user inputs/user communication level, an informative visual network based application is to
be deployed. The application should be able to communicate with the database to pull significant
energy information about the household to be presented to the user. Further a virtual 2D
representation of the floor-plan is used for simplifying user interaction. Actual energy use is
displayed in real-time (presented by the integrated sensors) to the user who can control all the
nodes within the application. A mock-up of the interface is presented Figure 25. Here, the floor
plan of one of the simulated houses is used. User location is tracked to determine the necessity of
ESM. The state of the lighting and associated energy use is displayed in each room and the user is
presented with notifications.
Besides making the user aware of the detailed energy situation in the households, this system
would also result in savings of unnecessary energy use due to negative user behavior effect. The
application AI suggested utilizes a weighted score for different actions. Based on user interaction
and decisions, the system is able to increase or decrease the rank or importance of a certain ESM.
Together with the constant behavioral array described in Figure 24, the monitoring system is able
to detect activity level and the state of the household appliances. Beside household appliances,
certain behaviors could be suggested to the user such as airing out times. A more detailed flow
chart of how the layers of the supposed system interacts is presented in Figure 26. The goal of
this system is to counter act the negative energy-related behavior by automation or targeted
notifications. Regular energy scores comparing households in the area could also act as possible
incentive.
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Figure 25 Mock-up of the energy monitoring system GUI
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Figure 26 Flow chart visualisation of the proposed EMSys, showing the interaction between the two layers

46

Conclusions and discussion
This study shows that user behavior concerning energy use in households, is an important factor
when it comes to energy savings. User behavior and habits decide where, when and how energy is
utilized. Some behaviors linked with personal comfort, luxury and health for example are the
major causes of behavior related energy use. But at the same time they are harder to change
because they cannot be easily affected. The difficulty comes from the deep seeded psychological
impact of changing or restricting such habits. In some cases, the user is forced to adopt a
“lifestyle” due to health. Other habits and negative behavior based on age group and knowledge
can easily be targeted with education and energy monitoring devices. Users need to be properly
educated about the effects of the behavioral energy use.
Understanding behavioral energy use in residential households is important in order to further
the development of effective ESM technologies. Most of existing energy conservation
technologies only concentrate on minimizing energy costs for the user. But the “actual” cost of
energy savings lie elsewhere. Energy is a supplementary comfort service made for the comfort of
the modern human, and therefore it is important to consider the personal gains and also the
comfort of the ESM.
Regarding the energy use in Fårdala, majority of the sampled households’ total energy use
(totEnergyDemandPerArea) fall within the calculated average of 140 kWh/m2 (112 kWh/m2
without household electricity) for the era (shown in Table 2), even though DH is available in the
area. The average energy use of the 18 samples is almost 130 kWh/m2. However, there are few
cases where the energy use per square meter fall exceedingly above the stated average. One
possible explanation is that the national statistic reflects a much larger sample group, while a very
small sample group is considered in this paper and for that the average values might not be
completely representative. Another possibility is that the collected survey data from the sampled
group, reflects only the ones who are already aware of their higher energy use and hence their
participation in the survey.
Initially, the enthusiasm of Fårdala residents towards participating in the survey was dispirited
and next to no questionnaire answers were obtained. After sending out flyers promoting the
website, and further push from the community manager a small number of answers were
obtained. About 22 submissions were obtained, but only 18 had sufficient data to be analyzed.
This means that the real-life results of this paper reflect only on roughly 10% of the total
population. It is worth mentioning that no answers were obtained from the households with
absolute highest heat use, while 6 of 18 participants were the ones who also had the overall
lowest energy use. This information suggests that in general, the ones who are wasting the highest
amount of energy show no interest towards energy savings. At the same time, all of the families
who participated in the survey showed striking knowledge and interest in the subject and had
ideas about implementation of ESM’s. Even the ones who showed the highest energy use values
in the analysis, were aware of the situation and even sought recommendations.
Although the suggested EMSys in this paper uses valid theories and would yield in significant
energy savings, the cost calculation of such device was beyond the scope of the study. Also, more
studies on the integration between energy systems and the users should be done and proper
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algorithms and software must be developed and tested before the feasibility of such system can
be decided. The main ideas for such system can be found in available EMSys such as Google
Nest, a “smart” thermostat. The product must comply with the group of users who are purely
interested in the technology and are able to see the benefits of such system.
Finally, by understanding user behavior and its correlation with excessive energy use, and
development of proper energy awareness devices huge savings can be done in the whole
residential sector in the country.
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Future work
A number of related characteristics of behavior related energy use is identified in this paper,
however this only related to a narrow sample of residents in the community. In order to gain a
more insightful representation of the energy situation and verification of the suggested behavioral
traits, a larger scale experiment is recommended.
For the monitoring system, the feasibility of this system should be decided by a cost calculation
or life cycle analysis. Also a more detailed study regarding available systems, possibilities and
boundaries of a holistic energy monitor for residential buildings should be conducted.
Future work should focus on implementing the energy related behavioral data into efficient
energy measures, and gathering large scale energy use data such to prove live energy use feedback
to the user.
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Appendix I. Questionnaire form, specified for residents in Fårdala
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Appendix II. Interview question for households in Fårdala
The questions shown below are the original scripted subjects, but in several cases the users
themselves added important information during the interview.




Describe how you perceive your energy use.
How often do you watch TV?

o







How often do you use computers?
Do you leave your appliances on ‘stand-by’?
Rated energy class on appliances?
Do you leave the rooms without turning the lamps off? How often?
Do you use a fan during summer time?
Do you have/use washing dryer or drying closet?

o
o


What settings are used for washing machine?
Do you wash dishes by hand or in a dish washing machine?
Do you take baths in bathtubs?

What do you know about electrical thermostats?

Do you crank up the heat if it gets colder outside?
Do you remember to turn it back down?
Is it more comfortable for you to put on more clothes or change set point?

Do you sleep with open windows?

o





Do you have a Jacuzzi?

What type of control units are used for controlling heating set points?

o
o


Why? What got you to install it?

Do you take shower with very hot water?

o


Do you have open windows while washing?

Do you have the faucet running while brushing your teeth?

o


Do you wash with full capacity load?

Do you have heat recovery system?

o






Do you usually leave the TV turned on while cooking or just to have a sound for
pets etc?

If yes, how often and do you have the doors open as well?

Have you experienced any problems like air leakage, heat loss etc?
Does it usually get cold around doors/windows in winter time or nights?
Have you detected any visible cracks or unsealed areas around the house?
Could you consider lowering the set point of the heating system?
61



After explaining energy monitoring devices:

o
o
o
o
o


Do you/anyone in the household own a smartphone or tablet?
Do you have such device?
What are your thoughts/requirements for such a device?
Would you see yourself using it?
How comfortable would you be with the technology?

Other.
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Appendix III. Behavioral questionnaire answers
1

2

3

4

5

0-12
13-19
20-30
31-64
65+

0
0
0
0
2

0
0
0
2
0

0
0
0
0
1

0
0
0
0
2

Värdera inomhusklimat

5

5

5

4

Hur ofta vädrar du huset i genomsnitt?

10+
gånger/mån
ad

10-15
Hur länge vädrar du huset i genomsnitt? min/tillfälle

Glödlampor,
Lågenergila
mpa
Vilka olika typer av lampor använder Ni i (Lysrörslamp
huset?
a)
Lågenergila
mpa
(Lysrörslamp
a)
3-4
Hur många gånger i veckan används
gånger/veck
diskmasin?
a
3-4
Hur många gånger i veckan används
gånger/veck
tvättmaskin?
a
5-6
Antal gånger spis och ugn används per
gånger/veck
vecka?
a
4-6
Hur många gånger duschas det i
gånger/veck
hushållet per vecka?
a
Uppskatta genomsnittlig duschtid per
tillfälle?

6
0
0
0
0
0

7
3
0
0
2
0

8
0
0
0
0
1

3
4
4
1
10+
10+
10+
gång/må 2-4
5-7
gånger/ gånger/ gånger/ nad eller gånger/ gånger/
månad månad månad mindre månad månad
15-30
40+
10-15
10-15
< 10
10-15
min/tillfä min/tills min/tillfä min/tillfä min/tillfä min/tillfä
lle
älle
lle
lle
lle
lle
Glödlam
Glödlam Glödlam
por,LEDpor,LED- por, LED- LEDlampor,L
lampor, lampor, lampor,L
ågenergil
Lågenerg Lågenerg ågenergil
ampa
ilampa ilampa ampa
Glödlam (Lysrörsla LED(Lysrörsla (Lysrörsla (Lysrörsla
por
mpa)
lampor mpa)
mpa)
mpa)

3-4
gånger/v
ecka
3-4
gånger/v
ecka
5-6
gånger/v
ecka
7-9
gånger/v
ecka
<5
<5
min/tillfä
min/tillfälle lle

1-2
gånger/v
ecka
1-2
gånger/v
ecka
7+
gånger/v
ecka
7-9
gånger/v
ecka
<5
min/tillfä
lle

3-4
gånger/v
ecka
3-4
gånger/v
ecka
7+
gånger/v
ecka
10-12
gånger/v
ecka
<5
min/tillfä
lle

3-4
gånger/v
ecka
3-4
gånger/v
ecka
5-6
gånger/v
ecka
10-12
gånger/v
ecka
5-10
min/tillfä
lle

5-6
gånger/v
ecka
3-4
gånger/v
ecka
7+
gånger/v
ecka
10-12
gånger/v
ecka
5-10
min/tillfä
lle

Används
ej
1-2
gånger/v
ecka
5-6
gånger/v
ecka
7-9
gånger/v
ecka
<5
min/tillfä
lle

9
0
0
0
0
0

10

11

12

13

14

0
0
2
1
1

0
0
0
0
2

0
0
0
0
1

0
0
0
0
2

0
0
0
0
0

5

4

4

4

10+
gånger/
månad
40+
min/tills
älle
Glödlam
por,LEDlampor,L
ågenergil
ampa
(Lysrörsla
mpa)

10+
gånger/
månad
< 10
min/tillfä
lle
Glödlam
por,LEDlampor,L
ågenergil
ampa
(Lysrörsla
mpa)

10+
gånger/
månad
10-15
min/tillfä
lle

10+
gånger/
månad
40+
min/tills
älle

Glödlam
por,Låge
nergilam
pa
(Lysrörsla
mpa)

7+
gånger/v
ecka
7+
gånger/v
ecka
7+
gånger/v
ecka
10-12
gånger/v
ecka
10-15
min/tillfä
lle
Krypgrun
d,
Kallföråd
ombyggt
till
välisoler
adtvättst

5-6
gånger/v
ecka
3-4
gånger/v
ecka
7+
gånger/v
ecka
10-12
gånger/v
ecka
5-10
min/tillfä
lle

1-2
gånger/v
ecka
1-2
gånger/v
ecka
5-6
gånger/v
ecka
4-6
gånger/v
ecka
5-10
min/tillfä
lle

15
0
1
0
2
0

16

17

18

0
0
0
0
1

0
0
0
0
2

3
0
0
2
0

0
1
0
2
0

5

3

4

4

4

10+
gånger/
månad
15-30
min/tillfä
lle

8-10
gånger/
månad
< 10
min/tillfä
lle

8-10
gånger/
månad
15-30
min/tillfä
lle

2-4
gånger/
månad
10-15
min/tillfä
lle

LEDlampor,L
ågenergil
ampa
(Lysrörsla
mpa)

Lågenerg
ilampa
(Lysrörsla
mpa)

Lågenerg
ilampa
(Lysrörsla
mpa),
Annat/ve
t ej

Glödlam
por,Låge
nergilam
pa
(Lysrörsla
mpa)

5-7
gånger/
månad
10-15
min/tillfä
lle
Glödlam
por,LEDlampor,L
ågenergil
ampa
(Lysrörsla
mpa)

7+
gånger/v
ecka
3-4
gånger/v
ecka
7+
gånger/v
ecka
1-3
gånger/v
ecka
5-10
min/tillfä
lle

3-4
gånger/v
ecka
3-4
gånger/v
ecka
7+
gånger/v
ecka
10-12
gånger/v
ecka
<5
min/tillfä
lle

5-6
gånger/v
ecka
1-2
gånger/v
ecka
7+
gånger/v
ecka
10-12
4-6
ggr/veck gånger/v
a
ecka
5-10
min/tillfä
Vind
lle

3-4
gånger/v
ecka
1-2
gånger/v
ecka
7+
gånger/v
ecka
1-3
gånger/v
ecka
5-10
min/tillfä
lle

Glödlam
por

5-6
gånger/v
ecka
3-4
gånger/v
ecka
5-6
gånger/v
ecka

1-2
gånger/v
ecka
3-4
gånger/v
ecka
5-6
gånger/v
ecka
7-9
>15/veck gånger/v
a
ecka
5-10
10-15
min/tillfä min/tillfä
lle
lle

63

Uppskatta genomsnittlig duschtid per
tillfälle?

<5
<5
<5
5-10
5-10
<5
<5
min/tillfä min/tillfä min/tillfä min/tillfä min/tillfä min/tillfä
min/tillfälle lle
lle
lle
lle
lle
lle

Tillägsisolering genomförd på

Vind

Fönsterbyte

Installerat luft/luftvärmepump
Installationsår
Inställd temperatur

Övriga genomförda åtgärder

Nej

Nej

Vind

Nej

Vind
Ja, 2003
eller
tidigare

Ja, 2004
eller
senare

Nej

Delvis
bytt
Nej

Bytt alla Bytt alla
Nej
Nej
Nej

Ja, 2004
eller
senare

Nej

Vind
1 stor 3glasfönster
Ja, 2004
eller
senare,
Delvis
bytt
Nej

Vind
Ja, 2003
eller
tidigare

10-15
min/tillfä
lle
Krypgrun
d,
Kallföråd
ombyggt
till
välisoler
adtvättst
uga och
grovingå
ng
Ja, 2004
eller
senare

5-10
5-10
5-10
<5
min/tillfä min/tillfä min/tillfä min/tillfä
lle
lle
lle
lle
Vind

Vind

Nej

Nej

Vind
Ja, 2004
eller
senare

Bytt alla Bytt alla
Nej
Nej
Nej

Nej

Bytt alla Bytt alla Delvis
Nej
Nej
Nej

Ja, 2004
eller
senare

Nej
Ja, 2004
eller
senare

5-10
5-10
5-10
10-15
min/tillfä min/tillfä min/tillfä min/tillfä
lle
lle
lle
lle

Nej

Ja

Nej

Vind
Ja, 2004
eller
senare

Nej

Bytt alla Bytt alla
Nej
Nej

inga

Snålspola
nde
toaletter

Ja, 2003
eller
tidigare

2009
variera
Frånlufts
fläkt i
badrum
som
alltid går
för att
luftväxla
och på så
sätt ge
bättre
inomhus
klimat
och
mindre
radon.
Tätningsl
ister i
samtliga
fönster o
dörrar.

Flera
glödlamp
or bytt
till LED.
Bytt till
nya
termosta
ter på
radiatore
rna.

Ventilati
onssyste
m med
värmevä
xlare.

Takbyte,s
nålspola
nde
Termosta
toaletter ter

64

Appendix IV. Simulation results (EnergyPlus outputs)

Figure 27 Simulated indoor temperature and energy use. The steady value of indoor temperature shows that the simulated heating system has been able to keep the “standard” temperature.
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Figure 28 Simulated indoor temperature and energy use for the model with "standard" behavior implemented. The indoor temperature is kept steady throughout
the year. The overall heating use is lower than the last model.
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