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Executive summary

Changing people’s behavior greatly affects the ipdgg to save energy. This project aims to
save ten percent of energy by achieving a desieixegy-efficient behavior from tenants. A
Demand Side Management (DSM) method has been gmcland is used with tenants to
create good conditions and later to change tenaht\bor. It is of great importance to
understand the correlation between lifestyle antsamption for saving energy by the DSM
methods. Apartments are equipped with systemsftividual measurement that are used to
create an incentive for tenants to lower their gn@onsumption. The apartments type 1 and
2 in the Sesac area are equipped with a displayntadun the apartment in order to make
energy consumption visible to tenants.

The results of the first measurements show thattretdy consumption has decreased by
13.6% in apartments in which the DSM method has lzglied. When the apartments with
displays using a DSM method are compared to apatir®itside the Sesac area, we see a
34% energy savings. The consumption of domesticahdt cold water has not shown any
significant deviations when comparing apartment wisplays. But when compared to other
apartments, we see a 43% energy savings. An exjgan® this could be that sufficient
knowledge has already been obtained by tenantsneithSM since it is easier to understand
the connection between hot water and energy thantda understand energy by electricity.
The comfort measurement method has proven to baitahke for this kind of energy-
efficient buildings. The DSM method used has natbhgen through all the steps necessary to
create desired behavior. Therefore, further enseyyngs are to be expected when the DSM
method has been fully applied to tenants.
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1 Introduction

When creating a suitable energy system it is o&tgmaportance to understand the different
parameters that influence energy consumption. i phoject, apartments were built with

energy performance that goes well beyond Swedigjulagons. The most important

parameters for creating energy-efficient living #ne technical conditions of the building’s
energy system and the understanding of peopleiggmensumption behavior.

In the Sesac area, 81 apartments have been budt o Vaxjo, 69 with the energy standard

of 95 kWh/nfyr and 12 with 85 kWh/Ayr’. In these apartments two different systems for
individual measurements have been installed. Tixdem is used as a tool for creating

desired tenant behavior.

The aim of this project is to lower tenant energmsumption by 10 percent by creating
desired behavior. The method used will have thgektr impact in the long run. The
correlation between consumption patterns and Vifess of great importance when creating a
useful DSM method. To change this pattern in sualag that it will be long-lasting, it is of
great importance to use a structured method. Teiboa is explained later in the report.

! Energy consumption is defined as transmissiontjlegion and DHW.



2 Description of work

To create the desired behavior it is first impartanprovide tenants with the right conditions.
These conditions are provided by the individual soseament systems and the Demand Side
Management method. Two types of measurement systemssed in these apartments; one is
used in type 1 buildings and the other in type iddings. The systems can be further studied
in Appendices 1 and 2. In order to compare eneogyemption, the electricity consumption
of 72 apartments in Vaxjo has been studied givitgtéer view of how much energy can be
saved. Consumed energy for domestic hot waterlkasaen compared to a study conducted
in Stockholm. This is further explained later i tleport.

2.1 Type 1 buildings

Type 1 buildings have a measurement system fotrelig and domestic hot and cold water.

Tenants can ‘see’ their consumption via a disptatheir apartments. The display can also be
used to send text messages to the tenants. See #dul. Tenants can see their consumption
by cost and specific energy consumption. Tenarnys pa
for each of these services separately. The apattimen

also equipped with a system for comfort meteringe T

comfort metering system was meant as a means to ge
tenants to pay for their energy consumption for
heating. This system did not work however because e
tenants were not given the opportunity to influence
their energy consumption. The comfort metering
system is, thus, not used as a financial means of

control. Instead, the system is used to controlggn® _ . _
the building. The measurement system used can fpgure 2.1.1. The display installed in all
further studied in Appendix 1. apartments in type 1 buildings.

Sixty-nine apartments have been erected and thieants divided into two groups. The first
group (40 apartments) moved in to their apartmantie beginning of 2006. These tenants
were not given any information about saving eneagyl their apartments are used as
reference apartments. The other group (29 aparghemved in in July 2006. Demand Side
Management methods have been applied to thesetserldre method used can be further
studied in figure 3.

2.2 Type 2 buildings

Type 2 buildings have a measurement system fotriglity,
heating and domestic hot and cold water. The tenant
follow their consumption of heat and domestic had aold
water on a display mounted in the apartment. Sgerdi
2.2.1. This display enables tenants to follow their
consumption according to specific energy unitsctiety
consumption is displayed on a meter at the digiobubox.

At the end of 2006, 12 apartments where finishedelLin
2007, 42 more apartments will be finished.

Figure 2.2.1 shows the display
that displays heat and hot and
cold water consumption



2.3 Method

In order to create desired tenant behavior, itfigreat importance to first provide the right
conditions. Later when the conditions are in plaemants are ready to understand more
information about energy-saving strategies. The D@bthod used is further explained in
figure 2.3.1 below.

Creating Wanted Behaviour
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Figure 2.3.1.This diagram shows the process ofritnehanging their lifestyles and consumption. This
the theoretical result of changing behavior. Thegfic process for each tenant is unique due tccthse
correlation with the tenant’s lifestyle. The pertage shown in the diagram is the energy saved due t
changed behavior. The different steps can be expdbas follows:

1. When prospective tenants search for an apartmemt &ne given information about the
possibilities that this apartment provides and atlwaw they can affect their monthly
expenses by the individual measurement system.af@eyso informed about the high-
energy profile of these buildings.

2. When tenants sign their contract they are inforralkdut the possibilities of affecting
their monthly expenses by the individual measurésyetem. They are also informed
about the high-energy efficiency that these bugdiaim for.

3. When tenants move in to their new apartments theegigen an easy task. This task has
the purpose of providing the tenant with a bettederstanding of energy consumption.
They are also given instructions on how they cédovotheir monthly consumption on
the apartment’s display.

4. When tenants have started to settle and feel coatferin their apartments it is of great
importance that they receive information that pdma the conditions for changing
behavior. This information is received in the fashfeedback regarding their
consumption as well as that of the building for panson purposes. They are also
given a few more easy tasks for creating more kedgd of energy savings.

5. At this stage tenants should have changed thebehin such a way that they are
receptive for more direct energy-saving strategigsey will be given more information
about how they can affect their energy consumgowell as receive measurement
results and the opportunity to compare their congtimn to that of fellow tenants.



3 Compared apartments

In order to create a comparison between apartmesits different prerequisites, the
comparison is split up into three different groupsmparisons are made between apartments
within the Sesac area and to apartments outsideSH#sac area (see figure 3.1). This
comparison aims to show tenants three differemh$oof influence. “Reference apartments”
are located outside the Sesac area, whereas ‘meterapartments with display” and
“apartments with display and DSM” are apartmentfiwwithe Sesac area.

Sesac area

40 reference 29 apartments type 1 12 apartments type 2
apartments type 1 with display with display

with display and DSM and DSM

*Not yet compared

090
@)
@

@

72 reference
apartments in
Vaxjo outside @)
Sesac area

Electricity

S
F

Y
{_ ) Comparsion electricity

Comparsion domestic
hot water

Reference from
report about
domestic hot

water .,

consumption

Comparsion domestic cold water

Figure 3.1 shows how the comparison between diffesensumptions is made. The type 2 apartments haive
yet been compared to other apartments due to thet plriod of measurement.

3.1 Reference apartments

Reference apartments are divided into two groupse @roup is for comparing electricity
consumption and one is for comparing domestic hatewconsumption. Two groups of
reference apartments were required because theme avdack of apartments with
measurements of both electricity and domestic laiemw

3.1.1 Reference apartments - electricity

This group of 72 apartments is situated in Vaxjdhwa total areéaof 5,704 . On an
individual level, this can be seen as an averagwtmpnt in Vaxjo. Tenants buy their
electricity for their individual apartments from YAB thus giving them a financial incentive
to save energy. They pay a fee for a calculatedwoption that is adjusted once a year.
Heating and domestic hot water are included inrtlent. The consumption of these
apartments is representative as an average fobVax|

2 All area mentioned is BOA, the living area.



3.1.2 Reference apartments - domestic hot water

In most apartments in Sweden tenants do not paynér consumption of domestic hot water.

Therefore, tenants lack financial incentive foriegvenergy. The apartments in this group
come from the report [Teknikupphandling energietifek tappvarmvattenkranar; 2001-02-07,

LIP, Stockholm stad]. Because domestic hot wateoitsmeasured in apartments in Sweden
knowledge of consumption patterns is lacking.

3.2 Apartments with display

These apartments are included in the Sesac arewjlbuntil august 2007 serve as reference
apartments for the area. A DSM method has not lagghied to these tenants. There is a
display mounted in each entryway and tenants pathfr consumption of domestic hot and
cold water and electricity. The technical condifoof these apartments are explained in
Appendix 2.

3.3 Apartments with display and DSM

These 29 apartments have all been included in 8 Bhethod explained in chapter 2.3. The
method used is under development and has not gehed its theoretical maximum of saved
energy. The different steps that the tenants hakent are explained below. The technical
conditions of these apartments are explained ineAgpx 2.

|. Early information.These apartments were specifically advertiseceagthoused
in energy-efficient buildings for which the aim tg attain low tenant energy
consumption. Prospective tenants were also inforthatitheir individual usage
would be measured and that they would be requivepaly for electricity and
domestic hot and cold water for their apartments.

II. Early information of measurement system opportesitWwhen tenants signed
their contracts, they were again provided with infation about the highly
energy-efficient living of their building. They weralso informed of the
opportunities they have to affect their monthlyrggyeconsumption expenses.

[ll. Easy task to illustrate possibilitie8Vhen tenants moved in to their apartments
they were given an easy task that aimed to creatmtarest in energy saving
strategies. The display, equipped with an instamcsticker, was mounted in their
entryway. Tenants were encouraged by the instmgtio take a pleasant shower
and then see the costs the shower incurred. Theopeirwas to create a better
understanding of energy consumption and to spadiseussion about energy
consumption among tenants.

IV. Easy informationAfter three weeks, tenants were given simplermétion about
their individual measurement system. They were dgldl what type of
information they should expect and reassured tiey tvould receive help and
guidance for feeling secure in their situation. &#as purpose, they were provided
with a phone number that they could call if theyl lzmy questions. The tenants
also learned about the purpose of this system, Iyathat they as tenants are
given the opportunity to influence their expenses.

V. Informative leaflet. After two months, a leaflet was distributed conian
information about smart energy consumption. It agplained human behavior



and how behavior influences energy consumption.amenwere also informed
that they could contact the housing company if thag any questions. Four brief
and easily understood tips about energy savings also included.

VI. Survey.After three months, tenants were asked their opimegarding energy
savings and about the display mounted in theirtaparts. The purpose of this
survey was to better understand tenants’ opinicgarding energy-saving
strategies and the target group itself.

VII. Results from survey The tenants received the survey results as weteasfirst
measurement readings in leaflet form. This leaflastrated that tenants were
generally positive to the measurement system amdi8play. It also showed that
they contributed to 16% electricity savings as veallhow these savings affected
their monthly expenses.

VIIl. Results from survey ZThe results from the first step of measurementsewe
presented in a poster mounted in the entryway eflthilding. In addition to
informing tenants, this poster served to informtwig friends and family about
the energy-efficient building. The intended purpadéehe poster was to spark
discussion and to get people more involved in gnesgues.

IX. Information regarding climate change and humg
behavior.As the last applied step so far, tenants w¢
informed about climate change and how they affiec
both as a causing factor and as part of the solusiee
figure 3.2. The written information also illustrdte
how climate change is everyone’s personal concer
well as how we were affected by storms Gudrun &
Per. This leaflet was meant to bring the questibn
climate closer to home and to make tenants awate |
they can contribute to solving our climate proble
On a more positive note, the leaflet included Eréis §

the work done in Vaxjo regarding climate change oy, L
highlighted the fact that Vaxjo received theFigUlre 3.2 shows the
SUStalnab|e Energy EurOpe Awal’d leaflet sent out to tenants

regarding climate change
X. Text messages in displayhe display mounted in and human behavior.

tenants’ apartments can be used for communicating

with the tenant via text messages with a maximur@Qfif characters. After eight
months, the display is now starting to be usedstording energy saving tips to
tenants every Friday. Tenants were informed thaly tivould receive these
messages at the very start, with the understanitimigtheir purpose is to reduce
energy consumption.

The Sesac area tenants with displays and to wholt W& applied have so far progressed to
the fourth step of the theoretical model in fig@r8.1. As even more steps are to be applied,
an even higher energy-efficient living is expectede attained in the coming steps. Before
the summer, tenants will be made aware of how ttey lower the temperature in their
apartments by airing their apartments the right,vesywell as by using less electricity. They



will learn how they can feel if electrical equipntés using energy by feeling heat transfer
from the equipment.

4 Results and discussion

The overall results show that energy consumptidovi&r in apartments that have taken part
in the DSM method. The “reference apartments widipldy” consist of 40 apartments and
the “apartments with display and DSM” of 29. Thessults were obtained solely from the
type 1 building due to the short period of measw@®infrom the type 2 building. In order to
obtain more reliable results from type 1 buildinggasurements should proceed for longer.
The comparison grid between the different typespdrtments can be studied in figure 3.1.
The measurement period for the apartments witHalisps only ten months. This is because
of the time plan for presentation in this Sesagguto Further results will be delivered later in
this project.

4.1 Electricity consumption

So far the main aim has been to influence tendimi@es regarding energy consumption. The
results from their electricity consumption show tlergest deviation from reference
apartments. Tenants need more information aboungalectricity in order to achieve an
energy-efficient behavior. This may be due to thas more difficult to learn about saving
electricity than saving energy by cutting down at water usage. The overall electricity
savings result between the “reference apartmentis sisplay’” and the “apartments with
display and DSM” is 13.6%. See figure 4.1.1 belowdlectricity consumption in “reference
apartments with display” compared to “apartmentthwiisplay and DSM”. Also take into
consideration that these are the results from antemth period meaning that greater
electricity savings can be expected by the end@®ISM method (see figure 2.3.1).

Electricity consumption kWh/(m  2month)
Data from July 2006- April 2007: 13.6% saved energy  compared to "reference
apartments with display" and "apartments with displ ay and DSM"
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Figure 4.1.1 shows the electricity consumption 8MDapartments and reference apartments. The DSM
apartments show 13.6% lower consumption for théodesf ten months than those that have not ap@Ei&@sM
method.



The measurements shown in figure 4.1.1 are thdtr@saomparing apartments that all have
a display. When compared to the electricity consionpof other apartments in Vaxjo, this
gives a better understanding of the energy savotgnpial of using this DSM method. The
results show a 34% savings of annual electricitgnvbompared to reference apartments in
Vaxjo.

»
>

Reference apartment [41 KWh/m?]

P
Reference apartment
with display [31 kWh/m?|

-24% Apartment with
display and DSM (27 kWh/m?)

-34%

Electricity consumption

»
'

Figure 4.1.2 shows the comparison of apartmentthé Sesac area as well as apartments outside thacSe
area.

4.2 Domestic hot water consumption

There is no reliable deviation of apartments whigre DSM method was applied from
apartments that have not been given any informaSee figure 4.2.1 below. The correlation
between consumption patterns and the visualizati@nergy is of great interest since tenants
living in apartments with applied DSM have not siomore energy-efficient behavior than
those in which DSM has not been applied. Thisftitates that even those who not have been
given any information show a high level of enerdfjeeent behavior when consuming
domestic hot water. We can also deduce that trendial incentive is enough for creating
efficient behavior. This can be contrasted to el@ty consumption where people have
achieved a more energy-efficient behavior. Thispsujs the fact that people need more
information in order to save electricity than tes@nergy from domestic hot water.

When comparing to other apartments, this can béamqu when comparing domestic hot
water consumption with other apartments outside Sesac area [Teknikupphandling
energieffektiva tappvarmvattenkranar; 2001-02-0P, IStockholm stad], which shows a 43%
energy savings due to domestic hot water. Seedfigu2.2. However, this must be studied
further because the values for comparison are ebtgliable. These issues will be studied
further later in this project.
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Domestic hot water consumption kWh/(m ~ 2month)
Data from July 2006- April 2007: 0.5% saved energy = compared to "reference
apartments with display" and "apartments with displ ay and DSM"
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Figure 4.2.1 shows how energy consumption due tioedtic hot water varies over ten months. No deviati
between DSM apartments and reference apartmentbeaeen in these measurements.

Figure 4.2.2 shows the consumption of domestiaviatér when comparing apartments with displays to
apartments that do not have financial incentivesaaee energy.

4.3 Domestic cold water consumption

The measured period shows higher consumption ofedtncold water in the apartments

with displays and DSM. See figure 4.3.1 below. Teasumption is 5.8% higher in these

apartments if comparing to reference apartmentk displays, which may be a result of

higher tenant energy awareness. From this we canhse tenants use cold water instead of

11



hot water, but we need to analyze this furtherfi@ee 4.2.3 for the comparison of hot and
cold water.

When comparing results from domestic cold watersoamption with those from hot water
consumption we see that domestic cold water consamfs decreasing while hot water
consumption is increasing. This may be explainedhay tenants use more hot water than
cold water when it is cold outside.

70

Domestic cold water consumption liter/(m
Data from July 2006- April 2007: 5.8 % higher water
between "reference apartments with display" and "ap
and DSM"
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Figure 4.3.1 shows the domestic cold water consiamjiht DSM apartments and reference apartmentshdws
that reference apartments have a lower consumpkian DSM apartments.

4.4 Heat consumption

The method planned to be used for creating endfgyeacy in the building’s heating energy
was the comfort measurement method. Comfort meammemeasures the apartment’s
temperature. Tenants’ payments are based on tlogithly average temperature.

The comfort measurement system has proven to hetabke in this type of energy-efficient
building. The method is not reliable when you buitergy-efficient buildings with low

energy consumption for heating. High insulatiomdtads in a building prevent energy from
passing from inside to outside. The number of pedple sun and appliances in the apartment
also contribute to this effect. The heat in thiseces not transported to the outside making the
temperature inside the building increase. The tewanld have to pay for this increase in

heat despite the fact that the supply from theihgatystem decreases. The possibilities of
influencing the apartment’s temperature provedetansignificant. Tenants would get money
back by leaving the window open, which not in pahwenergy efficiency.

The building’s total heating energy consumption b@sn measured but due to the short
measuring period, these measurements are notlesl@brrently, there is no financial
incentive for tenants to lower their heating enezggsumption. Nonetheless, the DSM
method will be used for lowering heating energystonption, which will be illustrated in

12



results presented later in the project. In the Spsaject, a report regarding heating in these
buildings has been writtén

4.5 Summarized results

The summarized results present all results togettiterparameters such as the living area of
each apartment. Figure 4.5.1 shows that refergpex¢rnaents with DSM have decreased
consumption in all parameters with the exceptionaddl water consumption. But it also
shows that electricity has been compared for apartsnof different sizes.

Figure 4.5.1 shows the summarized results of atigared results. For further information read eagsific
chapter.

® Deliverable D16a. First technical and behavioated RUE report.
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5 Conclusions

“Apartments with display and DSM” has saved 34% etdctricity when comparing to
“reference apartments” outside the Sesac area ¥)6V&lo deviation has been shown in
domestic hot water consumption when comparing fegfee apartments with display” and
“apartments with display and DSM”. But when compgrthese to “reference apartments -
hot water” outside the Sesac area, there are ersagyngs of 43%. This proves that it is
enough in the short run to save energy by usenahtial incentive, but whether this will be
effective in the long run remains to be seen. Ddime®sld water consumption has increased
in the period of measurements. The comfort metesysgjem is not suitable for buildings
having high insulation standards such as thoskeesesac area.
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Appendix 1 — Measurement system — Type 1
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Appendix 2 — Technical conditions Type 1

Reference apartments with display

The mixer faucet in the sink is a Gustavsbergaithout an energy saving function.
The shower is equipped with a Gustavsberg thermosker.

The towel drier is a Virab product and is connectedthe domestic hot water
circulation system.

Apartments with display and DSM

The mixer faucet in the sink is a Gustavsbergaith an energy saving function.

The shower is equipped with a Gustavsberg thermoskar.

The towel drier is a Virab product and is connectedthe domestic hot water
circulation system.

All type 1 apartments
Display Metrima D80
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Appendix 3 — Measurement system — Type 2
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