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Förord 

Designen på vardagsnära produkter spelar en viktig roll för att underlätta energi- och 
resursbesparande beteende. Denna rapport är baserad på projektet ”Standardalternativ som 
potentiellt verktyg för att främja energieffektivt beteende”. Projektet syftar till fördjupad 
förståelsen för hur standardalternativ påverkar användare och hushållens energianvändning 
genom designen. Resultaten ger ökad förståelse för rollen av design i beteende förändringar, 
välbefinnande och energianvändning, och därmed kan bidra till en grund för att förbättra 
riktlinjerna för design och urval av vardagsnära produkter samt hemmiljöer. 

Projektet har finansierats genom anslag från Energimyndigheten dnr P2022-00161, 
programmet Design för energieffektiv vardag. Projektledning tackar Energimyndigheten för 
finansiellt stöd, och SVID som koordinator. 
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Dr Kiran Gerhardsson, LU som har bidragit till förbättring av projektets utformning, och MoRE 
– Lab, LU för hjälpen med lab-lokalen. Ett stort tack till alla deltagare som med engagemang 
delade med sig av sina erfarenheter och upplevelser av vardaglig energianvändning. 
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Sammanfattning 

Skillnaden mellan hur mycket energi man tror att bostadshus ska använda och hur mycket de 
faktiskt använder förklaras ofta av hur de boende gör och vad de föredrar. Genom att 
använda standardalternativ skulle energieffektiva val kunna främjas utan att det upplevs som 
påtvingat. Det här projektet syftade till att fördjupa förståelsen för hur standardalternativ 
påverkar användarbeteende och hushållens energianvändning genom designen. Förinställda 
standardalternativ för rumstemperatur, hushållsapparater, ljusnivå, ljusstyrning, 
vattentemperatur och vattenflöde testades i en testlägenhet med totalt 36 deltagare. Hur 
dessa inställningar påverkade användarupplevelse, energibeteende och energianvändning 
undersökandes i relation till individuella psykologiska faktorer. 

Resultaten visade att användarna i viss mån accepterade de förinställda alternativen, vilket 
tyder på att de kan främja energi- och resurseffektiva beteenden. Emellertid hade vanor en 
stark påverkan på hur användarna interagerade med förinställda alternativen. Ofta ledde 
detta till att energi- och resurssparande funktioner i apparater och produkter blev förbisedda. 

Användarnas interaktioner med förinställda alternativen resulterade i varierande effekter på 

energianvändningen. Det kunde leda till energieffektivisering men också till ökad 

energianvändning. Tideffektivitet, bekvämlighet och komfort var viktiga faktorer som drev hur 

förinställda alternativen användes. Speciellt berodde energieffektivt beteende oftast på 

användarens starka inre motivation att spara energi. Utformningen av hushållsapparater, 

vardagsnära produkter och deras funktioner spelar en viktig roll för att främja energi- och 

resurseffektivitet. Helst bör det vara lättare att ändra förinställda standardalternativ för att 

minska energianvändningen, men kräva ett extra steg, om ändringar skulle leda till ökad 

energianvändning. Funktioner som är intuitiva, dvs lätt att förstå, och justerbara har stor 

potential att öka användaracceptans och användning av standardalternativ, vilket kan 

underlätta energi- och resursbesparande beteende – särskilt hos dem som är drivna att spara. 

Genom att använda tydlig visuell kommunikation såsom grafiska symboler, markör, 

indikatorer samt respons vid ändringar och standarder för användargränssnitt kan designen 

göra det enklare för användare att upptäcka och använda funktioner som sparar energi och 

resurser. 
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Summary 

User preferences and behaviour are often pointed out as the main causes contributing to the 
gap between expected and actual energy use in multifamily buildings. To promote energy-
efficient behaviours among diverse building end-users, default options could be less intrusive 
approaches. This project aimed to acquire a better understanding of the influences that 
default options have on the users and household energy use. Different default options (i.e. 
pre-set choices for room temperature, lighting and lighting control, water temperature and 
flow, and electrical appliances) were tested with a total of 36 participants in the test 
apartment. The effects of default options on user experience, energy behaviours and energy 
use were investigated, taking individual psychological factors into account. 

The findings showed that the pre-set choices were somewhat acceptable to the users, 
thereby suggesting their potentials to promote energy as well as resource efficient 
behaviours. However, habits were found to play an important role in users’ interactions with 
default options. Due to habits, functions and features of relevant appliances and products 
that could contribute to energy and resource savings were often overlooked. 

The interactions with default options led to both increased and decreased energy efficiency. 
This was mostly driven by motivational factors relating to time efficiency, convenience, 
comfort and pleasure. Specifically, energy-efficient behaviours were mostly driven by internal 
motivations to save energy. The designs of electrical appliances, energy-related products and 
features have shown potential to enhance energy and resource efficiency in buildings. Ideally, 
it should be easier to override default options to reduce energy use, but it should also require 
a secondary actuator in case adjustments increase energy use. Easy-to-understand and 
adjustable features have been found to promote acceptance and use of the default options 
among the diverse users, and ease energy and resource-efficient behaviours among those 
with a strong motivation to save energy. To communicate with building end-users about 
energy and resource efficient functions, the designs can be improved by for example, clear 
graphical symbols, level markers, indicators and feedback for state changes, and standards for 
user actions. 
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Background 

How people use energy in buildings affects the overall energy system (Janda, 2011). Human 
behaviour plays an important role in building energy use despite the implementation of 
energy-efficient building design and technologies (Paone & Bacher, 2018). For example, 
energy use in a nearly-zero energy building can be increased through inappropriate and 
inefficient use of electrical appliances and lighting (Barthelmes et al, 2017). The use of kitchen 
appliances and lighting has been found to have significant impacts on household electricity 
use (household EL) (Westin, 2019) and the use of kitchen sink, shower and bathtub together 
has significantly affected energy use for domestic hot water (DHW) (Wahlström et al., 2008). 
Therefore, energy behaviours in relation to the use of these household appliances or products 
are crucial. 

In newly built multifamily buildings with similar design and dwelling types, large variations in 
energy use have been observed for household EL and DHW. Despite different solutions 
applied to achieve building energy efficiency, the differences in between “high” and “low” 
users were about 3-4 times for household EL, and 8-19 times for DHW (Mattsson et al., 
2022a). This is in line with the variations in household EL and DHW found in measurements of 
around 1,000 different apartments over a year (Fransson et al., 2019; 2020). Based on these 
insights, energy saving potentials due to reducing variations in energy use for household EL 
and DHW would be as substantial as the reduction in heating demand for buildings. Given the 
complexity of human behaviour and its impacts on the variations in household energy use, a 
deeper understanding of individuals’ energy behaviours in their dwellings would facilitate the 
design and development of strategies to reduce of such variations. The importance of 
understanding the user perspective is emphasized in design practices aimed at achieving 
energy efficiency for building features, products or interfaces (Mattsson & Johansson, 2022). 
However, designers may anticipate user behaviours and preferences - what they will want 
and need based on an assumed common understanding of the user perspective, what 
sustainable living is, and how it should be operated (Hagbert & Femenias, 2016). To better 
understand, explain and anticipate user behaviours, knowledge about individual psychological 
factors together with the design principles such as user experience design, universal design 
and inclusive design would be desirable. 

In previous research, convenience, comfort and pleasantness of the indoor environment were 
highlighted as individual and internal drivers of energy behaviours (Mattsson et al., 2022a; 
2022b). However, it is often that human take the way of least resistance to the situation so 
that they will not take any action unless they feel that they have to (Lehner et al., 2016). In 
the context of building energy use, for instance, people will not turn on electric lights if they 
perceive daylight as sufficient, nor will they adjust water temperature and/or flow if the levels 
are acceptable. Given this, default options, or pre-set choices of actions, are considered as a 
less intrusive approach to promote behaviour change that has the potential to optimize 
household energy use across building end-users during the buildings’ use phase. Ideally, the 
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users will be provided with energy-efficient choices as defaults, but they can override these 
setting if they have other preferences. 

Setting such pre-set choices may shape energy and resource-efficient behaviours both 
consciously and unconsciously. By setting the default to double-sided option, for instance, it 
can reduce paper waste (Egebark & Ekström, 2013). So far, the study on default options in 
residential buildings have mostly focused on policy levels and are considered as 
experimentally used tools in energy efficiency (Lehner et al., 2016). The knowledge about how 
these tools are used and interacted with building end-users is still lacking. Thus, a more 
thorough understanding of how the default options applied to dwellings function taking user 
preference, behaviour and individual psychological factors into account would allow for 
better design of default options as effective drivers for behaviour change. 

As an initial step, a study in controlled laboratory settings would provide an opportunity for 
initial investigations and therefore, a better understanding of how the users respond to 
default options in relation to individual psychological factors and energy behaviours. In this 
project, the interaction between building end-users and default options, or standard choices 
for room temperature, lighting and lighting control, water temperature and flow, and 
electrical appliances, that could be provided in multifamily buildings were studied. 

Aim and objectives 

The overall aim of the project is to advance knowledge facilitating energy efficiency in 
multifamily buildings and optimising energy use for household EL and DHW in everyday 
practices. The focus is on gaining a deeper understanding of how the design of building 
features and household appliances influences energy behaviour and affects the actual energy 
use in the buildings.  

By conducting a study in a laboratory, the project sought to answer specific questions as 
follows:  

(i) How default options (i.e. pre-set choices for room temperature, lighting and 
lighting control, water temperature and flow, and electrical appliances) are 
experienced and used by building-end users? 

(ii) How do the users’ interactions with default options affect actual energy use? and 

(iii) What are individual psychological factors that influence how the users interact 
with default options and energy behaviours? 

In addition, the project sought to develop an assessment method that could help to 
understand how default options in multifamily buildings interact with the building users and 
affect energy use. The method can be further improved and applied to field studies in 
multifamily buildings. 
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The project advanced knowledge about design-user relation, acknowledging the influences of 
building features, household appliances, products or interfaces, and individual psychological 
factors. It explored the potential effects of default options as drivers of energy and resource-
efficient behaviours. Together, this contributes to improved designs and guidelines that 
facilitate the selection of default options to achieve both energy efficiency and user well-
being, and to promote household energy reduction through behaviour change.  

The project team was comprised of researchers from the subject areas Environmental 
Psychology: Pimkamol Mattsson, Innovation: Anders Warell, and Energy and Building Design: 
Ricardo Bernardo and Niko Gentile, Faculty of Engineering, Lund University. The collaboration 
has previously been established in the previous project (Mattsson et al., 2022a). 

Implementation 

The project was based on ‘Design for Emotion’ approach (Van Boeijen, et al., 2013; 2017) and 
theory of affordances (Gibson, 1979; Norman, 1998). These approaches were adapted to 
describe interactions between users and default options in the context of use (Figure 1). 
Regarding this, default options were considered as emotional stimulus, which should be 
experienced as goal-relevant by supporting everyday household activities assigned to 
participants, leading to behavioural control and actions but at the same time, could be 
perceived as hindering the activities. Users’ characteristics in the interaction process such as 
age, previous knowledge and experience, as well as psychological factors were taken into 
consideration.  

An assessment method was developed by the project team and included self-reports, direct 
observations, and structured interview to investigate how building end-users interact with 
default options together with quantifying energy use for carrying out everyday activities in 
the home setting. To further understand the role of individual psychological factors in energy 
and resource-efficient behaviour, the Comprehensive Action Determination Model (Klöckner 
& Blöbaum, 2010), which describes the influences of habits, norms, attitudes together with 
the physical context, was applied to guide the interviews as well as self-reports. In addition, 
Goal-framing theory (Lindenberg & Steg, 2007;2013) was considered to describe motivation 
as behaviour drivers. 
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Figure 1. Conceptual framework 

The data collection took place in Reality Home, a part of the MoRE Lab, at Lund University 
(Reality home | MoRe-Lab). The Reality Home is a fully functional 2-room apartment, with 63 
sq.m. and an outdoor veranda (Figure 2). This test apartment is specifically designed for 
people with impaired mobility, built to Swedish standard and included fully functional 
household appliances. For this project, relevant household appliances and products providing 
default settings were reviewed and selected to replace some existing ones in the test 
apartment. The universal design principles (Story et al., 1998) and affordances (Gibson 1979; 
Norman, 1998) were also applied to guide the selection. 

A total of 36 persons participated in the project. Six persons (2 males, 4 females, 29-60 years) 
participated in the pilot study and 30 persons (12 males, 18 females, 21-66 years) participated 
in the main study. About 50% of the participants had either been living or had originated from 
other countries, and the rest were from Sweden. The participants were informed that the 
study was voluntary and that their participation would be rewarded with a gift card. 

https://www.more-lab.lu.se/facilities/reality-home
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Figure 2. Floor plan (modified from Kiran Maini Gerdhardsson) and indoor environments of 
the test-apartment 

The participants were asked to walk around and at the same time, were informed about the 
test apartment and its functions. Thereafter, they were asked to perform five activities that 
required them to experience and interact with the default options as pre-set choices for 
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indoor temperature, lighting and lighting controls, household appliances, water temperature 
as well as water flow. The participants were informed that they can override the pre-set 
choices when performing the activities. Consequently, energy used for household EL and 
DHW would be influenced by how energy-related appliances or products were used. The 
activities and energy-related appliances or products studied in this project are summarised in 
Table 1.  

To provide a stronger basis for analyses, a mixed method approach (Creswell, 2003) was 
applied. First the pilot study (Mattsson et al., 2023; Mattsson & Warell, 2024) was conducted 
with the six participants to evaluate the assessment method and study design. Thereafter, the 
method and study design were revised for the main study conducted with the 30 participants. 

The participants were divided into two equal groups: (1) control group – the participants were 
asked to perform the activities as they would usually do, and (2) test group – the participants 
were asked to perform the same activities but they have to try to minimise the use of energy 
for household EL and DHW as much as possible; in other word, to use energy for household 
EL and DHW as little as possible. 

The following data were collected: 

- background information and perceived indoor environmental quality by self-reports.

- use of the default options, i.e. whether the participant has overridden the default 
options, when performing the activities, by direct observation.

- experience of the default options after completing each assigned activity by semi-
structured interview.

- factors influencing the interactions with default options by semi-structured interview.

- energy used for lighting, electrical appliances and hot water by on-site measurements 
and calculations. 

The observed behaviours (i.e. whether the participant has overridden the default options, 
when performing the activities), interviewed data on experience of using the default options 
and energy data were analysed by statistical comparisons and correlation tests. Furthermore, 
the thematic analysis was applied for mapping individual psychological factors influencing the 
interactions with default options onto the interviewed data. 
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Table 1. Activities and energy-related appliances or products 

Activity Energy-related appliance or product 
affecting the use of household EL 
and DHW 

1. vacuum cleaning 
the kitchen floor 

o vacuum cleaner 

o lighting and lighting controls 

o electrical heater and 

thermostats 

2. washing hands 
with soap in the 
bathroom 

o faucet and faucet aerator 

o lighting and lighting controls 

o thermostat 

3. preparing the 
simple meal 
(Quesadillas) and a 
cup of tea in the 
kitchen 

o cooking appliances: stove, 

exhaust fan 

o kettle 

o lighting and lighting controls 

o electrical heaters and 

thermostats 

o kitchen faucet and faucet 

aerator 

4. reading a short 
newspaper article, 
and writing to 
answer the related 
questions 

o lighting and lighting controls 

o electrical heaters and 

thermostats 

5. washing dishes 
by hands in the 
kitchen 

o kitchen faucet and faucet 

aerator 

o lighting and lighting controls 

o electrical heaters and 

thermostats



13 (23) 

Results 

The assessment methodology was developed to capture users’ interactions with default 
options and their emotional effects through users’ goals, expectation and/or beliefs about 
how energy-related appliances, products or features should work, dispositional liking or 
disliking their qualities, and relevant individual psychological and contextual factors. In line 
with the concept of user journey mapping (e.g. Lankmilier, 2021), this visualised interactions 
between users and default options. 

How default options (i.e. pre-set choices for room temperature, lighting and lighting control, 
water temperature and flow, and electrical appliances) are experienced and used by building-
end users? 

Experiences and use of default options 

The physical environment, energy-related appliances or products and their features were 
experienced as facilitating assigned activities by providing guidance on how to carry them out 
in certain ways, thereby helping participants to achieve the goals related to the respective 
activities. However, this was still questionable for the vacuum cleaner and the kitchen faucet 
aerator. The scores for participants’ experience of using these two products (M = 3.79 (of a 5-
point scale), SD = 0.91, N = 36 for the vacuum cleaner, and M = 3.63 (of a 5-point scale), SD = 
0.92, N = 36 for the kitchen faucet) were lower than the other products.  

All the products generally received at high scores for ease of use, rightfulness and usefulness, 
except for the lighting controls, which were perceived as difficult to understand (M = 3.89 (of 
a 5-point scale), SD = 1.00, N = 33). Spearman’s correlation showed that perceived ease of 
use, rightfulness and usefulness of products strongly associated with the users’ experiences of 
using the products to meet the goals of the respective assigned activities (p< 0.001, 2-tailed, 
N = 180) whereas perceived ease of understanding strongly associated with perceived ease of 
use (p< 0.001, 2-tailed, N = 180). These relations were apparent for the kitchen faucet and 
aerator. 

Overall, adjustments made to the default options for test groups and control groups are 
summarised in Figure 3. 
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(a) 1. vacuum cleaning the kitchen floor (b) 2. washing hands in the bathroom 

(c) 3. preparing the simple meal and a cup of tea in the kitchen 

(d) 4. reading and writing (e) 5. washing dishes by hands in the kitchen 
Figure 3. adjustments made to the default options (areas with darker fill for both groups show 
the proportions of adjustments made to the pre-set choices, leading to reduced energy use)
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Electrical heaters and thermostats 

There were no adjustments made to the pre-set room temperatures (between 18 °C and 24°C 
measured during the project time), i.e. no use of electric heaters. Most participants in both 
groups have already adopted adaptive behaviour by having suitable clothes or adjusting layers 
of clothing according to the temperature when performing the activities. 

Lighting and lighting controls 

Adjustments were always made to pre-set lighting conditions (between minimum average 
level of about 0.01 lux measured when collecting the data after dark and maximum average 
level of about 24.39 lux measured when collecting the data on a sunny day). Electric lighting 
was often turned on to enhance visual comfort as daylight in the test apartment was 
generally perceived as insufficient by participants in both groups. Kitchen lighting at the 
counter, sink or kitchen island was always turned on by the participants to improve visibility 
when performing the different activities whereas general lighting in the living room was 
turned on for a more pleasant atmosphere. Lighting in the bathroom was often turned on 
when washing hands. 

Though the lighting was used, participants in the test group seemed to make more conscious 
choices to use the lamps that they considered as necessary for performing each specific 
activity. A couple of participants only relied on daylight while performing their activities. Most 
participants only turned on the specific task lamps (i.e. the lamp above the sink in the 
bathroom when washing hands, the lamps above the stove or the counter when cooking, a 
reading lamp when reading, and the lamps above the kitchen sink when washing dishes by 
hands). To use energy for lighting as little as possible, most participants in the test group 
changed their behaviours (i.e. only turned on essential lamps for the activities, turned off 
when not needed and make an effort to get access to daylight). 

Electrical appliances 

Adjustments were made to the pre-set choices for the household appliances studied in this 
project, i.e. the participants in both groups overrode the ‘smart’ function of vacuum cleaner 
and the pre-set temperatures of kettle and stove in the kitchen. 

It was also obvious that most participants in the test group seemed to be more aware and 
conscious in their interactions with default options for the appliances. Despite the ‘smart’ 
function of vacuum cleaner, the participants further chose lower effects considered as 
sufficient. In contrast, the maximum effect was chosen since it was considered as time 
efficient. Temperatures on the stove were chosen in accordance with the cooking activities (in 
this case was often medium heat otherwise, high heat was first chosen and later lower to 
medium or low heat). Some participants turned off the stove earlier and continued using 
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remaining heat on the stove for the cooking. (it is noted that there was only one option, i.e. 
turning on/off for kitchen exhaust fan). 

Furthermore, the pre-set for kettle temperature were often kept at 90°C or lowered to 80°C. 
However, the temperature of 100°C was also chosen as preferred temperature. Regardless 
the temperatures, about 66.70% of participants in the test group filled the kettle with water 
at the minimum level (0.250 litres), which is sufficient for making a cup of tea. Participants in 
the control group filled the kettle with water from 0.250 litres to 1 litre. 

To use energy for the electrical appliances as little as possible, more than 50% of participants 
in the test group changed behaviours by seeking for opportunities to save or to waste less 
energy. These changes were, for instance, preparing the room before vacuum cleaning to use 
lower effect or less time, measuring water with a cup before filling the kettle and turning off 
the stove earlier to use remaining heat). There was no use of multi-socket extension to carry 
out the activities apart from the existing sockets. 

Faucet and faucet aerator 

Adjustments were made to the pre-set water temperature and water flow in the bathroom 
and in the kitchen. To wash hands, more than 50% of participants in both groups adjusted the 
pre-set ‘neutral’ water temperature while the pre-set water flow was occasionally adjusted. 
Among the participants who overrode the pre-set temperature, more than half of the control 
group and 90% of the test group chose lower temperatures. In addition to the individuals’ 
preference, the reason that the participants kept or lower the pre-set temperature was 
related to time (i.e. the temperatures were acceptable for washing hands just within a short 
period of time). 

In the kitchen, the pre-set water temperature was mostly overridden (i.e. lowered the 
temperature to make tea and increased the temperature to wash dishes by hands) whereas 
water flow was rarely adjusted. The reason participants chose cold water for making tea was 
related to their knowledge that warm water from the tap might contain copper and 
therefore, not good for drinking. Most participants increased the temperature to its highest 
setting when washing dishes, especially for removing grease from the pan effectively. 
Moreover, the pre-set water flow was adjusted to the maximum since it was considered as 
time efficient. Low-flow effects were sometimes chosen to avoid splashing. 

Like the electrical appliances, most participants in the test group seemed to be more aware 
and conscious of their interactions with the default options and use of the faucets and faucet 
aerators. Generally, colder temperature and low flow effects were considered as sufficient 
and therefore, chosen. To remove grease, warm or the warmest temperatures were often 
chosen while the participants tended to carry out the activity as fast as possible without 
adjusting the pre-set water flow. Some of the participants wiped out grease from the pan 
with kitchen towel paper before washing. To use energy for domestic hot water as little as 
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possible, most participants in the test group changed behaviours by using less water than 
usual, avoiding washing with running water, and turning off the water tap when not in use. 

How do the users’ interactions with default options affect actual energy use? 

The interactions of default options resulted in behavioural outcomes that could be 
categorised as  

• active use (i.e. adjustments made to the pre-set choices led to increased energy use) 

• passive saving (i.e. no adjustments were made to the pre-set choices), and 

• active saving (i.e. adjustments made to the pre-set choices resulted in a reduction in 
energy use). Obviously, active use was mostly found among the activities performed 
by participants in the test group. (refer to Figure 3). 

Electrical heaters and thermostats 

Since there were no adjustments made to the pre-set room temperatures or no use of the 
electrical heaters, the electricity use was 0 kWh. If the pre-set temperatures are overridden 
using either one or two electrical heaters provided in the test-apartment and the occupied 
time are 14 hours in according to the building standard (Sveby, 2012), energy used for each 
electrical heater would be between about 11.94 kWh/day for its minimum effect and 28.20 
kWh/day for its maximum effect. 

Lighting and lighting controls 

Energy used for electric lighting varied from 0 kWh when participants solely relied on daylight 
to complete an assigned activity, between 0.0016 kWh and 0.016 kWh when only necessary 
light source(s) were on, 0.040 kWh when all light sources in the kitchen were on, and to 0.048 
kWh when most of electrical light sources were on for one hour. It is noted that no 
participants turned on all the light sources in the test apartment at the same time when s/he 
carried out the assigned activities. 

Electrical appliances 

Despite the pre-set choices, energy used for the electrical appliances varied depending on 
duration of use. For the vacuum cleaner, it mostly took about 3-5 minutes for the participants 
to clean the kitchen floor, regardless the chosen effects. When the pre-set choice of the 
vacuum cleaner was overridden, the energy use could vary between about 0.010 and 0.036 
kWh for the lower effects and a 5-minute cleaning time, and about 0.032 kWh for the 
maximum effect and a 3-minute cleaning time. 
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Energy used for the cooking appliances varied from 0 kWh when the participant decided to 
make ‘cold’ quesadillas to avoid using energy to 0.269 kWh when a medium heat was chosen 
for a 7-minute cooking time. When participants turned off the stove earlier and used the 
remaining heat for cooking, the energy use could be reduced to 0.191-0.230 kWh. Energy 
used for kitchen exhaust fan would be about 0.023 kWh (using the default of 200 watts). 

When the kettle’s pre-set temperature was kept at 90°C, and the water level was at the 
minimum of 0.250 litres, it took about 1 minute for the water to boil, and the energy use was 
0.025 kWh. The energy use increased to 0.049 kWh when the water level was 0.500 litres and 
the boiling time took 2 minutes, and to 0.100 kWh when the water level was 1 litre and the 
boiling time took 4 minutes. The energy use decreased significantly when the temperature 
was changed to 80°C, resulting in shorter boiling times. These reductions were obvious when 
the water levels were above 0.500 litres. In contrast, the energy use increased to 0.036 kWh 
for 0.250 litres, 0.060 kWh for 0.500 litres and 0.114 kWh for 1 litre when the temperature of 
100°C was chosen and respective boiling times were therefore, longer. 

Faucet and faucet aerator 

Energy used for DHW was about 0.288 kWh at the pre-set choice of 38°C at the faucet and 
increased to about 0.493 kWh every time the temperature was increased to the warmest 
setting. Since most participants chose lower temperatures than the pre-set choice for 
washing hands within about one minute and for cooking, these activities generally required 
less energy. When a participant washed dishes by hand using the warmest water temperature 
setting, the pre-set water flow and 5 minutes for washing, energy used for DHW was 2.465 
kWh compared to 1.440 kWh when the pre-set water temperature was kept. 

What are individual psychological factors that influence how the users interact with default 
options and energy behaviours? 

The interactions with default options were not solely influenced by the contextual factors in 
particular, energy-related appliances, products and their features but also by individual 
psychological factors. Habits and motivations were found to play important roles in the 
adjustments made to the pre-set choices. Active use was often associated with habits and 
motivated by gain goals (i.e. saving time for cleaning by using maximum effects of the 
appliances and water at the warmest temperature setting), and hedonic goals (i.e. enhancing 
pleasantness and comfort by turning on several lamps and having warm water). However, 
hedonic goals also influenced Active saving (i.e. enhancing comfort as well as subjective 
wellbeing by using low flow water to avoid splashing, using cold water to wash hands due to 
sensitive skin and having low effects of the appliances to reduce noise and sound). In general, 
habits were found to influence the participants’ interactions with default options. In most 
cases, the functions and features of appliances that could contribute to energy and resource 
savings were overlooked because of habits. 
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Further, the perceived obligations to engage in energy-efficient behaviours and awareness of 
the negative environmental impacts of energy behaviours were mentioned by a couple of 
participants as a reason to keep the pre-set choices. The participants also expressed 
awareness of the adverse consequences of not performing energy-efficient behaviours in 
relation to environmental impacts. However, these factors did not always influence how they 
interacted with the default options when other factors like time-efficiency, pleasantness, 
comfort and convenience were more considered. Previous knowledge and experience were 
obviously found to have influences. The adjustments made to the pre-set water temperature 
were due to the previous knowledge or experience that warm water may contain copper and 
not good for cooking but is more effective in cleaning grease and dirt. Some participants 
turned off the stove before finishing cooking because they have had experienced that stoves 
could remain warm even after being turned off. In contrast, the knowledge about energy-
efficient light source and less impacts of turning lights off on energy savings was found to 
influence the adjustments made to the lighting settings. Regarding Active saving for lighting, 
concerns about energy cost and energy waste were often mentioned as reasons for turning 
off lights when not in use. 

Regardless of the instructions given to control and test groups, participants with high levels of 
internal motivation and strong intentions to save energy actively sought opportunities in the 
physical environment and through the functions or features of the appliances that can 
contribute to energy and resource savings. In relation to this, the participants experienced 
designs of energy-related appliances and products (i.e. vacuum cleaner, faucet, faucet 
aerator, stove, kitchen exhaust fan, kettle, lamps, lighting control system and devices) studied 
in this project as both behavioural facilitators and constraints. 

Discussion 

The use of default options can be considered as less intrusive approach to support energy-
efficient behaviours as well as promote behaviour change, thereby having a potential to 
optimize household energy use across building end-users. This approach could be applied to 
the development and design phase, and the use phase of buildings. However, it is important 
to understand the user perspective in relation to design practices. Together with the design 
principles such as user experience design, universal design and inclusive design, the 
knowledge about individual psychological factors would help to understand, explain and 
anticipate user motivations and behaviours. 

The project has advanced knowledge on design-user relation acknowledging the influences of 
building features, appliances, products or interfaces, and individual psychological factors as 
drivers of energy and resource efficient behaviours thereby, energy efficiency in multifamily 
buildings. This would benefit building practitioners, building owners, and designers through 
insights about the use of default options in multifamily buildings. Moreover, the knowledge 
can facilitate energy simulations taking diverse users and their differences in energy 
behaviours into consideration. The project also provided an opportunity for the participants 
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to reflect on their energy behaviours and energy-saving potentials through their interactions 
with default options and behaviour change. Based on the findings, the pre-set choices were 
somewhat acceptable. This was partly because the participants struggled to regulate the 
energy-related appliances and products to meet their preferences and therefore, took the 
way of least resistance to the pre-set choices. 

To further optimise energy-efficiency in buildings by promoting behaviour change, default 
options should be applied together with strategies targeting individual psychological factors. 
Despite the awareness to use energy as little as possible, it was found that the participants 
did not always change their energy behaviours when interacting with the default options. This 
was primarily due to their established habits. Moreover, the findings emphasised the 
significance of internal motivations in the participants’ interactions with default options. 
Those with strong motivations and intentions to save energy looked for energy-saving 
opportunities in the physical environment and through the functions or features of household 
appliances and products. Designs of household appliances and products such vacuum cleaner, 
faucet, faucet aerator, stove, kitchen exhaust fan, kettle, lamps, lighting control system and 
devices were found to affect the users’ energy behaviours. 

Taken together, it is important to consider default options in the design and management of 
buildings, especially, included in the design of household appliances and products. In addition 
to the standardised indoor temperatures in multifamily buildings, the pre-set choices should 
always be applied to the building and product design for example: 

• ample amounts of daylight particularly, in kitchens and family rooms to reduce the use 
of electrical lighting; separate ambient lighting from task lighting with respective 
controls and devices. 

• limited number of electrical power sockets to avoid plugging electrical appliances 
when not in use. 

• neutral water temperature; temperature controls can serve as secondary actuator if 
higher water temperatures are preferred. 

• lowered water flow by installing low flow faucet aerators and/or shower heads in 
kitchens and bathrooms; setting water flow at neutral or low levels and having control 
devices as secondary actuator if higher levels of water flow are preferred. 

Furthermore, it is important that electrical appliances, energy-related products and their 
features communicate with users about the energy and resource-efficient functions. Easy-to-
understand and adjustable features were considered to potentially promote acceptance and 
use of the default options for energy and resource efficiency for different users, and ease 
energy behaviours for those with high motivation to save energy. Specifically, the designs of 
building features, electrical appliances and energy-related products can be improved to 
facilitate energy and resource-efficient behaviours by, for example: 
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• clear graphical symbols to visually communicate about the appliances/products’ 

energy and resource efficient functions; telling the user what to do and providing 

clues. 

• clear level markers on kitchen appliances such as stoves, exhaust fans, and kettles. 

• clear indicators and/or feedback for state changes. 

• standards for the user’s action i.e. features pointing up, to the right, clockwise or away 

(from the user) mean turning on or increasing levels; in contrast, features pointing 

down, to the left, counterclockwise or towards (the user) mean turning off or lowering 

levels. 

• low physical effort for actuations. 

It is also important to communicate with building end-users continuously about other aspects 
of household energy use for example, electricity prices, spot prices, local energy sources and 
their environmental impacts, and household hidden ‘energy thieves’. The participants 
identified these aspects as influencing factors. Still, it is important to consider key factors that 
drive energy behaviours across diverse building end-users in the design and management of 
buildings. Moreover, designing household appliances and products with pre-set choices and 
choosing such appliances and products as potential drivers of behaviour change are essential 
steps. This, together, would provide a means of reducing energy waste by affecting 
behaviours of building end-users. 
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