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Abstract

Buildings are part of a city, being the residential buildings responsible for a 
considerable share of the energy consumption. The energy consumption associated 
with the different residential energy services (lighting, cooking, water heating, 
etc.)  is influenced  by  the  way consumers  use   each  of  them.  Accordingly, 
consumers play an important role on the residential energy consumption and up 
to 20% energy savings can be achieved by actions targeting behaviour. This work 
focuses on the Portuguese case, and analyses the adoption rate of a set of energy 
saving behaviours associated with a group of residential equipment: lighting 
systems, washing machine, refrigerator, television, computer and dishwasher. The 
most common consumers’ behaviour were identified f or e ach e quipment, and 
Portuguese studies which quantitatively evaluated the adoption rates of those 
behaviours were reviewed. A comparison is performed concerning the different 
values of adoption rates obtained from different studies. The different scopes 
and methodologies employed by the different studies make the comparison a 
challenging task. Behaviours, which the adoption rate did not address in previous 
studies conducted in the country, are identified, such as the case of using daylight, 
instead of artificial light, during the day.
Keywords: residential buildings, energy savings, energy consumption, behaviour, 
eqquipment, adoption rate.

1 Introduction

It is consensual that solutions leading to sustainability are essential. Being the
cities responsible for the largest consumption of energy resources and the buildings

&

 WIT Transactions on Ecology and The Environment, Vol 193,
 www.witpress.com, ISSN 1743-3541 (on-line) 

© 2015 WIT Press

doi:10.2495/SDP150661

Sustainable Development and Planning VII  785



one of the most important physical elements of a city, it is important to design and
implement measures which lead to sustainable development at the urban level.

With a considerable share of the population moving to cities in last decades,
the residential buildings are responsible for a considerable share of the energy
consumption of a city. The energy required for cooking, air heating, water heating,
air cooling, lighting and other electric equipment are the main residential final
energy uses demand, mostly fulfilled by electricity. Another essential element
of a city is the population who works and lives there, influencing the energy
consumption of the buildings, and consequently of the city. In this way, the users
of the buildings play a crucial role on the residential energy consumption of a city.

During the last decades, general energy efficiency policies in OECD countries
have focused essentially on increasing the energy efficiency of buildings,
appliances, vehicles and industrial equipment and operations, and less attention
has been paid to changing the way consumers use energy (Geller et al. [13]).
Indeed, it has been asserted that measures targeting behaviour change can lead to
potential energy savings up to 20% [1]. Behaviour change may affect two types
of behaviours: i) investment behaviours, which are related to the adoption of new
technology (new equipment) and occur occasionally, and ii) habitual behaviours,
which are considered a routine, and are automatically repeated by consumers
without a previous evaluation of its consequences.

The Portuguese population already adopt some energy saving behaviours.
However, its adoption rate may have potential to be enhanced. The aim of this
work is to summarize quantitative values of the adoption rates of some energy
saving behaviours likely to be adopted in the residential sector, i.e. the share of
Portuguese population who claims to adopt specific energy saving behaviours.
Wherever possible, based on values gathered from different studies, it is aimed
to present confidence intervals of the adoption rate of some of them.

2 Methodology

Under the scope of this work, a set of equipment was selected to be analysed
according to four decision criteria: the ownership rate of the equipment, its annual
energy consumption, its load diagram shape and a measure of the availability of
general quantitative data. From a list of 25 different types of residential equipment
it was concluded that the lighting systems, the washing machine, the refrigerator,
the microwave oven, the television, the computer and the dishwasher are the most
relevant equipment to be analysed. However, despite its relevance, the microwave
oven had to be cut off from the analysis due to lack of relevant quantitative
information.

For the referred set of equipment, the most common types of energy saving
behaviours were identified. With the aim of connecting demand-side management
actions with behaviour change programs, the identified behaviours were grouped
by the type of loads they represent. Accordingly, four groups of loads were defined:
investment dependent loads (investing in a more efficient equipment), loads prone
to energy conservation actions (using the equipment in a more conservative way),
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Table 1: Behaviours associated with loads prone to energy conservation actions.

Equipment Behaviour

Lighting
systems

Using daylight
Turning off

Washing
machine

Using low washing temperatures
Using full capacity

Refrigerator

Avoiding opening the door
Maintaining the door seals in proper conditions
Avoiding keeping warm food inside
Unfreezing food inside
Removing the layer of ice
Keeping the auxiliary ventilator and condenser in good
operating condition
Re-thinking the location

Television and
Computer

Interrupting the operation (either by switching it off or
leaving it in stand-by)
Switching off the supply (avoiding the stand-by mode)

Dishwasher
Using low washing temperatures
Allowing natural drying
Using full capacity

deferrable loads (using the equipment in a different period of the day, indirectly
contributing to energy savings.) and loads responding to changeable parameter
settings (adjusting the thermostatic parameters of the equipment in order to save
energy). Table 1 identifies, for the six selected equipment, the types of behaviours
associated with loads prone to energy conservation actions, the only type of load
addressed in this work.

Apart from the loads prone to energy conservation actions being the
only type of load considered, behaviours associated with the other types of
loads include: replacing the equipment by a more efficient one (investment
depend load associated with the lighting systems, washing machine, refrigerator
and dishwasher), applying sensors/regulators in lighting systems (investment
dependent load), shifting the usage period of the washing machine and dishwasher
(deferrable load) and regulating the operating temperature of the refrigerator (load
responding to changeable parameter settings).

Taking into account the Portuguese population and the selected equipment and
behaviours, several Portuguese studies which addressed energy saving behaviours

 WIT Transactions on Ecology and The Environment, Vol 193,
 www.witpress.com, ISSN 1743-3541 (on-line) 

© 2015 WIT Press

Sustainable Development and Planning VII  787



in a quantitative way were reviewed. Only studies which reported surveys in one
of the phases were considered.

Mainly two different types of works were reviewed: 1) studies and reports
carried out by national entities, whose data reflect the reality of the country, at
a certain reference year and 2) studies based on surveys launched among a certain
sample, in a voluntary basis or not, which may be or may not be representative of
the country. Moreover, all the studies had different scopes and methodologies.

Wherever possible data from different studies are combined and average values
of the adoption rates of behaviours are computed, by weighting the sample size of
each study.

Different questionnaires were used in the surveys conducted by the studies
reviewed, making sometimes difficult to combine the results from the studies to
obtain average values. Particularly, some studies addressed the adoption frequency
of a certain behaviour (e.g. always, sometimes, never) and others did not.
Moreover, among the studies which considered the adoption frequency different
scales and qualitative values were used. For this reason, in order to combine the
data from different studies, the cumulative sum of the values corresponding to
adoption frequencies from always to sometimes, was considered, instead of the
individual values of each frequency. As a result, by doing so, some information is
lost. Additionally, for studies not addressing the adoption frequency, the qualitative
value was considered that corresponds to the middle point of a generic Likert scale
of frequency ranging from never to always, i.e. sometimes.

3 Adoption rates of energy saving behaviours

This section presents a review of the adoption rate of the behaviours, stated in
Table 1, referent to loads prone to energy conservation actions.

3.1 Lighting systems

The saving behaviours most commonly referred associated with lighting systems
are related to turning the lights off when not necessary and using daylight instead
of artificial light during the day. However, no data could be collected concerning
behaviours associated with daylight use.

3.1.1 Turning the lights off
Several studies reported conclusions about the habit of turning the lights off when
not necessary. One of these studies concluded that 62% of the sample almost
always adopt the referred behaviour [2]. Another study seem to be in agreement
with this value [3]. According to Rebelo et al. [3], 57% of the respondents claim
to almost always turn the lights off when leaving a room and it becomes empty,
and 61% claim to almost never leave the lights on when nobody is in the room, the
complementary of the former [3].

Another study, analysed, for five Portuguese regions covering the country, the
adoption rate of turning the lights off when not necessary, but not referring any

 WIT Transactions on Ecology and The Environment, Vol 193,
 www.witpress.com, ISSN 1743-3541 (on-line) 

© 2015 WIT Press

788  Sustainable Development and Planning VII



Figure 1: Habitual washing temperatures used in washing machines [6].

adoption frequency [4]. Values presented in this study are slightly higher than the
ones previously referred, varying from 75 to 85%. For the country, the average
adoption rate is 81% [4].

An additional study, considered a Likert scale of seven points (from never to
always), and concluded that on average the respondents claimed to often turn the
lights off when leaving a room for more than 5 minutes or before leaving it. 57% of
the sample referred to, at least sometimes, turn the lights off when leaving a room
for more than 5 minutes or before leaving it. Similarly, considering a scale from
very improbable to very probable, the same study concluded that, on average, the
respondents claim it to be probable to try in the next 2 months to turn the lights off
when leaving a room for more than 5 minutes or before leaving it [5].

Considering the studies referred above, on average, from a total of 4332
equivalent individuals, 62% of them claim to turn the lights off when leaving a
room, representing 0.04% of the total population of Portugal. It can be said that
the adoption rate of this behaviour varies between 44 and 81%, with a confidence
level of 95%.

3.2 Washing machine

Associated with the washing machine, the use of low temperature cycles and the
use of its total capacity are the most common behaviours.

3.2.1 Using low washing temperature
Some studies evaluated the behaviour associated with the temperature used in
the washing machine’s cycles. However, it is notable that the results particularly
depend on the sample. For one of the samples, Figure 1 shows the number
of households usually using a certain washing temperature [6]. According to
Figure 1, 71% of the households habitually use low temperature washing cycles
(temperatures up to 40°C), whereas almost 20% of them use 60-degrees washing
cycles.

Another study concluded that only 12% of the respondents use low temperature
washing cycles [2], strongly contrasting with the values obtained within the
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Figure 2: Adoption rate, by region, of using washing machine only when full
(ADENE [4]).

EcoFamı́lias project, which conclude that among all the households, 87% use
washing cycles limited to 40°C [7].

Considering the wide range of values referred by the cited studies, it is not
possible to combine the values to estimate an average value with an acceptable
confidence level.

3.2.2 Using its full capacity
Several studies addressed the habit of using the washing machine only when its
total capacity is fulfilled. Figure 2 presents the results obtained in one of these
studies [4]. The study evaluated this type of behaviour for different Portuguese
regions. In this case, the variation between the regions is not significant and the
average of the adoption rate for all the regions is as low as 21%. Even lower, was
the adoption rate of 9% obtained by Energaia [2], which also evaluated this type
of behaviour for different regions. On the contrary, Pinheiro [8] concluded that
80% of the respondents use the washing machine at its full capacity. However, this
study is referent to a building complex in Lisbon, a strict sample, in opposition to
the other two studies referred.

Two other studies, besides evaluating the adoption rate of this behaviour, also
considered its adoption frequency. This fact, hamper the comparison with the
previous studies. The adoption rates obtained in both are relatively in agreement.
One of them pointed that 79% of the respondents declared to always use the
washing machine when full, 19% of them sometimes and only 2% of them claimed
to almost never use it when full [9]. According to another study [10], around 85%
of the respondents declared to always use the washing machine when full.

Since for this type of behaviour a wide range of values were collected, it is not
possible to combine the values to obtain an estimation of an average value for the
adoption rate with an acceptable confidence level.
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3.3 Refrigerator

The refrigerator is the equipment to which the largest number of different
behaviours was collected. The most common behaviours associated with the
refrigerator are related to the number of times and period of door’s openings, the
non-existence of a layer of ice in the internal surfaces of the freezer compartment,
its correct location and habits of unfreezing and do not keeping warm food
inside it. Moreover, behaviours related to its maintenance, as keeping the seals,
the condenser and the auxiliary ventilator in good operating conditions are also
included.

Regarding the habit of opening the refrigerator’s door, Rebelo et al. [3]
concluded that more than half of the sample almost always close the refrigerator’s
door quickly when using it, avoiding keeping it open for long periods. However,
this was the only study addressing this type of behaviour.

Concerning the existence of a layer of ice superior to 5 millimetres on the
surfaces of the freezer compartment, no information could be collected.

Despite the large number of potential energy saving behaviours, compared to
the other energy services analysed, little information about behaviours associated
with refrigerators could be gathered. No studies were found concerning the habit
of do not keeping warm food inside the refrigerator or unfreezing food inside it
as well as the behaviours associated with its maintenance (keeping the seals, the
condenser and the auxiliary ventilator in good operating conditions).

3.4 Television and computer

Associated with the television and computer there are two distinct behaviours
which may be confused to one another. One of them consists of interrupting the
equipment operation when not necessary (either by turning it off completely or
leaving it in stand-by mode), and the other consists of actually switching off the
supply, avoiding the stand-by mode.

3.4.1 Switching off the supply
Considering the electric equipment in general, and not specifically the television
and the computer, several studies presented values about the habit of switching off
the supply of the equipment instead of leaving them in stand-by mode. From the
studies reviewed, the adoption rate of this type of behaviour varies between 35 and
61%. However, in three of them, this range is shortened to values between 40 and
49% [2, 4, 10].

According to Energaia [2], 44% of the respondents claim to switch off the
equipment’s supply, not leaving them in stand-by mode. Quite similar values are
presented in another study [10], which also compared the differences between
households inside and outside Lisbon. A third study, which analysed different
Portuguese regions, concluded that on average the adoption rate of this behaviour
is 49% [4]. Two other studies [3, 9] evaluated the habit of leaving the equipment
in stand-by mode instead of switching off its supply, i.e. the complementary
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Figure 3: Adoption rate and frequency of leaving the equipment in stand-by mode
(instead of switching it off) [3, 9].

behaviour of switching off the supply. Both studies present values in agreement
with each other, as shown in Figure 3.

Assuming that “never leaving the equipment in stand-by mode” is equivalent to
“always switching off the equipment’s supply”, according to Figure 3 it is possible
to conclude that 66% of the respondents usually switch the equipment off (i.e.,
almost never, never or sometimes leave the equipment in stand-by mode).

The average of the adoption rate presented in the referred studies, corresponding
to 12,077 equivalent individuals (0.12% of the total Portuguese population), is
40%, varying between 23 and 57%, with a confidence level of 95%.

Regarding the television individually, it is known that from the 7,475,656
televisions existing in the Portuguese households in 2011 (on an average of two
televisions per household), 43% were usually left in stand-by mode, as national
statistics at country level show [11]. Considering this number, it may be assumed
that 57% were usually switched off. However, when studies are targeted to small
samples, different values may be obtained. For example, Morais [12] concluded
for a neighbourhood that only 30% of the respondents switch off the television’s
supply, half of the value claimed by national statistics.

In the case of the computer, according to national statistics, from the 3,102,548
computers existing in the Portuguese households in 2011 (on average one
computer per household), only 10% were usually left in stand-by mode [11],
meaning that 90% of them were usually switched off. In comparison to the
neighbourhood study [12], similar values were achieved, also for the cases of
monitor and laptop. According to this study, a big difference exists between the
behaviours associated with the desktop and the laptop: 90% of the respondents
claim to switch off their desktop, whereas only 50% claim to switch off their
laptop.
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Figure 4: Adoption rate and frequency of interrupting the operation of the
computer and its monitor [3].

3.4.2 Interrupting the operation
Concerning the behaviour associated with interrupting the television and/or the
computer’s operation when they are not being used, little information was
gathered. However, regarding the residential equipment in general, Ferreira [10]
concluded that on average 15% of the respondents often leave the equipment
on when not using it, therefore allowing to assume that 85% often interrupt its
operation when not using it.

Regarding the computer, according to Rebelo et al. [3], around 55% of the
sample claim to almost always interrupt the computer and its monitor’s operation
when not using them, as shown in Figure 4. In a general way, interrupting the
computer’s monitor operation when not in use appears to be a more adopted
behaviour when compared to interrupting the computer’s operation.

Summing up the adoption rates of the respondents claimed to almost always,
usually or sometimes adopt these behaviours, it can be said that 87 and 97%
often interrupt the operation of their computer and the computer’s monitor,
respectively [3]. Similar values were found in [12], concluding that 92% interrupts
the operation of the computer’s monitor when not using it and 97% the television
operation, either by switching them off or leaving them in stand-by mode. Besides,
[12] also refers rates of 100% for the case of the computer (desktop and laptop).

3.5 Dishwasher

The behaviours associated with the dishwasher are related to using low
temperature washing cycles, fulfilling its total capacity and allowing the natural
drying of the dishes by skipping the drying phase. No data could be gathered
concerning the last one.

3.5.1 Using low washing temperature
There are some studies concerning the dishwasher’s washing temperature.
However, similarly to the case of the washing machine, the adoption rate of a
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Figure 5: Adoption rate of behaviours associated to dishwasher’s usage [10].

certain temperature considerably varies from study to study. Besides, the different
questions used in the surveys used by different studies make it difficult to perform
a comparison among the values obtained.

According to Carvalho [6], almost half of the respondents use temperatures
between 50 and 65°C. Temperatures between 30 and 45°C are used by 37% of
the users. However, in other study it was concluded that only 12% of the sample
use low temperature washing cycles, not specifying the temperature [2]. A last
study, concluded that 56% of the sample used temperatures higher than 60°C [7],
which may allow assuming that 44% use low washing temperatures.

Since the values referred for this type of behaviour vary significantly, it is
not possible to estimate an average value of its adoption rate with an acceptable
confidence level.

3.5.2 Using its full capacity
The use of the dishwasher only when full is an adopted behaviour by around 60%
of the respondents of a questionnaire launched at the country level, as shown in
Figure 5 [10]. According to Figure 5, the use of the dishwasher at its total capacity
is a habit always adopted by around 60% of the respondents, assuming only 5% of
them to usually use it even if not full. A slightly higher adoption rate was presented
in another study [8], which concluded that 80% of the users use the dishwasher at
its full capacity, not mentioning any adoption frequency. In contrast, only 9% of
the sample considered in [2] claim to adopt such behaviour.

Since the values referred for the adoption rate of this type of behaviour also
vary significantly, it is not possible to estimate an average value with an acceptable
confidence level.

 WIT Transactions on Ecology and The Environment, Vol 193,
 www.witpress.com, ISSN 1743-3541 (on-line) 

© 2015 WIT Press

794  Sustainable Development and Planning VII



4 Conclusion

From the set of behaviours identified, information from previous studies could
be gathered about the following behaviours: i) lighting systems: turning off
the lights; ii) washing machine: using low washing temperatures and using its
full capacity; iii) refrigerator: avoiding opening the door often; iv) television
and computer: interrupting the operation and switching off the supply, and v)
dishwasher: using low washing temperatures and using its full capacity. However,
only one study could be collected referring to behaviours associated with avoiding
opening the refrigerator’s door and interrupting the operation of the television and
computer when not being used. No relevant data could be collected regarding
some behaviours associated with three equipment: i) lighting systems: using of
daylight; ii) refrigerator: removing the layer of ice from the internal surfaces of the
freezer compartment, do not keeping warm food or unfreezing food inside it and
the behaviours associated with its maintenance and its location and iii) dishwasher:
allowing the natural drying of the dishes.

For the majority of the behaviours analysed, it was only possible to combine,
with an acceptable confidence level, the behaviours associated with turning off
the lights when not necessary, ranging the adoption rate from 44 to 81%, and
with switching off the supply of the television and the computer, ranging from
23 to 57%.

As a general conclusion, it can be said that studies were reviewed with relevant
information related to the majority of the identified behaviours. However, that
information varies significantly from study to study. This fact may be mainly due
to the methodology employed and the sample considered by each one, i.e. the size
of the sample and its type (very strict samples, convenience samples, voluntary
samples, etc.). Moreover, the use of different types of questions to obtain similar
information, makes the comparison among the studies a challenging task.
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