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Executive Summary

For decades, building space cooling (SC) demand has increased steadily in Europe (EU27), and is expected to rise
even more in the coming years (2030/2050). The CoolLIFE project has set an objective to contribute to a better
understanding of Space Cooling (SC) technologies and measures to reduce SC demand, including interventions on
the levels of buildings, neighbourhood, and urban planning. In order to achieve this objective a taxonomy of a wide
range of SC measures has been created in WP2 1 Technologies, measures, and energy demand assessment, to be
outlined in D2.1 Taxonomy of space cooling technologies and measures. However, the reduction of SC demand
cannot be guaranteed by new technologies alone, as the effectiveness of these systems is highly dependent on the
way occupants use them. Energy performance gap between the predicted and actual performance has been reported
in the range of T 38% and +96% [1], of which a high portion is associated with the presence and behaviour of the
building occupants. Increasing the knowledge base of occupant behavioural interventions is a key factor for the
successful implementation of energy efficiency strategies, including SC demand in buildings.

The current deliverable has two focuses regarding lifestyle and user behaviour aspects of space cooling: first, i) how
people use building SC systems and what do they use to avoid/limit the need for active SC; and secondly, building
on this ii) how this behaviour can be changed.

The deliverable is structured as the following:

Section 1 includes the rationale and relevance of the topic, and outlines the methodologies used during the literature
review.

Section 2 and 3 focus on the occupantsérole in the SC demand of the buildings, considered as a bottom-up approach
towards lifestyle and user behaviour interventions. These sections identify the patterns of occupant behaviour (OB)
based on a wide literature review on standards, legislative and empirical data, which helps understand how the
occupant is considered in the theoretical calculation of SC demand i and how they behave in reality. Section 2 is
focused on the occupant presence, while Section 3 includes the reasons, drivers and also obstacles of a specific
intervention aspect. The literature review covers the residential and service sector of Europe, main sources are
summarized in Annex |. - Summary of occupant behaviour surveys in European countries. As Laaroussi et al [2]
conclude, the human behaviour in residential and tertiary buildings are affected by the same motivational drivers,
thus the behaviour of individuals are similar for different building types when window opening, shading control, space
cooling setpoints, equipment use and thermal adaptations and expectations are concerned. However, to study the
time-related aspect of SC in specific building types an in-depth analysis of the OB patterns in building types where
the OB has the highest influence on SC demands was done. Based on an evaluation considering the nature of the
time spent in each building type, the freedom of the occupant in restoring their thermal satisfaction (by interacting
with SC devices and building elements, and adopting by personal measures to restore thermal comfort) three types
of buildings: residential, office and educational have been selected for an in-depth analysis. These building types are
expected to have the highest potential in reducing SC demands thanks to interventions that change user behaviour.
The regional differences and time related aspects collected within this task is valuable inputs for the CM2 and CM6
of the CoolLIFE tool as well.

Building on the findings of the first part, the second part of the document (Section 4) focuses on interventions in the
literature that can successfully shift occupant SC behaviours towards more sustainable ones. This top-down
approach covers examples of successful interventions that impact the SC factors analyzed in Sections 2 and 3. Top-
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down behavioural interventions have been compiled following a review of the literature concerning residential and
service sector energy behaviour-change. This includes examples of successful interventions that impact: (i) usage
of electricity-powered SC appliances (i.e.: indoor fans, air conditioning systems, etc.), (ii) interaction with thermostat
or A/C SC set-points, (iii) uptake of natural ventilation measures (i.e.: window opening, night-time ventilation), (iv)
shading practices, and (v) occupant presence and heat-generating equipment use in the building.

Three categories of interventions with a high potential for changing SC behaviours were identified, namely:

1 Monetary incentives (i.e.: dynamic pricing) to shift peak load, encourage pre-cooling, and promote energy
conservation of SC appliances.

1 Providing feedback and information on energy consumption to promote energy conservation of SC
appliances (and other appliances that generate heat loads), encourage setting higher SC set-points, motivate
the uptake of natural ventilation (including night-time ventilation), and encourage adaptive health-related
behaviours during extreme heat events.

1 Nudging occupants, through social comparisons or default settings, to conserve electricity in their usage of
SC appliances (and other appliances that generate heat loads), set higher SC set-points (together with
default dress codes that encourage the use of breathable fabrics), motivate the uptake of natural ventilation
measures, and adopt efficient shading practices.

This report is readily available for consultation, mainly for policy-makers, to understand the necessary regulation
environment but also the adoption practices when it comes to behavioural choices.
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Summary of findings and recommendations

The current chapter provides a summary of the findings and recommendations for the policy makers. Table 1 shows
the factors influencing SC demand that are dependent on the occupant lifestyle and user behaviour. The drivers,
patterns and obstacles of factors were studied in detail during the literature review.

Factor Significance for SC demand
What? How?
Occupant presence Internal load Direct effect: person dissipates heat increasing SC demand

Indirect effect: equipment use is higher when occupants are present

Cooling setpoints Higher comfort expectations when occupants are present

Equipment use Internal load Contributing to internal heat gains which increases SC demand
Perceived thermal comfort ~ SC setpoints Occupant actions, clothing and possibility to control the thermal environment
and adaptation by passive measures effects the temperature expectations in a space

leading to SC demand

Internal load Higher metabolic rates mean higher interal loads

Space cooling set-point SC setpoints Lower setpoints increase SC demand

f hedul . . .
preferences and schedules Setbacks in unoccupied periods can decrease SC demand

Window opening and Cooling loads Ventilation has a complex effect on SC demand. It can either increase and
ventilation strategies and decrease SC demand, depending on the internal and external conditions
schedules

Shading types and operation Solar loads Solarheatloadst hr ough transparent mhja- ade
schedules contributing factor in SC demand

Shading can however also increase lighting, heating energy demand

Table 1. Occupant dependent factors influencing SC demand

Theoretical and realistic input data has been collected on occupant presence in both the residential sector and
selected building types in the service sector. Regional differences in occupancy patterns have been identified and
compared to the profiles implemented in standards and legislations.
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The literature review revealed that the assumptions regarding the occupant presence in standards and legislation
are not season or region specific but provide a simplified approach to considering occupancy rate and duration. Table
2 summarizes the findings on existing behavioural patterns and the intervention possibilities of occupant presence in

order to reduce SC demand.

Existing behavioural patterns

Field of intervention

Example of
successful
intervention

Suggestions for policy
makers

Residential buildings:

- is highly stochastic: high diversity due to occupant
type

- low diversity in regional patterns identified

- no robust data on annual diversity patterns

- increasing trend after COVID-19

Office buildings:

- low diversity in daily patterns due to space type
- low diversity in annual patterns

- no robust data on regional patterns

- decreasing trend after COVID-19

Educational buildings:

Limiting the presence in

buildings or restructuring

occupancy hours to
avoid presence in
periods with peak loads

Allowing flexible
workplace occupancy
during summer
months, i.e.: "Summer
Fridays".

Altering start-dates
and scheduling in
educational institutes
to reduce cooling load

3.

Develop a set of
representative occupancy
patterns, addressing also
regional differences.

Adopt policies that shift of
occupancy patterns in public
buildings and workplaces
towards more sustainable
ones, such as early closing
hours in summer months.

Provide information onfi ¢ @ o
pl aceso f dorgoine
cases of extreme heat

- high regional diversity in annual patterns
- some regional diversity in daily patterns

waves.

Suggested occupancy patterns in standards do not
capture the diversity of occupancy presence as the
empirical data in literature suggests.

Table 2. Intervention possibilities to limit SC demand due to occupant presence

The large scale data on residential building use collected show that these buildings typically have higher average
occupancy ratios than what is suggested in the standards. Small regional differences can be seen in the daily patterns
of occupancy due to different cultural habits of taking lunch breaks or siestas at home. The occupied hours and
occupancy rates in the individual dwellings show high variation, and the inhabitant's socio-ecomonic, family or age
status causes a much higher influence than the geographic location. From the literature, daily patterns could be
identified and also differences in weekends and weekdays were shown, however, no data on seasonal patterns had
been found.

For office building a more balanced pattern was found, but numerous studies were identified showing the deviation
from standard approaches. The average presence shown in the empirical data is somewhat lower than what the
standards suggest. Furthermore, trends in building use from the previous years has been identified, which shows a
reduction in occupancy in office buildings, together with a rise in residential buildings that on one hand is caused by
the hybrid-office concepts gaining more popularity, that has been accelerated by the higher penetration of home
office in the post-COVID-19 era.

For educational buildings the number of annual school days, the different start and end dates, and duration of holidays
in the cooling season have been collected, together with the daily patterns of use, i.e. the distribution of instructional
hours. The occupancy duration shows heterogenity throughout Europe, however, for considering annual SC demand,
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the period of occupancy within the time of the year that is subject to space cooling is not reflected in the suggestions
for energy prediction of these types of buildings.

Regarding the top-down interventions, we report examples of limiting occupant presence in commercial buildings by
restructuring occupancy hours to avoid SC demand in periods with peak loads, both for office and educational
buildings. Morevoer in cases of extreme weather episodes, examples of special recommendations were found to
limit occupant presence in residential buildings, when the potential within the dwelling to reduce indoor temperatures
is limited. These recommendations entail for example encouraging individuals to go to ‘cool places' (such as parks
with a pond, or an air-conditioned library or shop), during heat waves.

The collected data can serve as a baseline for policymakers to develop a set of representative occupancy patterns,
addressing also regional differences. Also, it is suggested that during design, instead of using one occupancy profile,
a set of profiles should be used to have robust feedback on the expected SC demand. The collected data will also
feed into T.3.3 Quantification of behavioural interventions for space cooling reduction, where the differences arising
from the identified occupancy profiles will be quantified.

Section 3 focused on the behavioural aspects within the building. The occupants interaction with SC equipment,
building elements, or taking adaptation actions is a result of a complex set of drivers, that depends on a combination
of environmental factors, time dependent aspects, psychological, phsychological, cultural, habitual etc. Occupants
motivation can result from discomfort (thermal, air quality, visual) or other needs that are context dependent and
difficult to identify. In residential buildings the occupant has the highest freedom to interact or adapt. For the service
sector in the literature it has been concluded, that the drivers for interacting with building elements is similar to
residential buildings, however, the use of these are a result of a group behaviour, where not all occupants have the
same level of influence on the actions. Specifically, in educational buildings the teacher has been identified as the
main active occupant, responsible for taking action on heating/cooling equipment use, temperature setpoint, window
opening or closing the blinds. Taking these actions are generally aligned with the daily routine of the lectures and
breaks, but also influenced by the habits of the teacher.

The first presented aspect is equipment use, summarized on Table 3

Existing behavioural patterns

Field of intervention

Example of successful intervention

Suggestions for policy makers

High regional diversity.

High diversity per household type.

Reduction of equipment use in
summer months: washing/drying,
cooking, while the energy use of
cold appliances increases.

Table 3.
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Reduction of the use
of heat generating
equipment

Monetary incentives: Dynamic
pricing [4].

Information provision: Feedback
[5], high-involvement information

6.

Nudges: Social comparisons [7],
Gamification approaches [8].

Several examples specific to
reduction in SC appliances
including personal fans [9] and AC
systems [10].

Intervention possibilities to limit SC demand due to equipment use

Provision of infrastructure to implement
passive drying or outdoor cooking.

Inclusion of personal feedback and peer
comparisons in energy bills
(recommended in Energy Efficiency
Directive, EED), as well as real-time
information delivered through web-
interfaces, or in-home devices.

Adoption of Real-time pricing (RTP)
schemes to shift peak loads, especially
during summer months (being mindful to
not affect energy vulnerable
households).
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Similarly to the occupancy pattern the individual households have high diversity in the equipment use pattern
depending on the occupant type. Equipment use highly depends on the user habits which is not addressed in the
calculation methodologies, thus when considering SC predictions this variable should also considered as a set of
different options tested for robustness. When reduction of SC demand is concerned, occupants have freedom in
limiting the use of heat generating equipment to reduce cooling demand, and as also shown in D3.1 Knowledgebase
for occupant-centric space cooling 71% of the occupants in Hungary do limit the use of the oven in hot weather.
Limiting indoor cooking and avoiding the use of electrical dryers directly contribute to the reduction of SC demands.
One study fok UK has shown that the use of appliance has a seasonality effect, that was around approximately 2%
of the total average household energy use. Extensive literature on interventions is available and has been presented,
from monetary incentives to nudges, which can decrease electricity usage and appliances and results in a reduced
SC demand.

Next, the findings regarding perceived thermal comfort and adaptation is summarized on Table 4.

Existing behavioural patterns Field of intervention Example of successful Suggestions for policy makers
intervention
A wider range of accepted indoor Increase the usage of Flexible workplace attire in Built environment: Provision of passive
conditions is seen with passive adaptive measures to summer months (i.e.: cooling measures to extend periods
cooling and ventilation, and if limit periods when active  "CoolBiz") [11]. without using mechanical SC
adaptation is possible. SC equipment need to
. . be used. Health-related information on Relaxing dress codes in institutional
Change in clothing. . . ; S
adaptive behaviours during buildings.
Change in activity levels. heat-waves (i.e.: hydration,
using cold-packs, wet towels,

ood/drinks.
widespread market adoption of

Ability to control the thermal breathable clothing.

environment

Provide health-related information on
adaptive behaviours during heat
waves, ideally through high-
involvement actions (consulting,
audits, targeted information, public
events).

Table 4. Intervention possibilities to limit SC demand by shifting perceived thermal comfort and adaptation

As outlined in D3.1 Knowledgebase for occupant-centric SC as well, the thermal comfort sensation is dependent on
a wide range of social, adaptational and health factors. While the acceptable thermal comfort limits for conditioned
spaces are well aligned through Europe, the avoidance of the use of SC demand has lower emphasis, nevertheless
can be enhanced by conscious use of adaptational measures. The main influential factors and regional practices
have been summarized in the referred deliverable. Lifestyle and behavioural interventions cover environmental
changes, e.g. operation of building elements (shading, openings), or turning appliances on/off, personal adjustments
that change the sensation of comfort (e.g. changing clothing or taking cold drinks), and psychological adaptations
(acclimatization), as detailed in D2.1 7 Taxonomy of space cooling technologies and measures. Change in clothing,
change in activity levels, adaptation by consuming cold food/drinks and ability to control the thermal environment
have been studied in detail, and findings of the CoolLIFE survey also show that in residential buildings implementing
these measures has high penetration. While the change of clothing is widely possible in residential buildings, office
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and educational buildings may have stricter rules. Intervention examples collected have shown successful focus on
generating energy savings by relaxing dress codes and providing health-related information on adaptation measures
during extreme weather events.

When thermal comfort is not met with adaptation, space cooling may be acitvated. Table 5 summarizes the findings
on existing behavioural patterns and the intervention possibilities to the space cooling set-point preferences and
schedules in order to reduce SC demand.

Existing behavioural patterns Field of intervention Example of successful ~ Suggestions for policy makers
intervention

Requirements are standardized, however, in  Decrease SC usage by Setting higher default Education campaign on the usage of

the residential sector diverse setpoints are implementing higher set-points in SC devices.
implemented setpoints thermostats [13] [14].
; ; ; P ; ; Encourage the inclusion of "interactive
High regional diversity in the ratio of installed . .
Adjust SC patterns to Provide framed & e
SC devices installed in the residential sector ) P it ) h feedback” in thermostats (i.e.:
the needs information on the including information on efficiency of
Setpoints are not implemented continuously, energy and health chosen set-points, and
but adaptive methods are used, then SC implications of lower environmental/health implications).
devices are activated intermittently on full temperature set-points
power [15].
Table 5. Intervention possibilities to limit SC demand by shifting space cooling set-point preferences and

schedules

The cooling setpoints in buildings have a direct effect on the energy used for achieving thermal comfort. In comfort
standards and legislation throughout Europe the setpoint considered for SC is generally26AC oper at i v e
when active cooling is concerned. However, as outlined in D3.1 Knowledgebase for occupant-centric space cooling
the cooling setpoints alone are not representative on how SC devices are used, as these devices are installed in only
a fraction of relevant spaces and are operated intermittently. Information has been compoled on the drivers and
patterns of AC usage. The empirical data available suggests that setpoints in many cases are set to low temperatures,
even around 17AC. However, the | iterature review al
devices may not be corresponding well to the actual temperature, thus the desired temperature in the dwelling. Lower
setpoints are anticipated to result in faster decrease of the temperature by the occupants, while it seems that this
tempeture is not achieved in the dwellings. The operation of SC devices in dwellings is driven by event related factors
like arriving home or leaving the house.The Hungarian case study shows that 79.1% of the respondents turn off AC
devices or adjust setpoint temperatures when leaving the house, the others do not take any action, and leave the
device running. The thermal sensation is an important factor in turning on the devices, while the indoor temperature
is not concerned as an objective value in the majority of the cases. The literature suggest that the probability of
turning on AC devices increases around 25-30AC internal temperature or 36AC external temperature.

Although the setpoints cannot be taken as an objective value of indoor temperature, shifting towards an accpetance
of higher temperatures and consequently increasing setpoints has a direct effect on reducing SC demand, which has
been proven to be successfully initiated by setting higher default setpoints on thermostats and providing different
types of feedback.
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The fourth occupant action summarized is window use, which has a complex effect on the SC demand, however, the
guidelines for the consideration of the dynamic effect of window opening is rarely set in the energy prediction
methodologies. Window opening is clearly driven by indoor and outdoor temperatures, but also poor indoor quality
(CO2 concentration) has influence. Also, window opening is dependent on the time of the day/occupancy and the
season, and events like arrival at home, while closing the window additionally is driven by security reasons. Lifestyle
factors have also been identified affecting ventilation strategies, like smoking, which is banned in most of the EU
countries in commercial buildings, but is hard to limit in residential buildings. Summer night time ventilation potential
is high in most parts of Europe, especially in rural locations, however, the practical implementation of this passive
SC measure is hindered by safety and security reasons as well as comfort (noise) issues, as highlighted in the
literature. A possible direction in increasing night time ventilation is through improving the night time urban
environment to allow for safe and comfortable ventilation. To increase the uptake of this measure also framed
feedback information can be provided. Table 6 summarizes the findings on existing behavioural patterns on window
opening and ventilation strategies and schedules in order to reduce SC demand.

Existing behavioural patterns Field of intervention Example of Suggestions for policy makers

successful

intervention
Window opening is driven by Summer comfort driven Framed Design guidelines/requirements for effective natural
environmetal (temperature, air use of windows: utilize feedback on ventilation.
quality, humidity, noise) and cooling potential, but optimal window-
habitual/time related patterns: limit heat loads interaction Facilitation of night cooling by enhancing urban quality:
arrival,departure, morning, behaviours, e.g noise reduction, increased safety.
cooking. Increase night time including peer

ventilation c[:logparlsons Increasing night cooling potential by reducing heat

Diversity in regional potential: island effect.
Night cooling has higher potential

in middle-northern Europe Provide easily accessible information (i.e.: on energy
Night cooling is hindered by noise, bills) highlighting desirable social norms around
burglary, inconvinience, discomfort passive cooling behaviours (i.e.: "the majority of
(draught, light). people use shading and night-time ventilation to cool

their homes").

Table 6. Intervention possibilities to limit SC demand by shifting window opening and ventilation strategies and
schedules

Finally, intervention potential with solar shading is summarized on Table 7. Solar shading, and especially external
shading is an effective measure to reduce SC demand, pilot projects demonstrating that such systems can enable
energy savings up to 60% for lighting, 20% for space cooling and 26% for peak electricity [17]. While requirements
in the EU exist for maximum g-values of transparent building elements, providing shading devices alone do not
guarantee notable reductions in SC demand. Many studies discuss the optimal operation sequence of shading
devices from rule-based controls based on one environmental parameter to complex algorithms. However, as shown
through the literature review, the operation of shading systems when left to manual control is less than fully effective.
Regarding the residential sector, the CoolLIFE survey revealed that up to 19.8% of the respondents who have manual
shading devices in their home do not apply these on hot days, while this value is lower, however, still around 8 %
when electric roller shutters are provided. For commercial buildings the operation frequency when left to manual
control is even worse, one study evidenced that blinds were moved less than 2 times a week, regardless of the
orientation or season [18]. The main drivers for using blinds and shading were found to be visual or thermal
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discomfort, while to reduce SC demand, a combination of the environmental parameters of solar radiation on the
facade, internal and external temperature are proven to provide higher benefits, which requires a more complex
decision making process from the occupant. Thus, the operation of shading devices can be considered as a measure
where it can be argued that efforts to promote more sustainable SC should also focus on automation, rather than
aiming to change inefficient behaviours.

Existing behavioural patterns Field of intervention Example of Suggestions for policy makers
successful
intervention
Shading in residential buildings is an important Increase interaction High- Design guidelines/requirements for
passive measure. frequency and concious involvement effective shading technologies.

information on
the optimal use

Manual shading control results in suboptimal, or control

even increased annual energy use. Always shade when Educational/feedback campaign for

S.hadlng usage'ls mam!y drl\(en by v!sugl building/space is of shading . more concious shading control. (e.g.
discomfort and interaction with shading is rare. ) system. Optimal  |9se blinds when leaving home)

; ) . unoccupied )
Optimal shading control algorithms for automated settings of

shading are present in the literature: solar

shading system

Incentives for shading automation.

irradiance, illuminance, indoor and ambient set as default in

temperature and occupant presence are driving offices [19].
factors. Encourage the adoption of optimal
shading settings as default in public
buildings and workplaces.
Table 7. Intervention possibilities to limit SC demand by through solar shading control
stk Cool
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1. Introduction

As described by the IEA [20], occupant behaviour is one of the six influencing factors of the energy performance of
a building. Occupantsd interactions with the energy
indoor comfort. Moreover, new technologies alone do not guarantee a reduction in energy consumption in buildings,
mainly because of i.) adoption challenges due to the interaction between humans and technologies, and ii.) the
rebound effect. Therefore, increasing the knowledge base of occupant behavioural interventions is a key factor for
the successful implementation of energy efficiency strategies in buildings.

The concept of energy-related occupant behaviour in buildings can be defined as occupants' behavioural responses
to discomfort, presence and movement, and interactions with building systems that have an impact on the
performance (energy, thermal, visual, and Indoor air quality - hereafter: IAQ) of buildings. These can cover as
adjustment of thermostat settings, opening or closing windows, pulling up or down window blinds, or adaptive routine
practices, among others.

Sys:

Energy performance gap has been reported to be somewhere between 38 % and + 9 6i%inahigh postidni ¢ h

associated with the presence and behaviour of the building occupants. [1] A Lithuanian study on space heating use
compared different occupancy profiles as an input for energy modelling in a residential building, and showed an
increase of 30%-43% energy consumption for space heating, 1%-30% increase for electricity for auxiliary equipment
and between a reduction of 25% to an increase of 7% for lighting, when changing the assumed inhabitants from 4
persons (two adults, 2 kids) to 2 person households: actively working and pensioners. [21] Moreover, behavioural
changes can also reduce the number of discomfort hours, e.g. implementing night-time cross-ventilation instead of
ventilating only the bedrooms was predicted to reduce discomfort hours by 26% in Hungary [22], which combined
with higher tolerance to higher temperatures can help eliminate the need for space cooling devices in countries with
limited space cooling needs.

Measures that can affect space cooling energy performance have been collected for the report D2.1. Taxonomy of
space cooling technologies and measures. Lifestyle and behavioural interventions cover environmental changes, e.g.
operation of building elements (shading, openings), or turning appliances on/off, personal adjustments that change
the sensation of comfort (e.g. changing clothing or taking cold drinks), and psychological adaptations
(acclimatization).

For this deliverable, we have analyzed the occupants role in space cooling demand, through a top-down and bottom-
up approach. The bottom-up approach is the behaviour driven by the occupants themselves, where they interact with
the building elements and systems to maintain their thermal comfort. By top-down we mean interventions that are
not initiated by the occupant directly, but motivated externally, let it be policy or financial incentive, that pushes the
occupant to interact. In other words, bottom-up is the occupant behaviour (OB) itself, whereas top-down are
interventions to shift specific behaviours that impact space cooling demand. Consequently, to understand the
effectiveness of a certain top-down action, the bottom-up motivation needs to be mapped beforehand.

Case studies, surveys and monitoring results have been collected and compiled, to understand how buildings are
used, and how behavioural and lifestyle interventions adopted by building occupants can affect on one hand space
cooling needs, or help to adapt to thermal discomfort in residential and commercial buildings.
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The goal of this research is to set a basis for quantifying these aspects, and set a basis for defining their impacts on
the building energy use. Relevant daily occupancy patterns, user interventions and their impacts related to space
cooling are mapped. To compare the effect on the building energy use, the country specific regulations and standards
are also compiled that serve as a baseline for simulation. We cover scientific literature and global standards and
gui delines, as wel | nadatabaseseHowevar she quirentjdeivertaldeds not meant to cover all
types of regulations implemented in Europe regarding space cooling, this will be analyzed in WP4 and presented in
D4.17 Review and mapping of legislations and regulations on sustainable space cooling at EU and national levels.

After collecting behavioral measures in Chapter 3, Chapter 4 Interventions to reduce energy use for space cooling)
of this report will summarize policy interventions (especially considering nudges and successful implementation
examples) that lead to changing the behaviour of the occupants.

1.1. Rationale and relevance

A key global milestone for behavioural change in the building sector in the Net Zero Emissions by 2050 Scenario
(NZE Scenario) from the International Energy Agency (IEA) requires space heating temperatures to be limited to 19Z
20AC and space cool i ZAGACemperdBOresnl bog8édde reduc[®3 ons
Occupant behaviour (OB) and space cooling (SC) are mutually linked. On the one hand, OB is one of the greatest
influences on building energy performance, which can contribute to the performance gap of the actual and predicted
energy use in the order of magnitude of 50-100%. On the other hand, SC decisions can influence comfort and health,
through which they deliver a wide variety of socioeconomic co-impacts beyond the field of energy. To address these,
there has been a recent paradigm shift in the way occupants are considered, from passive users to autonomous
agents who respond to environmental quality through adaptive actions. One main objective of this project is to
increase the uptake of occupant-centric design and decision-making in the SC sector. This can be broken down into
four main challenges that we will address: (1) providing a better understanding of how culturally influenced lifestyles
and adaptive comfort interact with SC performance, (2) providing a knowledge base for multiple (professional, private,
public, citizen) actors on how to transition to a more sustainable SC through behavioral interventions, (3) providing a
better understanding of the social and economic co-impacts of SC, and (4) expanding the data and knowledge base
of SC in the largely unexplored residential sector [24]. The current report focuses on 1) and 2) of the above list.

This thorough investigation of OB will provide a better understanding of the necessary regulation environment but
also the adoption practices when it comes to behavioral choices. This task will also feed T.3.3, for the quantification
of energy differences arising from the identified behavioral interventions.

1.2. Methodology

For this task, we adopted a traditional methodology for the literature review, in which we identified key academic
research articles and standards from the field, based on databases and our own knowledge. We derived to more
literature as we define the research questions, and further refined our search based on the findings.

The research questions we established emerged from the objectives of the Task3.2as descri bed in th
Grant Agreement and the theoretical framework of the investigation:

Occupant behaviour:
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1 What types of behavioural and lifestyle interventions are adopted by building occupants to i.) reduce SC needs,
and ii.) adapt to thermal discomfort?

1 What are the patterns of the daily interventions and how can these impact SC?
1 What are the regional differences in adopting these patterns?

1 What are the differences when residential sector (single-family houses i SFHs, multifamily houses i MFHs,
and apartment blocks i ABs i with > 4 floors) and service sector (offices, trade, education, health, hotels and
restaurants, and other non-residential buildings) is concerned?

1 What is the difference between the anticipated occupant behaviour used during the design of SC systems and
the real presence or behaviour of occupants?

The latter question helps close the gap between the simulated and real energy demand, which will be feed into D3.3.
Multiple, socioeconomic impacts of sustainable space cooling.

Behavioural interventions:

1 What types of policy interventions exist, especially considering nudges and successful implementation
examples?

1 What is the expected impact of these regarding SC demand?

With these questions in mind, we started the search for academic articles in different databases, such as Web of
Science, Scopus, Google Scholar, and Science Direct. As was the case of T.3.1, we cover scientific literature and
global standards and guideline s as wel |l as previous pr oj ek inBEAWHEN,e n
eTEACHER, energychange, BEHAVE, etc). As we conducted a manual search, we relied on our expertise and
previous knowledge of the topic. We defined selection criteria that will help us decide which articles to consider and
include in our work. The criteria were:

1 Language: English (consider other languages if at least two people in the team speak it)

=

Geographical area: Europe and/or global (for relevant examples)

|

Type of literature: academic publications, grey literature, industry standards, legislations
I Time period: literature not older than 15 years (with exceptions in cases of key publications)
1 Academic relevance

To cover the regional aspect the literature search was aimed at finding examples from different countries representing
different climate zones and regions, by focusing on the following countries as a priority: Italy, Germany, Hungary,
Austria, Netherlands, Sweden. However, where lack of data was found, further sources were considered.
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2. Occupancy patterns in buildings affecting
space cooling demand

Based on Laaroussi et al, [2] the human behaviour within buildings is characterized by two aspects: i) the presence

of occupants inside the buildings which causes direct CO2 emissions, heat and vapour dissipation. The presence of
occupants then lead to ii) the occupantsd i nt er a.cTheiueenof tixeivarious sybtemsin e n v
buildings (heating, ventilation and air conditioning, windows, shading, lighting and domestic hot water) affects the
energy consumption and rel ated t o.TheheHectofche ocpupamttostbe spaeee d s ¢
cooling demand has been summarized in Table 8.

Factor Significance for SC demand
What? How?
Occupant presence Internal load Direct effect: person dissipates heat increasing SC demand

Indirect effect: equipment use is higher when occupants are present

Cooling setpoints Higher comfort expectations when occupants are present

Equipment use Internal load Contributing to internal heat gains which increases SC demand
Perceived thermal comfort ~ SC setpoints Occupant actions, clothing and possibility to control the thermal environment
and adaptation by passive measures effects the temperature expectations in a space

leading to SC demand

Internal load Higher metabolic rates mean higher interal loads

Space cooling set-point SC setpoints Lower setpoints increase SC demand

f d schedul . . .
preterences and schedules Setbacks in unoccupied periods can decrease SC demand

Window opening and Cooling loads Ventilation has a complex effect on SC demand. It can either increase and
ventilation strategies and decrease SC demand, depending on the internal and external conditions
schedules

Shading types and operation Solar loads Sol ar heat |l oads through transparer
schedules contributing factor in SC demand

Shading can however also increase lighting, heating energy demand

Table 8. Occupant dependent factors influencing SC demand
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To understand how the occupantsdé |ifestyle and user beha
in the building first, we have to understand when occupants are present in the building. In this chapter we give an
overview of how the occupants use the different types of buildings, on different parts of Europe, also concerning the

seasonal or daily variations that might affect space cooling needs. In the second part we will analyse how the
occupants can interact with building elements, and what are their drivers in doing this.

While the intervention is limited wi t h oneds habits regar di wilhp taigdieed acpon ers e n ¢ «
campaigns these can be also changed in order to survive extreme situation. The current work helps understand how

the buildings are occupied in reality to get more precise inputs in planning. In the lack of building automatization,

which is the base case for residential buildings, the presence of the occupant also has a direct effect on the use of

other equipment and building elements, like cooling equipment or window opening.

2.1. Relationship of occupancy, occupant behaviour and
space types

A wide literature review on OB surveys has been done to identify sources of occupant patterns, drivers of occupants
for different space types. While the literature of occupant behaviour is constantly growing, the territorial and functional
diversity of those are limited. Where possible information that is specific for Europe was collected. The OB surveys
done on this topic in Europe have been summarized in the Annex I. As a summatry it is seen that office and residential
buildings are widely represented in the literature, while for other functions the research is limited. Based on the review
we have investigated the cause of this, by identifying the relationship of occupant behaviour and space types. In this
section the main characteristics of the buildings and the means how occupants use these spaces is summarized.
The evaluation is based on the degree of freedom the occupants have in controlling their indoor thermal environment
and implement user, lifestyle of behavioral measures to maintain their thermal comfort. This section indefies for each
building type:

I Can the occupant directly control SC, windows, or shading within a building type?

1 Can the occupant change their thermal sensation by applying adaptation methods, as summarized in
Deliverable D2.1 7 Taxonomy of space cooling technologies and measures e.g. having a drink, changing
clothing, changing position in space?

1 Does the occupant action dependent on multiple users within a group of people?

1 Are the actions freely accessible throughout the time spent in that particular building, or is the freedom limited
in time.

Table 9 summarizes the evaluation of the above aspects using the building typology used in the CoolLIFE tool [25].
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I daycare,
[ .
n kindergarten
healthcare: +1 +1 +1 +1 - + - - - + +
in-patient
healthcare: out- - - 3 - - ++ - - B + -
patient
hotels, ++ + + + + + + + + + + + + + + + + + +
hospitality
restaurants, - - - - - + - B + + + + R
cafes, bars 41 +1 +1
sports and - - - - - + + + + + + + + -
leisure
@ industrial - B - B - + B - ] ¥ iy
g buildings +2 +2 42
transport - - - - - + - - - B R
facilities
Legend:
++ high degree of freedom
+ low degree of freedom
- no freedom
1 interventions done centrally or by proxy, not by individual user (e.g. customer)
2 possible at certian times only
3 operable windows are not imperative of these building types
4 agile offices only
Table 9. Degree of freedom of building users to control their thermal environment and implement adaptation

measures in maintaining thermal comfort

2.1.1. Residential buildings

The residential sector can be broken down to single-family housesi SFHs, multifamily houses i MFHs and apartment
blocks 1 ABs i (with > 4 floors), where the former consists of one dwelling unit, the latter two of multiple individual
units. With one dwelling unit the occupants have high freedom in adapting to their thermal environment: they can
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open windows, close shading (if provided), change clothing, change metabolic rates. They have a high degree of
freedom in changing their position in space, limiting the use of heat consuming equipment.

Occupants in SFHs have the highest degree of freedom in changing their thermal sensation, compared to the other
types of residential buildings. SFHs are characterized by a higher floor area per building occupant which allows more
freedom in avoiding spaces with higher thermal loads. Especially in case of SFHSs, facilities can be provided for the
occupants to move to an outdoor or semi-open space locations, e.g. terraces for every day activities, e.g resting,
eating, or even cooking, which reduces the need to control indoor thermal environments. This option is less viable
for ABs and dense urban locations.

The ratio of dwellings equipped with air conditioning units in 2010 was between 1-99% , with the highest share of
buildings in Spain, Malta and Greece (55%, 56% and 89% respectively). [26]. SC demand in residential buildings is
constantly increasing. While space cooling only accounted for 1.6% of the household electricity consumption at EU
level in 2019, the consumption is constantly growing. The the average consumption per dwelling changed from 19
kWh/household in 2000 to 59 kWh/household in 2019. [27] The highest consumption per dwelling is seen in Croatia,
Bulgaria, Cyprus and Malta.

The occupancy of the dwellings throughout the year is continuous, showing a pattern that is aligned to the daily habits
of the inhabitants. Seasonal differences in occupancy rate can be associated to different habits, for example,
travelling on summer holiday can reduce space cooling demand. However, regarding this, regional differences exist.

As Eurostat concluded, in 2019, 29% of Europeanendatheul d r

list countries with high space cooling demand are seen e.g Greece (49%), Croatia (48%), Cyprus (45%) and lItaly
(44%), while in contrast, at the lower-end of the scale, Sweden, Denmark and Luxembourg, Finland, Germany and
Austria were seen with 10%-13% of people not able to afford a one-week annual holiday. The effect of the summer
holiday on the SC demand is seen as ad hoc, and cannot be taken as a general effect. [28]

2.1.2. Service buildings

In contratry to residential buildings, in these types of buildings the main users, i.e. employees, customers, patients
do not directly benefit from the achieved savings. Thus the motivation for changing the individual occupant behaviour
is much lower than f or residenti al buil dings. Mor eover, t he
environment is also limited. Indoor environmental parameters in these types of buildings are either defined to provide
comfort of the occupant T thus lead to a higher customer satisfaction, productivity and eventually, income - or the
technological aspects, e.g strict conditions for food security and safety, health, or industrial processes.

Office buildings are the main types of buildings that are studied within OB researches. Occupants spend a high
portion of their time at workplaces, and are involved in sedentary activities. Providing a comfortable thermal
environment in offices is important as it increases productivity. However, with increasing requirements for building
energy performance and sustainability and by recognizing the gap between the predicted and actual energy use has
driven attention to the importance of occupants' behavioral and presence patterns. The literature regarding OB
studies is the most widespread among space usage types.

In office buildings, the space usage can be in form, in cellular or open space layouts. The occupant freedom in the
former is higher, while in the latter the group behaviour is predominant. In the last few years a growing trend of agile
workplaces give a much higher freedom to users than traditional office layouts. The freedom of occupants to intervene
with building elements and SC equipment is more constrained that in residential buildings, however the adjustment
of SC setpoints, shading and windows where provided, blinds are typically assessable for the building occupant,
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however, the actual use of these does not only depend on the individual preferences, but is also influenced by the
group dynamics. Limited freedom is given to the occupants in changing their clothing, especially in offices where
dress codes are implemented. Further measures like taking a shower or decreasing metabolic rates is less feasible
in most of the offices. The reduction potential in the use of particular heat generating equipment is also limited as
equipment heat load is coming from the use of equipment needed to carry out work activities.

Educational buildings: Compared to office and residential buildings one of the most studied space type in the field of
OB research are educational buildings. This is not surprising, as Lala and Hagishima [29] conclude, students typically
spend more than 15,600 hours (hs) in classrooms by the time they graduate from high school. IEQ in classrooms is
i mportant as a close relationship exi ssbcial déveldpmente problsmnt-
solving abilities and health and the Indoor environment quality (IEQ) in schools. In Table 9 we have separated
kindergartens and daycares from schools and universities due to the different nature of the space usage. In
kindergartens and daycares the biggest group of occupants, i.e. children have limited authority in adapting to the
thermal environment, however, the nannies and teachers have the responsibility in taking into account their
preferences. While not driven by the users individually, drinks, clothing adjustments are widely applied together with
changing locations and activity levels to cope with summer conditions. The regular daily outdoor activities that are
emphasised in these types of buildings reduce the necessity of space cooling the building itself.

For schools and universites the daily and spatial use of the building is more strict with a strong daily pattern of lectures
and breaks, which limits the occupantsdability to move and change their activities. Studies on OB in educational
buildings noted that the teacher was identified as the main active occupant in school buildings, responsible for taking
action on heating/cooling equipment use, temperature setpoint, window opening or closing the blinds. [30], [31]
Furthermore, the decision-making relies mostly on collective needs and school rules, and according to [32] is also
driven by habits, instead of based on indoor environmental conditions or thermal comfort perceptions. The temporal
distribution of implementing these actions also has a strong daily pattern. While the use of residential and office
buildings is continuous, when concerning occupancy in educational building it should be noted that the operation of
the buildings is broken by a summer holiday defined locally, which has an affect on SC needs.

In trade buildings, let it be service or retail buildings, and also restaurants, the customer has no direct influence over
the indoor environmental conditions, as these are defined by the managers of the space type and are defined by
technological aspects as well as the expected thermal comfort of the customer. However, in service functions or
restaurants the discomfort of the customer can trigger a change in the local conditions, i.e. operation of fans, opening
closing window or drawing blinds. Concerning the summer behaviour in restaurants, the use of external spaces for
the customer areas are high compared to other buildng types. However, in kitchen areas that have the highest heat
loads within this space type the degree of freedom to change environmental conditions or implement adaptation
technologies is low.

In hospitality buildings the potential use of rooms is similar than what is provided in residential buildings: generally,
the rooms are equipped with controls for the thermal environment and also passive measures; clothing, activities,
positions can be freely decided by the occupants. However, the motivation of occupants is very much different from
residential buildings, which is reflected in the energy use patterns. As summarized by Palani et al, [33] the main
differences compared to residential buildings is that hotel guests are not responsible for paying their electrical bills,
and they feel less restricted with their daily life routine in hotel buildings especially when traveling for vacation. On
the other side hotel owners are motivated by hotel guest satisfaction which leads to targeting maximum comfort for
their guests. The occupants in hotel rooms change dynamically which makes the investing in the education of them
not worthwhile for hotel managers.

stk Cool
X* LIFE 28

uden



D3.2. ANALYSIS OF BEHAVIORAL INTERVENTIONS ACROSS EUROPE

In healthcare buildings the thermal indoor environment is maintained that minimizes health related issues. According
to Shi et al [34] a high ventilation rate is provided in order to minimize the cross-infection risk. Occupant behaviour is
also I'imited due to the patientsds p hwhiseicandott peeception ip alsp
biased by health issues - e.g. fever. Patients are dependent on others in changing clothing or implementing other
adaptation measures. In hospitals the patient group is not fixed and each person has different habits. If possible,

window opening is a result of collective behaviour.

In cultural, leisure buildings, and also transportational facilities a certian the user spends limited time in the facility,
whith no control upon the buildingbs systems. Their
measures in changing their clothing or taking drinks.

In industrial buildings the process is the predominant determinant of the indoor environmental conditions, limiting the
freely adjustable spaces to the social areas where only short time is spent. Clothing is often influenced by the safety
and security aspects leaving no freedom to the occupants to selecting the level of clothing. In buildings where the
indoor conditions are out of the thermal comfort limits, the national health and safety codes oblige the employer to
provide measures e.g. drinks, or by limiting the time spent in the environment, to avoiding health impacts.

2.1.3. Conclusion

The role of occupant behaviour has been compiled according to different building functions and space usage types.
In the following chapters occupant behaviour and occupant interventions influencing SC demands will be studied for
the following types of buildings: residential, office and education. The reason for this is that these building types are
the ones where:

I occupants have high freedom in implementing lifestyle and behavioural measures in order to adapt to summer
temperatures, and also adjust their thermal environment;

1 the same occupants spend a high portion of their time in these building, thus changing their behaviour has the
highest possible long term impact for that particular space;

1 a high percentage of educational and residential buildings are not currently equipped with SC technologies,
however the increasing penetration of active SC technologies within these sectors needs attention, thus
intervention with behavioural measures regarding these should be defined.

2.2. Occupancy in buildings in relation to SC demand

The building occupancy pattern is a key input for SC system design and also demand side management and
response. In the current subchapter the occupancy patterns of the seleted building types: residential, educational
and office is collected and regional differences throughout Europe are outlined in order to have specific information
on when buildings are used, which information is inevitable for defining reduction of SC demand. The following
aspects are studied, and local/regional differences are deemed to be identified, regarding their influence on SC
demand:

1 what are the occupancy patterns in the standards used for energy prediction?
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1 what are the actual daily and annual usage patterns?

This information will be useful for energy modellers, planners and policy makers to have realistic usage patterns for
a certain country or climate and building functions, thus information will be reflected in calculation module 3 (CM3)
of the CoolLIFE tool. Also, the findings of this chapter will be used during the modelling task of T.3.3.

2.2.1. Residential buildings

The occupancy patterns of residential building changes from unit to unit, patterns are stochastic and depend on the
individual inhabitant. Several authors have tried to find what are the predominant characteristics that define
occupancy patterns. Fu et al conclude that the most common characteristics that are associated with family routines

and occupancy patterns are income level and household size, but also, it is difficult to systematically recognize a
familyds demographic charact er i s Alsocthe use of building changedn time dueh 0 c C
to demographic and social factors, like child birth, aging etc. [35], [36]. Thus, to have appropriate information,
measuring and identifying patterns of dwellings should be done on a large scale.

In this review aggregated data on the large scale is collected to identify local trends and differences within Europe
regarding the occupancy of residential buildings. However, it should be noted that the results are only valid on the
large scale, while when individual buildings are analyzed, a custom schedule needs to be defined for the specific
type of inhabitant. The time profiles found in the literature that represent residential buildings are shown in detail in
Annex Il.

Regulations and standards

Standards that provide EU wide recommendations for implementing occupant presence in the energy simulations
are summarized.

The EN 16798-1:2019 Energy performance of buildings - Ventilation for buildings specifies requirements for indoor
environmental parameters for thermal environment, indoor air quality, lighting and acoustics [37] specifies how to
establish these parameters for building system design and energy performance calculations. This standard sets
criteria for the indoor environment based on existing standards and reports listed under normative references or in
the bibliography. This European Standard includes design criteria for the local thermal discomfort factors, draught,
radiant temperature asymmetry, vertical air temperature differences and floor surface temperature. The Standard is
applicable where the criteria for indoor environment are set by human occupancy and where the production or
process does not have a major impact on indoor environment. The criteria in this European Standard can also be
used in national calculation methods.

The Informative Annex C in the second part of the Standard specifies default schedules for occupancy, that are
examples that can be used as inputs for energy calculations if specific values are not available. Example schedules
are given separately for weekends and for weekdays, for the following residential profiles:

1 Residential apartment, retired,

1 Residential apartment

1 Residential detached house
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The EN 15665:2009 Ventilation for buildings - Determining performance criteria for residential ventilation systems
[38] sets out criteria to assess the performance of residential ventilation systems (for new, existing and refurbished
buildings) which serve single family, multifamily and apartment type dwellings throughout the year. This standard
also includes usage profile examples for 1, 2, or n occupants, outlining their presence and activity (sleeping or active)
in each room, on a 15 minute basis. The total hours of occupancy for the Residential, apartment and detached house
on weekdays is 14.4 hours, 20.8 hrs on weekdays, which equals and average of 16.22 hrs a week per person.

For Sweden the Swedish User Data for Residential buildings prepared by the Sveby gives a recommendation of 14

hours per day per person [39]. As Zhang et al describe: SVEBY st ands for AiStandardi z
performance in buildingsodéd, which is a development progr e
for definition and verification of buil di ndosrGscentingouslyy pe
updated over time since 2012 in order to obtain continuity and clarity in verification. They have compiled schedules

also of Office buildings, Retail shops and Schools.

Their results are based on the results of the Statistics Norway, that conducted a study in 1996 in 179 households
from different types of locations and parts of Sweden, where the residents themselves were asked to record their
habits in a diary. The presence time indoors in the home is reported to be an average of 61.5% on weekdays and
73.1% on weekends, which corresponds to 14.76 resp. 17.54 hours per day, resulting in an average 15.5 hours of
attendance per day per person for a week. They conclude however, that the average, especially on weekdays, is
pulled up somewhat by the over 65 age group. In another diary study in 21 single-family homes, attendance time
was recorded from Thursday to Sunday [40]. On average, each person was at home 15.8 hours per day. An
assessment of average attendance time over a whole week gives approximately 14 hours per day per person, as the
survey studies two weekdays and two weekends.

In France, TH BCE 2012, [41] which is the official French calculation method for the energy performance of new
residential and commercial buildings includes a simplified schedule for taking into account occupant heat loads for
one particular building type, the 90m?2 single family house. This approach consideres that the metabolic rate, thus the
occupant heat dissipation is smaller when sleeping. The schedule suggest that between 10 a.m. and 6 p.m. the
building is unoccupied.

Empirical data

The occupancy schedules are very much dependent on the individual occupying the building, which makes it difficult
to draw conclusions from case studies with low sample size. For this variable, only studies of large scale were
searched for identifying the occupancy profiles. Time Use Surveys (TUS) have been conducted throughout Europe
regularly since the 1970's, where statistical data on the daily routine of people of a high sample size are collected.
TUSs have been used by several authors to profile profile occupancy patterns and energy-related daily activities of
occupants [8], [42], [43]. The space context of time use considers the place where individuals spend time at different
hours of the day.

The analyzed TUS data include averaged data for the surveys population for France and Belgium, while a number
of authors have also proposed certain type of clustering to gain information on different resident groups. The UK data
has been clustered based on the number or people in the household [44], while IT data is presented per gender and
the day of the week (weekday or weekend), and also provided total time spent at home distributed among age groups.
Based on the Belgian data the probabilistic occupancy profiles included activity types clustered into 3 categories:
awake, sleeping or absent. Similarly, Richardson et al [45] used the TUS UK 2000 database to derive profiles for
active occupants. Active occupants are defined as being awake and and in the house.
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Figure 1 shows ISTAT data for occupancy schedules in Italy [42], the time spent at home per gender and age group.
A high variation of the data between 13:00 to nearly 22:00 hours can be seen. A similar statistic has been published
for 8 European countries on Figure 2, showing a similar range. The same trend is seen that younger people occupy

their homes for approximately 40% less time.

75 and over —
65-74
55-64

15-24
_
_

65-74

55-64

1524
P e T

0:00 200 400 600 800 1000 1200 14:00 16:00 18:00 20:00 22:00

0O1988-89 E2002-03 Hours and minutes

Figure 1. Time spent at home among persons aged 3 years and over by gender, age group and survey year on
an average day - Years 2002-2003 (Source: ISTAT [42])

1400 Minutes per day

BE DE EE HU Sl Fl SE NO

15-24 m25-44 m45-64 w65+

Figure 2. Time spent at home by age. The upper age limit of the survey was 79 in Norway, 84 in Hungary and
Sweden, and 95 in Belgium. There was no upper age limit in the other countries. Years for data: 1998-2002

Source: Eurostat [46]

The occupancy profiles derived from the Time of use surveys for Ireland based on the UK Time of use Survey 2014i
15 distingushied profiles based on the number of occupants in the households. [44] Their proposed schedules show
lower occupancy rates in the morning than suggested by the standards.
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The research paper fiDevel opment of Dutch Occupancy and h
Guerra-Santin and S. Silvester [43] aimed at developing country-representative occupancy and space heating

patterns for the Netherlands based on the Woononderzoek Nederland (WoON) dataset 2012, a nationwide survey

carried out by the Dutch Ministry of the Interior and Kingdom Relations (BZK). These schedules were defined on a
present/not-present scale.

Time spent at home and time spent sleeping based on Time Use Surveys in 1998-2002 have been compared for ten
European countries, Belgium, Germany, Estonia, France, Hungary, Slovenia, Finland, Sweden, the United Kingdom
and Norway by Eurostat which shows regional differences in spending time at home. [46]

Tlme spent at home

N
~

m\Women ®mMen

BE DE EE HU Sl Fl SE NO

Countries

=N
o O

Hours per day
© o

o

Figure 3.  Time spent at home of men and women aged 20 to 74, Data: 1998-2002 Source: Eurostat [46]

Based on the data of the Belgian Time of Use Surveys, Aerts et al [47] developed a probabilistic model that generates
individual occupancy sequences that include three possible states: (1) at home and awake, (2) sleeping or (3) absent.
They identified seven typical occupancy patterns for simulations:

1 mostly absent

I mostly at home

1 very short daytime absence
I night-time absence

I daytime absence

1 afternoon absence

1 short daytime absence

A survey has been conducted in Portugal with a limited number of reponses via internet, (30 valid answers) which
were predominantly of men aged 21-40 years old. [48] While this study cannot be used as a representation of large
scale statistical data, it is interesting to compare the findings of a particular group of people to the large scale. Whlie
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on weekdays the lowest occupancy rate was below 10% on weekdays, close to 20% of the repondents spent time at
home at having lunch.

The CoolLIFE household survey documented in D3.1 for Hungary found that on an average weekday in the summer,
when no one at the household is on holiday and everyone carries out his/her everyday activities, 57.3% of the people
resonded to be at home at daytime as well.

The share of people who are at home at different times of an average

weekday
100% 93.0%
90% A
800 78.2% %
(]
70.2%
70%
60% 57.3%
(]
50%
40%
30%
20%
10%
0%
early morning morning (8:00- lunchtime  early afternoon  afternoon evenings night (22:00-
(6:00-8:00) 12:00) (12:00-14:00) (14:00-17:00) (17:00-19:00) (19:00-22:00) 6:00)

Figure 4. The share of people who are at home at different times of an average weekday in July in Hungary
Source: CoolLIFE survey

The share of people who are at home at different times of an average
weekend

9
100% 90.5% 88.2% 92.8%

90% 83.2% 81.0%
80%
70%
60%
50%
40%
30%
20%
10%
0%

early morning (6:00- morning (8:00-12:00) afternoon (12:00- evenings (19:00- night (22:00-6:00)
8:00) 19:00) 22:00)

Figure 5. The share of people who are at home at different times of an average weekend day in July in Hungary
Source: CoolLIFE survey
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Summary

The occupancy profiles found in the literature have been compared on Figure 6, and a comparative analysis is given
on Table 10 andTable 11. It is seen that high variation exist in the data, also due to the distribution of results per
population group presented in different studies. The average occupancies are higher at day time than what is
implemented in the standards for non-retired people. The pattern also shows that people in e.g Italy tend to spend
more time at home after lunch, which is not reflected in the standards.

Hours of daily occupancy
range of occupancy ratio

Profiles Country Source Weekdays Weekend
Average
eR:::denr::zldlel:riitlred, example for EU [37] 24 24 o4
oy g 100% 100%
;?s;gz?tlauozzﬁir;ment, example EU [37] 14.4 208 16.2
9y g 10-100% 80%-100%
T o
P @y ¢ 10-100% 80%-100%
Residential T 1-2 people, example EU [38] 14
for ventilation calculation 0-100%
Residential i n>3 people, EU [38] 16
example for ventilation calculation 0-100%
Residential, design Sweden [39] 14
recommendation )
Schedule for occupant heat loads  Portugal [7] 16
(90m2 SFH)

Table 10. Summary of the residential occupany profiles within standards and recommendations for energy
calculations
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Surveys or statistical data

Hours of daily occupancy

range of occupancy ratio

Profiles Country Source Weekdays Profiles Country
Residential, statistics Norway [39] 14.8 175 15.6
Single family houses, Norway [39] 4 daysod :#®wBerag 14
survey - -
Residential schedules for Netherlands [43] 15-24 7-10 13.6-18.3
hfaatlng S|mu_lat|ons, for 0-100% 0-100%
different family types
(suggestion based on TUS)
Residential, TUS statistic, Italy [42] 13.771 21.9 13.771 21.9 13.771 21.9
Distribution give per gender M 20%-97% m - 39%-97% i
and age group

w :35-98% w :48-98%
Residential, based on TUS Belgium [47] - 16.9

Table 11.

40%-100%

Summary of the residential occupany profiles from large population surveys or TUSs
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J— - —EN 16795-1:2019 - Apattment/House BE TUS 2005 Sleeping (average)
EN 18793-2:2019 - ApartmentHouse BE TUS 2005 Sleeping (aver P
CoolLIFE household survey Hungary
Figure 6. Comparison of occupancy profiles for weekdays and weekends: EN 16798-1 standard, ISTAT 2002-

2003, UK TUS 2000 data, BE TUS 2005 data and CoolLIFE household survey for Hungary. Source: Own image
based on data from: [42], [45], [47]
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2.2.2. Office buildings

Regulations and standards

The time profiles for non-residential building are also included in the informative Annex C of the EN 16798-1:2019
Energy performance of buildings - Ventilation for buildings standard, for the following space types relevant to office
buildings:

9 Office, landscaped
i Office, single
1 Meeting rooms

The most relevant standards used for determining the occupancy profiles of office building are the DIN standard
18599-10, which includes daily and annual hours for specific spaces within a building. For building simulations in the
lack of specific data several studies have followed the NCM in the UK and ASHRAE 90.1. For Sweden the Swedish
User Data for Office buildings prepared by the Sveby gives a recommendation of [49] 9 hours of daily occupancy,
250 office days per year (225 after deduction of holidays) and an occupancy rate of 70% of the time.

Occupancy (Offices)
1
c 0.9
2 o8 —Office, Single,
S 7 \ weekdays
= 0.7
> 06 l —\\eekends &
e Holidays
S 0.5 _
5 Office, landscapes,
3 0.4 weekdays
© 03 Meeting room,
0.2 weekdays
0.1
0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour of the day

Figure 7.  Suggested occupancy profile in the informative Annex C of the EN 16798-1:2019
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Usage Occupancy
ratio
Source Country Start End Hours Days annual
daily (hours)
EN 16798-1:2019 [37] EU 7:00 18:00 11 260 0- 70%
office (2868 hrs)
EN 16798-1:2019 [37] EU 7:00 18:00 11 260 0-90%
meeting room (2868 hrs)
DIN18599-10 [50] DE 7:00 18:00 11 250 -
Sveby [49] SE - - 9 250/ 225 70%

Notes: 1 after deduction of holidays

Table 12. Summary of the office occupancy profiles within standards and recommendations for energy
calculations

Empirical data

Office buildings show a strong daily and weekly pattern of occupancy. This type of building is the most studied in the
user behaviour researches. Detailed occupancy profiles are included in Annex Il, while main findings are presented
here. Duarte developed occupancy diversity factors for multiple space types based upon a 23-month dataset from a
large multi-tenant commercial office building in the US, and found that the peak average diversity rate in open plan
offices was around 85%, while for private offices only around 50%. [51] The ASHRAE-90.1 profiles considered a
hi gher occupancy rates for office buildings than the EN
what is condidered in the standard, private offices tend to be less occupied than landscaped offices. In contrary, in
the EN standards assuption the private offices are considered to have the highest occupancy, up to of 100%.
Studying the seasnal effects of holiday on the profiles an approximately 0.1 point change between the lowest and
highest month was seen: August and April are the months with the lowest occupancy, corresponding to Easter and
summer holidays. Also, he indicated a weekend usage reaching even 10% on Saturdays, and an evening peak on
weekdays. Peaks on all days are lower than suggested by the EN standard for both landscaped private offices, and
weekend occupancy is considered to be 0.
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- Measured private office
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Figure 8. Comparsion of ASHRAE 90.1 2004 references to the measured occupancy profiles by [51]

2.2.3. Educational buildings

Regulations and standards

The time profiles for non-residential building are also included in the informative Annex C of the EN 16798-1:2019
Energy performance of buildings - Ventilation for buildings standard, for the following space types relevant to
educational buildings:

I school, classroom (Figure 9)

i1 day-care, kindergarten

Occupancy (School classroom)

o
[e¥

= \\eekdays

~

= \/\/eekends &
Holidays

Occuapncy fraction
ocoooo0o00
OFRLNWDMOIIO

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour of the day

Figure 9.  Occupancy schedule implemented in the EN 16798 standard for classroom [37]

Daily and annual occuapancy ratio, start and end dates given as guidelines in the standards are shown in Table 13.
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Usage Occupancy ratio

Source Country Start End Hours Days annual
daily (hours)

EN 16798-1:2019, [37] EU 8:00 17:00 9 260 0- 70%
school, classroom (2346)
EN 16798-1:2019, [37] EU 7:00 19:00 12 260 0-80%
kindergarten (3129)
DIN18599-10 [50] DE 7:00 18:00 11 250 -
Sveby [52] SE - - 7 - -1
Notes: 1 National Calculation Method of Great Britain developed by the BRE is suggested to be followed

Table 13. Comparison of occupancy assumptions in legislation and standards

Empirical data

The annual usage patterns and seasonal differences of occupancy the literature of occupant behaviour is very limited,
however, this information is crucial as opposed to the occupancy of residential and office buildings the seasonal
variation is limited, when concerning occupancy in educational building the operation of the buildings is broken by a
summer holiday when the buildings are unoccupied, which has an affect on SC needs. The operation of the
educational buildings varies throughout Europe both regarding the duration of the school year and also the number
of lecture days per week through EU countries which has local historical causes; it is the result of policies and actions
in progress in different education systems, which, in turn, are based on diverse social, political, pedagogical and/or
cultural arguments [53]. To understand the SC demand and summer thermal comfort in educational buildings, the
regional differences in daily and annual operation hours have been mapped.

Variations in annual operation

A comparative study done by European Commission/EACEA/Eurydice, in 2019 for the reference year 2019/2020
compiled information on primary and general secondary education for the 38 countries participating in the EU's
Erasmus+ programme (28 Member States, Albania, Bosnia and Herzegovina, Switzerland, Iceland, Liechtenstein,
Montenegro, North Macedonia, Serbia and Turkey). [54] They found that the most common range of number of
school days was between 170 and 190, with the shortest duration of 157.5 days and the longest 200 days, which
period is interrupted by a number of holidays. Autumn, Christmas, Spring holidays are usually provided. For the
CoolLIFE project the most important holiday is the summer holiday as it has the highest influence on the (lack of) SC
demand. [54]

The length of the summer holidays varies significantly between countries: from 6 weeks in some German L 2 nd e r
(regions), the Netherlands, the United Kingdom (England and Wales) and Liechtenstein, up to 15 weeks in Bulgaria
(for primary education). The most typical length of holiday is between 12-13 weeks. The holiday length is the same
in most countries independent from the level of education. However, in Bosnia and Herzegovina secondary schools

stk Cool
" LIFE 40



D3.2. ANALYSIS OF BEHAVIORAL INTERVENTIONS ACROSS EUROPE

start the holidays earlier than primary schools; while in Albania, Bulgaria, Greece and Serbia students in primary
education have the priviledge to start holidays earlier.

The school year generally ends between the end of May and the second half of July, Mid-June being the start of the
holiday the most often. The end of the summer break and start of the new school year varies between August and
the end of September. The most typical start of the school year is the beginning of September.

On Figure 10 and the annual distribution of the school holidays in the cooling season is shown. Detailed data has
been included in Annex II.

Distribution of school holidays in cooling season

easter B summer autumn

o

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 10. Distribution of school holidays during the cooling season, Based on: European
Commission/EACEA/Eurydice, 2019 [54]
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I:] <7 weeks
> 7 to <9 weeks

ﬂ >9to <11 weeks

. > 11 weeks

Only in primary education Only in upper secondary education

IE EL ‘é“ cy # IS *

Country-specific notes

Bulgaria: Between 11 and 15 weeks in primary education
Switzerland: Between 5 and 10 weeks in primary and secondary education. In most cantons, it's less than 7 weeks, but in
Ticino it's 10 weeks.

Source: Eurydice.

Figure 11. Length of summer holidays in weeks, primary and secondary general education, 2019/2020 [54]

Weekly operation: According to a comparative study from 2020 [54] of the school day in 15 european union countries
the 5-week (Monday to Friday) schoolweek is prevailing, however, four and six-day-week schools are also
implemented. In specific countries, e.g. Belgium, Netherlands or France Wednesday afternoon is free.

Daily operation: According to the same study, findings on the school day in 15 European Union countries the
compulsory school day classes usually start between 8 am and 9 am and the compulsory instruction time varies
between 5 to 6 hours per day. The school day is organized into one or two sessions devided by a lunch break,
resulting in half-day or full-day activities.

It is also important to note that the above study concentrated on mandatory, curricular activities of students. When
considering the operation of the education buildings, it should be noted that extracurricular activities, study groups,
facultative lectures can also take place in the educational buildings, which might extend the operation of the buildings
into afternoon hours. These activities are expected to result in partial operation (e.g. only considering the sports hall),
however, the presence of these are dependent on the management of the individual institution, thus are unpredictable
on a large scale.

2.2.4. Change in occupancy patterns

It is important to note that occupancy patterns have changed in the last years. In the office industry the concepts of
activity-based workplaces, flexible office, desk sharing, hybrid office and agile offices are popular notions that are
reshaping office building use. Office occupancy rate is considered to be around 60%-70% in traditional office spaces
which together with a more flexible space usage allows occupants to select locations which are more comfortable.
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Additionally, as a cause of COVID-19, the higher penetration of home office possibilities throughout Europe, which
is not reflected in the standards or the statistical data found in the literature. This change reduces the time spent in
offices, which could lead to energy savings reaching up to 50% energy reduction in comparison to the pre-pandemic
situation. [55] However, as the time spent at home increases, this causes an increased demand in space cooling in
homes, which is not yet fully explored. Todeschi et al [56] calculated energy use for three residential neighborhoods
located in the Canton of Geneva, Switzerland during the partial and full lockdown due to COVID-19. Their study
anticipated a 17% increase in residential energy demand for space cooling during the partial lockdown and 28% in
the case of the full lockdown. These values cannot be considered as a prediction for the current situation, however,
it shows that the order of magnitude of increase is worth examination.

Eurostat concluded, that during the COVID-19 crisis, a large proportion of employed people was faced with changing
patterns of work i including working from home. In 2019, approximately 1 in 20 (5.5%) employed people aged 207
64 years in the EU usually worked from home. The impact of the COVID-19 crisis was apparent as this share more
than doubled in 2020 to 12.3% (+6.8 percentage points; pp). To a lesser extent, there was a further increase in the
share of people usually working from home in 2021, as it reached 13.5% (+1.2 pp). Clear regional and country specific
differences can be seen onFigure 12 and Figure 13.

Employed people usually working from home, 2021
(people aged 2064, selected NUTS 2 regions)

Regions with highest shares, 2021 (%) Regions with largest increases, 2019-2021 (percentage points)

0 10 20 30 40 50 0 10 20 30 40
EU B |
Stockholm (SE11 Eastern and Midland [IEOG]_
Eastern and Midland (IE06, Stockholm (SE11)

Prov. Brabant Wallon (BE31
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Utrecht (NL31)

Prov. Oost-Vlaanderen (BE23)
)
)

)
)
Helsinki-Uusimaa (FI1B)
)
)

lle-de-France (FR10
Hamburg (DE60!

Prov. Brabant Wallon (BE31)7

Prov. Viaams-Brabant (BE24)
Bruxelles-Capitale (BET0) |
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Prov. Qost-Vlaanderen (BE23]_
Tle-de-France (FR10)
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Based on available data, some regions are not available (too many to document). Includes earlier reference years for some regions (too many to document).

e - |

ec.europa.eu/eurostatﬂ

Figure 12. Employed people usually working from home, regions with highest shares in 2019 and largest

increase between 2019-2021 Source: Eurostat [57]
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People usually working from home, 2020
(9% of employed people aged 15-64)
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Figure 13. Employed people usually working from home, 2021 Source: Eurostat [58]

2.2.5. Conclusions and recommendations

During the literature review both the residential sector and the service sector of the EU building stock were analyzed
from the occupancy perspective. An evaluation of the occupants role in different building types regarding their
influence on SC demands has been completed, based on which the building types subject to detailed evaluation was
identified, by selecting the ones offering the highest potential for OB interventions. Based on the evaluation
considering the nature of the time spent in each building type, the freedom of the occupant in adjusting their thermal
environment by interacting with SC devices and building elements and adopting by personal measures to restore
thermal comfort

1 residential,

1 office and

1 educational buildings

have been selected for an in-depth analysis.

The literature review revealed that for the consideration of occupancy for the purpose of energy simulations as
defined in standards only exist as examples or recommendations. These standard assumptions for energy prediction
(in particular SC, where available) have been collected and compared to statistical and case study data available in
the literature. Regional differences in occupancy patterns have been identified and compared to the profiles
implemented in standards and legislations. The average daily occupancy in residential buildings varies between 13.6
and 24 hours, while the occupancy rate defers highly depending on the type of occupant. However, seasonal
variations are not considered.
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The use of residential buildings shows daily and weekly patterns, on the large scale a lower occupancy ratio is seen
on weekdays during daytime, and higher occupancy in the evenings, night time and during weekends. However,
when comparing statistical data to the examples in the standards it can be seen that large differences can occur on
the detail level: the TUS surveys in Italy and Belgium revealed that mid-day peaks can occur, however, at different
times of the day: in Belgium a peak has been found around noon, while in Italy it is shifted towards the afternoon
hours. When considering SC demand this peak is important as it occurs at the time when also SC demand is highest.

In the literature, where more detailed, clustered occupancy profiles are drawn, these are based on the number of
people in the household and/or differentiated based on the life stage/family status, and in some instances, on the
day of the week. Implemeting these clustered data can be done when the characteristics of a particular dwelling |
known.

The occupancy of office buildings shows a more balanced pattern, here numerous studies were identified showing
the deviation from standard approaches. Recent trends in occupancy patterns has been presented that reduce the
occupancy rate in offices and at the expense of increasing occupancy in dwellings. The ratio of people working in
home-office has increase from 2019 to 2021 up to 32%.

For educational buildings the distribution of instructional hours and days around the year has a high heterogeneity
throughout Europe. When considering SC demand, beside the number of school days, the different start and end
dates, and duration of summer holidays has been collected, together with the daily patterns of use. The period of
occupancy within the time of the year that is subject space cooling is not reflected in the suggestions for energy
prediction of these types of buildings, however, the local conditions should be considered.

As a conclusion, it can be stated that the assumptions regarding the occupant behaviour in standards an legislations
are not season or region specific but provide a simplified approach to considering occupancy rate and duration.

The large scale data collected show that residential buildings have a higher average occupancy than what is
suggested in the standards, which is also the case for office buidings. For educational buildings the occupancy
patterns show high variation with limited use in summer, that is not included in the standards.

Recommendations

It is suggested that during the prediction of SC demand the regional differences are taken into account and the
realistic occupancy profiles are implemented. When considering SC of educational buidings the distribution of school
time in that particular region should be considered as the different distributions of summer holidays has a direct effect
on SC demands.

For residential buildings the use of a particular dwelling unit g can defer from the average profiles drawn from the
large scale datasets, influencing SC demands. Thus, for residential buildings, instead of implementing a standard
occupancy profile, implementing characteristically different profiles to test the effect on SC demand can lead to a
more robust approach. From the literature profiles clustered based on different aspects (age, household composition,
dwelling size) have been found.

Regarding the use of the occupancy profiles when suggesting interventions, itcanbed i f f i cul t t o i
habits regarding the presence in their own home. Nevertheless, in section 4 successful intervention campaign have
been shown. The current work helps understand how the buildings are occupied in reality to get more precise inputs
in planning. The collected data can serve as a baseline for policymakers to develop a set of representative occupancy
patterns, addressing also regional differences. Also, it is suggested that during design, instead of using one
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occupancy profile, a set of profiles should be used to have robust feedback on the expected SC demand. The
collected data will also feed into T.3.3 Quantification of behavioural interventions for space cooling reduction, where
the differences arising from the identified occupancy profiles will be quantified.

stk Cool
" LIFE 46


























































































































































































































































































