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Large differences between the expected and actual energy consumption have been found in energy effi-
cient dwellings. Research has shown that these differences are partially caused by occupant behaviour.
The financing and payback periods of low carbon technologies are often uncertain because of the impact
of the occupants on building performance. This translates into a reluctance to invest in deep renovation
projects. The goal of this design-inclusive research project is to develop a solution for zero energy reno-
vation that reduces the uncertainty on building performance cause by occupants’ behaviour by reducing
the uncertainty in design decisions and energy calculations. This investigation focuses on the identifica-
tion of building type specific occupants and their characteristics, requirements and living practices. This
paper presents the user research approach developed for the renovation process. The approach consists
of statistical analysis of Dutch households, a monitoring campaign in the area of study and co-creation
research through mock-ups, enactments and interviews. Case studies results are presented to highlight
the effect of different household types on energy consumption and occupants’ requirements, and point at
the importance of taking into account household typology and socio-economic characteristics in energy
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calculations or building simulations, as well as occupant requirements in the design process.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Renovation of the housing stock is an important item in the
agenda of European countries. In the Netherlands, housing associa-
tions, which manage approximately 1/3 of the building stock, have
set ambitious goals to improve the energy performance of their
properties by 2020 [1]. They aim at achieving an average energy
label B in the A to G energy performance rating scale, A being the
highest. Furthermore, some housing associations are aiming for
renovation projects with higher impacts. A number of zero-energy
renovation projects have been conducted in recent years [2]. Ren-
ovation with a zero energy objective can be achieved through high
envelope insulation, air tightness, triple glazing, efficient heating
and ventilation systems and renewable energy installations, such as
photovoltaic and geothermic. However, recent research has shown
that low energy buildings do not always perform as expected [3].
Large differences between the expected and actual energy con-
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sumption have been found in dwellings with similar characteristics,
some studies have reported a twofold difference [4]. These differ-
ences have been attributed to diverse factors such as rebound [5]
and pre-bound effects [6], as well as on the interaction between
occupants and building technologies [7]. These effects are partially
caused by the different household typologies, comfort preferences
and lifestyles of users. An in-depth literature review in these topics
can be found in [8]. As a consequence of the impact of the occu-
pant on building performance, the financing and payback periods of
low carbon technologies are often uncertain; the periods are often
longer than initially calculated. This translates into a reluctance to
invest in far-reaching renovation projects by housing associations.

To address this issue, the research presented in this paper aims
at developing a renovation concept for social rental multi-family
housing. The concept consists of four main elements: 1) techni-
cal solution, 2) pre- and post- renovation monitoring campaigns,
3) acceptability process, and 4) business modelling. These four
elements are integrated into the renovation strategy with the inten-
tion of developing a complete approach to building renovation. This
paper presents and discusses the user research part of this strategy,
which consists of 2) building monitoring and 3) acceptability pro-
cess. The paper presents the approaches and summarises the results


dx.doi.org/10.1016/j.erss.2017.03.009
http://www.sciencedirect.com/science/journal/00000000
http://www.elsevier.com/locate/erss
http://crossmark.crossref.org/dialog/?doi=10.1016/j.erss.2017.03.009&domain=pdf
mailto:oguerrasantin@gmail.com
dx.doi.org/10.1016/j.erss.2017.03.009

0. Guerra-Santin et al. / Energy Research & Social Science 32 (2017) 164-179 165

- OCCUPANCY PROFILES BUILDING SIMULATION
STATISTICALANALYSIS [E] ENERGY

I CALCULATIONS

> HOUSEHOLDS BEHAVIOUR |- [F]

MONITORING HOUSEHOLDS [B]

| BUIDINGSTOCK ||  DUTCHHOUSEHOLDS | | el
STATISTICAL ANALYSIS [A] FEEDBACK TO

’ REFERENCE BUILDING H REFERENCE HOUSEHOLDS }7 DESIGN TEAM

STATISTICAL ANALYSIS

A

v [C]

' HOUSEHOLD CHARACTERISTICS |

STATISTICAL ANALYSIS

| HOUSEHOLDS PREFERENCES [~

\ [D]

CASE STUDIES / MOCKUPS

Fig. 1. Research approach.

obtained from case studies in which the approach was tested. The
aim of this investigation is to contribute with a combined approach
to replicate in actual renovation processes. The methods as well as
results are reported in more depth elsewhere. The overall renova-
tion strategy is further explained in [9], the technical solution in
[10], the building performance in [11], and the business modelling
in[12].

The technical solution consists in the facade system to be
manufactured off-site and added to the buildings. Although, the
description of the technical solution is out of the scope of this paper,
itisimportant to mention that it presents challenges for tenant par-
ticipation: standardization of design and home systems will create
a technically and financially feasible design, but raises the question
about the choices tenants would have for their specific building.

Pre- and post- renovation monitoring campaigns are intended
to assess and improve the performance of the buildings. The reno-
vation performance target has been defined as ‘zero on the meter’
(NOM). In the Netherlands, the concept of zero on the meter
(nul-op-de-meter) is defined as a building (usually social housing
renovation projects) in which the yearly building-and user-related
energy consumption equals the generated renewable energy in the
building and surrounding area, for example with Photo Voltaic pan-
elsontheroof[2].The conceptisbased onresidential buildings with
‘standard’ occupancy defined in Dutch norms [2]. However, actual
occupancy patterns and their effect on energy consumption are cur-
rently not reflected in the ‘standard’ occupancy patterns defined in
norms and simulation tools. Therefore, the achievement of energy
targets defined by the concept (NOM)is uncertain. In addition, there
is still uncertainty about the causes of rebound effects [7].

The acceptability process consists in the early involvement of
the tenants in the renovation process so that they can give an input
that can render the project acceptable to them. In other words, this
is a participation process. Part of acceptability is that the process
serves to enable tenants to understand and consider the new sys-
tems and solutions in their homes. In the Netherlands, 70% of the
tenants in a building must agree on the renovation process, for it
to be performed. This is not always achieved [8]. Additionally, if
a renovation does go through, rebound effects often occur after-
wards, meaning that the actual energy consumption is higher than
predicted in calculations [13]. The reasons are still unclear, but are
presumed to lie in residents’ post-renovation behaviour and inter-

action with their home systems [14]. The current literature on good
communication processes with tenants presents well-developed
processes emphasizing open and timely communication, financial
security, and a reliably scheduled and brief renovation process [15].
Breukers et al. [15] concur that a careful process of resident partici-
pation ahead of renovation would improve acceptability. However,
the current literature on processes lacks a focus on daily living
practices of tenants, both pre- and post-renovation, although these
may affect energy use (pre-bound and re-bound). The acceptability
research therefore adds this element by starting from the mean-
ings that people attach to their home [15], to enable residents to
find their own motivation for the renovation and to be open to the
new experiences it brings.

A new business model is required for this renovation concept
in order to implement and upscale the solution. Housing associa-
tions have only a limited budget to invest on their portfolio, and
so, for a deep renovation, extra investments are needed. The busi-
ness modelling seeks to find the best solution for the investment in
the new technologies, taking into account market and occupancy
uncertainties.

The third element of the approach is the acceptability process
and consists of two parts: firstly, working towards the go-ahead
from tenants, and secondly, reducing uncertainty about tenants’
pre- and post-renovation lives with their home and its systems. The
first part responds to aregulation in the Netherlands that states that
a renovation process cannot start unless 70% of the tenants within
the project scope give it the go-ahead, in other words, accept it.
This go-ahead is by no means always achieved [8]. Consequently,
there is Dutch literature on good communication processes with
tenants, presenting well-developed processes emphasizing open
and timely communication, financial security, and a reliably sched-
uled and brief building period [15]. However, the well-described
processes [15] lack a focus on pre- and post-renovation daily
lives of tenants although, as mentioned above, these may affect
energy use (pre-bound and re-bound) and expected energy sav-
ings are not achieved [2,7,13]. The second part of this acceptability
process therefore seeks to engage tenants in inquiry into their
pre- and post-renovation interaction with their home and its sys-
tems, of which not much is known [14]. As Strengers [16] argues,
such practices are not only economic-rational, but consist of fine-
grained networks of routines co-shaped and managed with certain
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Table 1
Scales, topics and instruments used in the different research methods.
Scale Topics Instruments

Case studies Urban/ Acceptability of renovation Interviews
(Study of target neighbourhood process Questionnaire surveys
households in similar Target user practices and Observation
neighbourhoods) behaviour at home [terative interventions
Mock-ups System/element Interaction user-system or Interviews

(Prototypes of systems
and building elements)
Monitoring case
studies

Dwelling unit

Statistical analysis Nationwide

user-element

Liveability

Thermal comfort preferences
Occupants’ behaviour
Heating practices

Occupants’ behaviour

Observation

Iterative interventions

Monitoring campaigns
Measurements

Interviews

Self-reported data

Statistical analysis of Dutch dataset

Household typology

competence by diverse householders and the home systems. The
complexity of these practices, combined with the technical com-
plexity of a building, result in the need for an in-depth participation
process. It should start from people’s experience of their home and
what they do in the home daily and why [14,16]. In this research
project, seeking acceptability of the concept consists of a) seeking
the tenants’ go-ahead for the renovation (this process is presented
elsewhere [9]), and b) establishing design choices with tenants. The
design choices, to be established, should later be open towards ten-
ants’ co-shaping of their home experience with the building and its
systems. Many sources concur by now that this co-shaping should
resultin energy savings more naturally than through self-discipline
via feedback systems [17,18]. Both the monitoring research and
the design choices part of the co-creation research are about the
dwelling and its systems, so this overlap will aid our later discussion
of how they inform and enrich each other.

This paper presents the two parts of the user research to
identify and reduce the uncertainty in building performance. The
monitoring research focuses on the quantitative identification
of building type specific occupants and on the investigation of
their characteristics and requirements to inform the design and
the energy calculation process, combined with qualitative inter-
views to understand household practices. The co-creation research
focuses on the qualitative elicitation of user requirements for
design choices using mock-ups and enactments. The paper sum-
marises the findings of the quantitative and qualitative analyses.
The discussion addresses how the user research unites the possi-
bilities of automated data collection with the insights that tenants
themselves develop through engagement with old and new home
systems, and how these two ways of gaining insight can strengthen
each other.

2. Approach

Two aspects of occupancy are taken into account and integrated
into the proposed renovation approach:

A Performance gap. The objective of this research is to identify and
reduce the uncertainty related to the effect of occupancy. By
reducing the uncertainty on calculated energy savings, created
by differences in occupants’ behaviour and household typology,
we can also reduce the uncertainty in the estimation of return of
investments.

B User-building interaction. This research aims at reducing uncer-
tainties by integrating user-centred research as an instrument
to feed back requirements to designers. Additionally, designers
can implement better interfaces and solutions, and help users to
understand and interact with the new technologies.

Thus, this paper presents a user research approach using diverse
methods and serving two related goals: to determine the effect
of household typology on the zero energy concept, and to inte-
grate user practises and requirements into the design of solutions.
Three types of studies are presented: 1) quantitative analysis of
nationwide statistical data to determine occupants’ behaviour and
household typologies prevalent in the neighbourhoods to be ren-
ovated, and to calculate energy demand, 2) mix-methods analyses
of pre-renovation monitoring campaigns to determine occupancy
practices and thermal preferences, and 3) qualitative investigation
on how tenants experience buildings involving user requirements
elicitation from enactments with full-size mock-ups of window
areas and mechanical ventilation.

Fig. 1 shows the approach and research techniques used in
this investigation. Statistical analyses were used to determine
household typologies and the socio-economic characteristics of
households more likely to inhabit the reference building [A] a typ-
ical example of the post-war industrial build social housing stock.
Based on the household typology, monitoring cases were studied
to determine the specific behavioural patterns of the monitored
households [B]. In addition, based on the reference socio-economic
household characteristics [C], qualitative studies were carried out
to determine user requirements [D]. Occupancy profiles were sta-
tistically defined [E] to calculate energy demand with building
simulations [F]. The results from the energy calculations and house-
hold requirements were fed back to the design team [G]. Table 1
shows the research methods followed according to the scale in
which they were carried out, the topics studied, and the instru-
ments used. The statistical analysis of household typologies and
occupants’ characteristics as well as the monitoring studies are
introduced in Section 4. The co-creation studies with mock-ups to
understand occupants’ practices in the reference building are pre-
sented in Section 5. Sections 3-5 summarise the findings from the
quantitative and qualitative studies. For more detailed information
about the individual research approaches, see [9-12,19-21]. The
integration of the methods into the design process is explored in
Section 6. A discussion and conclusions are presented in Section 7.
Following sections introduce the reference building and reference
households, central concepts on this study.

3. Effect of household typologies on performance

The proposed approach has been developed to be applied to spe-
cific renovation projects, since every building is different, both in
terms of construction and occupants. To develop the approach, the
research was based on a reference building and reference house-
holds. The selection was the result of building stock and household’s
typology research, as described below.
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Fig. 2. The reference building.

3.1. The reference building the Netherlands. Due to the circumstances of its development,
the post-war housing stock has specific characteristics in terms

The target group for the present investigation are the massively of neighbourhood design, construction and problems. During the
built post-war, porch apartment blocks (portieketagewoning) in period 1946-1974 more than 2 million dwellings were constructed
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Fig. 3. Percentage of increase/decrease on energy consumption in the reference building in comparison to the total Dutch building stock.

Table 2
Energy consumption per household type (in kWh) for the building stock and for the
reference building.

Gas kwh Electricity kwh

Reference All Reference All
Single senior 10874 14858 1724 2162
Single adult 10450 12800 1837 2341
Adults couple 11583 16437 2338 3479
Seniors couple 12131 18335 2342 3358
Three adults 13037 18704 2726 4681
Single-parent 12976 15362 2405 3194
Nuclear family 13183 18166 2773 4309

in the Netherlands, which account for approximately one third of
the residential stock. These buildings were generally poorly insu-
lated at the time of construction and they are in need for renovation
[22].

About 15% of the post-war construction was carried out in a
precisely defined, modular system that was replicated for thou-
sands of buildings. The system is characterised as non-traditional
and industrialised, because prefabrication, new materials and ways
of constructions were predominant [23]. However, dwellings that
were not constructed with industrialised systems still show a high
degree of similarity in terms of material, techniques and layout [24].
The most important building characteristics that can determine the
refurbishment strategy include floor plan layout, location of utili-
ties spaces, balcony type, wall construction, connection with the
slabs, and window-to-wall ratio.

Next to literature research, an on-site investigation was car-
ried out in the area of Rotterdam-Zuid. Through observation and
documentation, different building types were categorised in terms
of wall, window, roof type, balcony location, the existence and
construction type of the parapet, and staircase location. Based on
the building stock literature research and on-site analysis, a refer-
ence building type was determined, which is considered the most
common type in the area of investigation and have typical charac-
teristics found in the building stock analysis.

The features of the reference building are: a mid-rise apartment
block with central staircase and access in the front facade leading to
two apartments per floor. The construction is characterised by mas-
sive walls with reinforced concrete slabs, brick cladding with cavity
and no/little/out-dated insulation, large windows incorporating
lightweight parapet and continuous floor slabs in the balconies.

The floor plan and pictures of the reference building are shown in
Fig. 2.

3.2. Household typologies

Energy consumption in dwellings is affected by household
demographics (age, gender, household composition), socio-
economic level (education level, income), and lifestyle (retirement,
full-time work, unemployment) [7,20]. For example, two one-
person households with similar income can still have very different
energy consumption levels because of age, background, employ-
ment status and health condition.

Therefore, household typologies have been defined through
analysis of the Dutch building stock. The definition of the house-
hold more likely to reside in the reference building is particularly
important in renovations aimed at social housing, where it is likely
that the occupants hold special socio-economic characteristics in
comparison to a national sample. These characteristics, such as
income, employment status and background could have an effect
on energy consumption and occupant behaviour. In addition, tar-
geting a specific solution to a specific type of user can increase the
acceptability of the project, because it will fit residents’ needs. For
example, the design of window areas could be varied depending
on how much view of the street residents prefer. Additionally, it
would help designers to make choices regarding the most suited
solution for the renovation, and regarding which building choices
to offer to the residents.

The information on household types will allow us to 1) cal-
culate more accurately the expected energy consumption in the
building, and 2) direct design decisions (for example, user-building
interaction based on lifestyle).

For the determination of the reference households, the WoON
dataset was used. This dataset is based on a nationwide survey car-
ried out by the Dutch Ministry of the Interior and Kingdom Relations
(BZK) and includes information regarding household composition,
housing needs, energy consumption and building operation. The
dataset contains the compilation of 4800 dwelling audits and over
69,000 household questionnaires, which are also linked to external
data [25].

The most common household types on a national level were
first defined according to household size and age of the household
members, specially taking into account the presence of children
and elderly people, groups that have shown to have an effect on
energy consumption [26]. These households are: single senior, sin-
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Table 3

Reference households - social economic variables and results chi-square and t-tests.

Chi-square and T-test results

Education level Low education
(highest in household, LBO

including current level) MAVO-MULO-VMBO
HAVO-VWO-MBO
HBO-University
Autochthone

At least 1 western

At least 1 non-western

Ethnicity

Religions and beliefs
Islam, Hindu)

Health condition Poor health condition

Good health
Health long-term Poor health condition
illness, disease, Good health
disability
Income Continuous variable — Euro

Working at home
Lifestyle — frequency
contact with friend
Lifestyle — frequency
contact with family
Lifestyle — frequency
participation in clubs
Lifestyle — hours TV
per week

Interval variable — frequency
Interval variable — frequency

Interval variable — frequency
Interval variable — frequency

Continuous variable — hours

Lifestyle — hours sports Continuous variable — hours

per week

(Roman-catholic, Protestant, Reformed church,

X2 (5)=493.6, p<.001

X% (2)=990.5, p<.001

X% (9)=675.7, p<.001
X2 (4)=427.8, p<.001

x%(1)=107.8, p<.001

t(3487.7)=68.48, p<.001
all M=55842, SD =44825
reference M =29256,
SD=16466

X% (1)=153.1, p<.001

X2 (4)=47.9, p<.001

X% (4)=49.7, p<.001
X2 (4)=267.3, p<.001

t(2341)=12.26, p<.001
allM=15.44,SD=11.4
reference M=19.17,SD=14.2
t(2375.6)=2.66, p<.01
allM=4.60, SD=5.9
reference M=4.23,SD=6.4

gle adult, seniors couple, adults couple, three adults, single-parent
household, and nuclear family [20].

To investigate household typologies and their effect on energy
consumption in the reference building, the WoON dataset was split
into a sub-dataset containing only the cases of buildings similar to
the reference building. The sub-dataset contains 2194 cases.

Two analysis of variance tests were carried out to determine
the differences on energy consumption for different households.
The first test was carried out in the complete WoON sample, and
the second test on the reference building sub-sample.

The results of the national sample test showed that gas
consumption (F(6,16080)=659.1, p<0.001 welch statistic), and
electricity consumption (F(6,16059)=3054.8, p<0.001 welch
statistic) are statistically significantly different for all types of
households. Posthoc tests showed that there were differences
between all household types for electricity, and between all but
the following for gas: single senior and single parent, seniors couple
and three adults, and seniors couple and nuclear family.

The results of the reference building sub-set showed that gas
consumption (F(6,538)=10.7, p<0.001 welch statistic) and elec-
tricity consumption (F(6,536)=39.5, p<0.001 welch statistic), are
also statistically significantly different for different types of house-
holds. Posthoc tests showed that there were differences between
all household types for electricity but the following: adults cou-
ple and seniors couple/single parent, seniors couple and single
parent, and 3 adults and nuclear family. Posthoc tests for gas
consumption showed differences for all but the following: single
senior and single adult/adults couple, senior’ couple and adults
couple/3 adults/single parent, 3 adults and adults couple/single
parent/nuclear family, and single parent and adults couple/nuclear
family. Table 2 shows the energy consumption per household type
(in kWh/m2) for the building stock and for the reference building.

Fig. 3 shows the differences (in percentage) on energy con-
sumption between households living in the reference building in

comparison to all Dutch households. The differences on energy con-
sumption among the household types in the reference building are
not as large as in the national sample, and the energy use tends
to be lower in the reference building (with two exceptions: sin-
gle households and three adult households). These results suggest
that the effect of household type may be smaller in the reference
building than in other building types. The reasons might be that the
households in these apartments tend to have lower incomes.

To determine the prevalence of specific types of households in
the reference building, a Chi-square test was used. The Chi-square
test showed that the households more likely to inhabit the refer-
ence buildings are: ‘single senior’, ‘single adult’ and ‘single-parent
household’; while the households less likely to inhabit the refer-
ence buildings are ‘three adults’, ‘nuclear family, “two adults” and
‘two seniors’ (x2(6)=1231.97, p<0.001). In the following sections,
we further explore the effect of household typology on energy
demand.

4. Effect of occupants on building performance

In this section, we present the results of the investigation on the
effects of household typology and occupants’ behaviour on energy
performance. Firstly, we investigate the socio-economical charac-
teristics and lifestyles of the reference households. Based on these
characteristics, the case studies of further sections were selected. As
a second step, we briefly introduce the household profiles defined
statistically for the Dutch population, and use the resulting heating
and occupancy patterns as input for building simulations. Further,
a occupancy monitoring campaign was carried out in the area of
study (Rotterdam) to further understand occupants’ behaviour and
heating practices on households with determined characteristics.
From the monitoring campaign, heating and occupancy profiles
were defined for each household, and compared to the statistical
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Table 4
Socio-economical characteristics of households in the reference building.
More likely Less likely
EDUCATION Lower education Higher education
LAND AND ETNICITY Non-western Dutch background
background
LIFESTYLE To watch more hours To work at home
TV per week To spend time doing sports Less likely
To have frequent contact with family and
friends
To be part of a club
HEALTH CONDITION To have poor health
condition
To suffer a disability
RELIGION Islamic, Hindu Roman-catholic, Protestant, Reformed Church
Table 5

Dutch household profiles.

Comfort (evening) Setback (night/absence)

Average day Radiators bedroom Radiators others

temperature (°C) temperature temperature
0 Q)

Single senior 24 21 22 Semi-open Semi-open
Single adult 17 10 13 Semi-open Closed
Adults couple 20 15 18 Semi-open Semi-open
Seniors couple 23 19 20.5 Semi-open Open
Three adults 20 16 18.5 Closed Open
Single-parent 20 15 18 Open Closed
Nuclear family 20 16 18.5 Open Semi-open

profiles. The integration of these results and their feed back to the
design team is presented in Section 6.

4.1. Reference household characteristics

To identify the characteristics of the reference households
beyond composition (household size, age and presence of children
and seniors), Chi-square tests were performed to identify other
socio-economic characteristics. The WoON sample was split into
reference building and non-reference building with the previously
mentioned building characteristics. With the Chi-square tests we
investigated whether certain social and economic characteristics
would be more likely to appear in the households living in the ref-
erence building. Chi-square tests were also used to determine the
lifestyle of the households living in the reference type building and
to determine the presence at home and other habits that might
be useful to define occupants’ profiles. The variables used in the
statistical analysis are shown in Table 3.

The results of the statistical tests are shown in Table 3. The
households in the reference building are more likely to have lower
education, a foreign background, have contact with friends less
often, participate less often in activities outside the home, sport
less often, have a non-Christian religion, have a lower health condi-
tion, and be less likely to work at home compared to households in
other type of buildings. We can therefore conclude that we are more
likely to find minorities and elderly people in the reference build-
ing (Table 4). These characteristics should be considered for energy
calculations as well as in the selection of low carbon technologies
such as ventilation systems and their interfaces.

4.2. Effect of household typology on energy demand

Building simulations are used, during the design process, to
calculate the energy demand of a building, and to size the installa-
tions. Building simulations have however, shown large differences
in comparison to observed energy consumption [27]. One of the
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Table 6
Main characteristics monitored households.

Dwelling 37

Dwelling 38

Dwelling 39

Type of dwelling Semi-detached

Size 88 m?

Systems Central heating, room
radiators,

programmable thermostat
Heating, cooking and domestic
hot water on gas.
Individual meter

Vents above windows
Double glazing

Floor insulation

Type of fuel

Other features

Semi-detached

96 m?

Central heating, room
radiators,

programmable thermostat
Heating, cooking and domestic
hot water on gas.

Individual meter

Vents above windows

Double glazing

Floor insulation

Semi-detached/conversion (old
church)

117 m?

Central heating, room
radiators,

smart thermostat

Heating, cooking and domestic
hot water on gas.

Individual meter

Vents above windows

Partial double glazing

Floor insulation

Household size, ages 3 2 3
54,46, 19 53,15 54,47,15
Occupation Employed, unemployed, Employed, student Employed, unemployed,
student student
Attitudes Environment over comfort or Comfort over environment or Cost and comfort over
cost cost environment
Table 7
Main characteristics of participants in ventilation study.
Participant Age Gender Important Background Household Building
aspects size characteristics
1 50+ Female Environment, NL 1 Porch building Central heating
costs, control
2 60+ Male Health NL 1 Porch building Central heating
3 50+ Male NL 1 Porch building Central heating
4 50+ Female, male Health Comfort Indonesian-NL 2 Porch building Central heating
5 +25 Male Safety NL 3 Porch building (previously) Central heating
6 +25 Male, female Habits, Moroccan 2 Two-under-one-roof dwelling Central heating
usability,
safety, ease
7 +25 Female Different Turkish (raised in NL) 5 Gallery building (four levels) Central heating
requirements
8 +25 Female Ease, value NL 2 Porch building (owner) Central heating

reasons for the differences has been attributed to the standard
occupancy profiles usually employed in practice [28].

In this section, we define statistically Dutch occupancy and heat-
ing profiles that better reflect the use of building systems.

Occupancy and heating profiles per household were defined
using factor analysis and ANOVA tests [20]. The statistically defined
household profiles can be used in initial stages of the renovation
design process, or when information about prospect residents is
not available.

Building simulations with Bink software [29] were carried out
based on the reference building for each of the seven household
typologies defined in Section 3.2: single senior, single adult, adults
couple, seniors couple, three adults, single-parent household and
nuclear family. The main information from each household profile
used in the building simulation software can be found in Table 5.
The results from the building simulations can be seen in Fig. 4.
The results show large differences on the heating demand of dif-
ferent households. For example, single adults’ heating demand is
one fourth of the heating demand of single seniors, while the heat-
ing demand of a single-parent household is half the demand of a
nuclear family.

4.3. Effect of socio-economical characteristics on heating
practices

The statistically defined profiles from the previous section were
based on a national sample, and thus, they might differ from the
patterns occurring in the reference building caused by the spe-
cific situation of the household. In this section we investigate
the effect of socio-economical characteristics and thermal com-

fort preferences on heating patterns. We define heating patterns
as the thermostat and radiators settings for every hour on a stan-
dard week, as well as the specific practices that the occupants
follow to either save energy or manage indoor temperatures at
home. For this analysis, we employed monitoring data from a cam-
paign carried out in the region of study (Rotterdam). In addition,
with this analysis, we seek to determine to what extent moni-
toring actual occupancy patterns in social rented housing in the
Netherlands differ from those defined statistically from a national
sample. The investigation focused on the study of households’
occupancy patterns of 1) a nuclear family with children, 2) a single-
parent household, and 3) a three-adult nuclear family.

Seven households were invited to participate. Their main socio-
economic characteristics were: partially employed or unemployed,
and living in social housing (low income). Their contact information
was obtained from a University database containing information
on possible participants for research projects. While all house-
holds were willing to participate in the project, only three were
monitored due to scheduling problems (some were leaving for the
Christmas holidays, while others were too busy at the time). Table 6
shows the main characteristics of the three monitored households
and dwellings. Detailed analysis and results from the monitoring
campaign, based on the monitoring data collection and analysis in
[30,31] are reported in [21].

For the monitoring process, a mixed methods approach was
used, which consisted in the use of quantitative data from building
monitoring, and qualitative data from interviews with the resi-
dents.

The Mixed Approach for Sustainability Labs [32] is used to inves-
tigate pragmatically, the technical and social aspects of practices
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Fig. 5. Occupancy profile for Dwelling 37 and statistical profile for three-adults-household.

in qualitative and quantitative manners [33-36]. The methods can
be integrated at different stages in the research process including
data collection, data analysis and data interpretation. Qualitative
and quantitative data can be mixed in three different ways: by con-
necting (having one data type build on the other), by merging (to
compare or relate results from both data types), or by embedding
(to explain one data type results by the other) [32]. In the building
monitoring process, the qualitative analysis is embedded within
the quantitative analysis to explain and validate the occupancy and
heating patterns derived.

For the monitoring campaign, sensors were deployed to collect
indoor climate data (temperature, relative humidity, CO2 level) as
well as contextual data such as sound, light and movement. To
collect personal information about thermal comfort, the Comfort
Dial (CD) was used [21], with which the occupants could self-
report their thermal comfort on the seven-level ASHRAE comfort
scale. The temperature of room radiators was monitored to further
investigate the use of the heating system. During interviews, the
residents were asked for a walkthrough of their homes providing
descriptions and re-enactments on the way they usually control
their indoor environment and on their daily practices related to
energy consumption. This technique is a situated and embodied

‘telling’ activity that enables users to participate in understanding
and communicating their daily practices [37].

Occupancy and heating patterns were created for the three
households. These patterns show the thermostat setting, the ther-
mostat setback setting, the radiators’ setting in different rooms, and
the presence of the residents and home. The patterns are shown in
Figs. 5-7 (top).

The results from the analysis of the self-reported thermal com-
fort votes showed that the occupants’ thermal comfort does not
always correspond to actual indoor parameters (indoor temper-
ature and relative humidity). The average comfort votes in the
houses were: 4.1(father) and 3.7(mother) for a mean tempera-
ture of 18°C in Dwelling 37; 3.3(father) and 3.3(daughter) for a
mean temperature of 21.6°C in Dwelling 38 and 4.7(father) and
4.8(mother) for a mean temperature of 18°C in Dwelling 39. A
mean vote of 4 would indicate a neutral comfort feeling; comfort
votes between 3 and 5 would indicate thermal comfort (slightly
cool to slightly warm). The results showed that the occupants in the
dwellings were on average comfortable. The contrasts is on the dif-
ference in the average temperature in Dwelling 38 (21.6°C) when
compared to Dwelling 37 and Dwelling 39 (18 °C). This indicated
that the occupants in Dwelling 38 prefer warmer temperatures.
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Fig. 6. Occupancy profile for Dwelling 38 and statistical profile for single-parent household.

A correlation between indoor temperature and thermal comfort
votes was only found in Dwelling 39 (person 1: r=0.67, p<.001;
person 2: r=0.64, p<.001). The lack of correlation in Dwelling 37
and Dwelling 38 could be partially attributed to the activity and
clothing of the occupants. In Dwelling 37 the residents reported
using extra clothing and sofa throws to keep warm.

These results highlight the importance of taking into account
actual household characteristics and behaviours on energy cal-
culations. The analysis showed that the three households have
different occupancy, heating patterns and thermal comfort pref-
erences. Nuclear households in Dwelling 37 and Dwelling 39 have
similar comfort preferences but their occupancy patterns are dif-
ferent given the differences on daily schedules. The single-parent
household Dwelling 38 showed different thermal comfort prefer-
ences than the other two households.

4.4. Average household profiles vs. monitoring profiles

The occupancy and heating profiles obtained from the moni-
toring campaigns were examined next to the household profiles

previously defined through statistic analysis of a Dutch national
sample. The comparisons are shown in Figs. 5-7.

The analysis of the three monitored households highlighted
some differences between the monitored data and the statistical
data. These differences are mostly seen in comparison between the
Single-parent household profile and the Dwelling 38. Although the
presence at home is similar, the temperature preferences are much
higher in the monitored household. Small differences were found
in the comparison between Dwelling 37 and the 3 Adults household
profile. The monitoring profile shows slightly higher temperatures
(1°C), but the radiators in kitchen and halls were only half open. The
comparison between Dwelling 39 and the Nuclear household profile
showed similarities in presence, thermostat setting (temperature
in living room) and use of radiators.

The differences observed in Dwelling 38 could have a significant
effect on energy demand. These results highlight the importance of
taking into account thermal comfort preferences in the building
simulations.
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Fig. 7. Occupancy profile for Dwelling 39 and statistical profile for nuclear household.

: 5. Co-creation research

Fig. 8. Mock up of a flat in an experiment space.

Household practices and user interaction with the building and
its systems affect energy consumption [14,38]. Balcony and win-
dow areas and mechanical ventilation were taken as two examples
to explore in adapting the building design to users’ needs, based on
earlier indications of their importance for the users’ wellbeing [19].
For example, windows provide light, social contact, noise protec-
tion etc., while mechanical ventilation provides management of air
quality, but its interfaces and functioning are sometimes incompre-
hensible to users [19]. These two building elements are explored
via enactment-based user experience research with contextualised
elements of the home design in a full-size mock-up. The research
investigates tenants’ expectation of their home life experience. The
research further seeks indications of how tenants define their home
experience, which could be formalised and facilitated in a renova-
tion process. The outcomes of this research are intended to support

JUYVW
5. ARINLET O

i

]

VENTILATION tenants in living pleasantly at home while also saving energy. The
CONTROL life quality notion of ‘pleasantly’ was adopted as a basic quality. It
RENEL served to be attentive to the participants’ experience and to analyse
the data at a deeper level than a functional user-system interaction
perspective [16]. The research was a co-creation study, specifically
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Fig. 9. Air inlet simulated with a fan hidden in a crate.
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Fig. 10. Approach to integrate user research results to design process.

a co-design study, which in this context means ‘the creativity of
designers and people, not trained in design, working together in
the design development process’ [39]. To enable participants to
take part from their own experience and perspective, the study
took the form of a role play enactments study [37,40-42]. In this
method, participants are asked to enact and explore their exist-
ing and possible practices in scenarios while being asked to ‘think
out loud’ for communication with the researchers. This technique
enables researchers to observe and react to participants’ actions
and reasoning while supporting participants in immersing in sce-

narios that are realistic for them. Life experiences should be studied
in as realistic a context as possible because product use is situated:
it unfolds in ways that people cannot fully analyse or re-tell outside
of context [43].

5.1. Mock-up and enactments

A mock-up flat was created at Delft University of Technology,
consisting of an interior space furnished as a flat and in which parts
of a new window situation and ventilation system were simulated
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(Fig. 8). Among the elements used to simulate the situation were:
a kitchen simulated with objects and paper print-outs represent-
ing appliances, a living room setting with furniture and curtains,
a shower simulated with panels and paper print-outs, a custom-
made window to be opened like a normal side hung window, a
wide windowsill, a ventilation control panel simulated on a tablet,
air inlets indicated with print-outs on the side walls and under and
behind the radiator, with air flow simulated using a fan hidden
inside a crate (Fig. 9), air outlet indicated with prints in bathroom
and kitchen, and a thermostat indicated with paper print-outs on
the wall.

The participants (Table 7) were recruited from a neighbour-
hood close to Delft University of Technology. The buildings in this
neighbourhood correspond to the reference building type (porch
apartment building, mostly social rental). The participants vol-
unteered to take part by responding to a leaflet distributed in
this neighbourhood. The eight participants shared socio-economic
characteristics with those most likely to inhabit the reference build-
ing in terms of age, family status, background, religion, likelihood
to work out of home and health condition (Table 7, see also Sec-
tion 4.1, above). All participants lived in the reference building type
(porch apartment building), except for one participant who lived in
a gallery building, all in the Netherlands. All of their homes were in
non-renovated to only moderately renovated such as with double
glazing and central heating. The participants reflected the variation
of residents of the reference building.

In each study session the participant(s) was/were invited to
experience the simulated home. Each study session consisted
roughly of three parts taking 1.5-2 h per participant: introduction,
acting out scenarios and in-depth interview. In the introduction
the participant was welcomed and after the course of the study was
explained, agreements were signed. Basic information on their cur-
rent home situation was obtained. They received an introduction
to the renovated building design, the systems and the renovation
process, and a small interview conducted to elicit the participant’s
initial reaction. The consequences of the renovation were also out-
lined, for example the energy payment system and the deeper
windowsill. The researcher then explained the ventilation system
in the role of ‘ventilation system contractor’.

In order to support the participants in the home experience-
oriented co-creation, they were provided with 16 everyday
scenarios to choose from as relevant to themselves and to enact
such as, for example, just being at home, cooking for visitor, going to
sleep, painting something in the house or smoking. The participants
were free to change and adapt the scenarios — they primarily served
to enable participants to step into the frame of mind of focusing on
their own life experience. No more information was given but the
research assistant supported participants in starting to enact them
by demonstrating it. The researcher occasionally prompted elabo-
ration with questions such as: “what would you do in this case?
“can you portray it? “can you say out loud what you're thinking?
“what do you expect to happen now? “what do you think of this?

Last, a semi-structured in-depth interview was conducted about
their opinions on a renovation process that would introduce such
new features of their apartment. It used a printed visualisation of six
general steps: Initiation, Exploration, Preliminary design, Defini-
tive design, Execution, Evaluation, but these were not discussed
in-depth and exhaustively, since most participants only had gen-
eral and global remarks on the process. Data collection took three
days over a period of three weeks, with 8 separate sessions in total
(most with one participant due to living alone, some with two). For
each session there was one participant (or two), one interviewer,
and one observer in the same room and one observer in a separate
room that had camera access, which the participants knew.

5.2. Analysis

The analysis took as a starting point Strengers’ [44] critique
that home systems and interfaces should not be designed for the
user who fits the system model, but rather be designed in view
of living practices [18] with dynamic mutual shaping of practices
among residents and their home environment ([17], based on [45]).
The data was analysed using qualitative content analysis [46]. As
unit of analysis, the home experience rather than specific practices
was adopted. Key concepts of self-determination theory (auton-
omy, relatedness, competence [47]) and meaning of home (privacy,
safety, control, intimacy etc. [48]) served as starting points for a
theme analysis of life qualities around a core theme we estab-
lished: expectation of pleasant living at home (in view of potential
change). The data was first condensed by creating a database of
salient statements and observations from the video recordings and
assigning codes to the statements, in order to prevent inadver-
tently excluding data. This was followed by an abstraction stage in
which three researchers repeatedly engaged with the data, creating
various theme categorisations.

5.3. Co-creation enactment research results

Afullreport of the results is outside the scope of this paper, since
the paper presents and discusses the integration of the approaches
and results rather than each one in itself. This paper only sum-
marises results, in so far as they aid the paper’s aim. The results
are presented according to the requirements for renovation process
and renovation outcomes. These themes resulted from the analysis:

5.3.1. Grip on the future

Expected experience: Residents want to get an idea of what the
renovation will be like. They want to be able to estimate what the
consequences are so that they can make a well-considered choice.

Renovation process: The participants did not find it easy to trust
such a project and would like to see examples. Recommendations
are to create a set of trustworthy stakeholders, invite participation
early and differentiate between tenants’ situations.

5.3.2. Fairness, free from worries and threats

Expected experience: Regarding fairness, tenants already living
frugally felt they should equally benefit, not just currently high
energy users. Participants also feared unwelcome surprises after
the renovation: participants wanted to be assured of fresh air but
also able to close it off to avert danger (block dangerous air, prevent
theft). They did not trust new ventilations systems to be able to do
this.

Renovation process: The participants of this research were all
adamant that a renovation should not cost them money in the form
ofarentincrease, and wanted assurances on paper about this. How-
ever, in a previous case study of a longer term participation process
it was found that upon transparent, clear negotiation, a moderate
rise in cost was acceptable and is probably most often possible.
There should also be minimum disruption during building process,
preferably without relocation.

5.3.3. Homes should reflect ideals

Expected experience: The home is a very personal and private
environment, as some of the participants emphasised. Privacy
indoors should be guaranteed (windows), while being able to seek
social contact outside. For some senior participants it was impor-
tant that no window beams obstruct the view of the street when
they sat by the window. They also wanted to not be conspicuously
visible. It is key that a renovated home facilitates treasured low
involvement habits, which should not conflict with sustainability.
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The residents’ sense of familiarity with their home should be
facilitated and supported, especially when it comes to spatial qual-
ities they now value, like a spot at a window from which to gaze
outside. Preserving this lightens the burden of adjusting to a reno-
vated situation.

Renovation process: Several participants view a sustainable
renovation as an important chance to realise idealistic goals. Partic-
ipants want to be able to feel like they can influence their personal
environment and life as autonomously as possible.

Because sustainable renovation meshes in various ways with
participants’ own ideals and values, it should be addressed early in
arenovation process, not as ideology but connected to actual living
practices. It is also key to design and test a usable, transparent and
fair cost structure.

5.3.4. Support of activities & lifestyle

The home supports a great portion of people’s everyday life. Peo-
ple have different lifestyles between homes but also within homes.

Expected experience: The home should support activities for the
specific household. It should cater for differences in climate needs
within the home, and also within different rooms and time of the
day and night. Participants also do not distinguish clearly between
ventilation and heating system and expect them to work together.

There should be sufficient air extraction from kitchen and bath-
room, with low noise emission. Participants express the need
to experience and be able to regulate daylight. Participants are
adamant that rooms should not get smaller, except if an activity
can be fulfilled in another way. Especially for older people, exterior
or semi-exterior space is important.

Renovation process: It requires negotiation and a good process of
matching personal preferences to spaces. Added spaces, e.g. a new
deeper windowsill, could make up for other changes. As seen in the
previous theme, provisions for lifestyle preferences are key, such
as the possibility of hanging up curtains.

5.3.5. Support control over health and comfort

Expected experience: Perceived temperature is an important
indicator for comfort for participants. A constant, determinable
temperature is an important plus in a renovation, warm in winter
and cool in summer. In addition, participants make a connection
between ventilation and temperature control and expect them to
work together. Seniors need higher temperatures, and handle large
temperature differences less well.

Renovation process: Participants prefer minimized influence
from neighbours (smell, noise, temperature), and no sharing of sys-
tems if possible. This will not always be possible in a renovation,
so expectations should be managed carefully and transparently.
Achievable effects should be emphasized, for example that new
systems present no added effort and support existing habits. Habits
and possible changes should be addressed non-prescriptively but
through design and co-creation in relation to comfort and health. A
desirable effect to emphasize (and guarantee)is that the renovation
contributes to an optimally healthy indoor climate and can even
reduce health issues, which is what some participants hoped. Some
(e.g. some older participants) thought ahead to potential future
health issues more than others.

5.3.6. Support control over and ease with home systems

Participants want to be in control and have influence on the
indoor climate.

Expected experience: In the light of previous literature (see start
of Section 5), an obvious recommendation is: integrate system
design with household practices. For example, support use of own
senses to assess ventilation. Participants also had routines and rea-
sons for opening of windows, for example when cleaning with

strong detergents. Apart from this, they trusted vents to be suf-
ficient.

Renovation process: Current ventilation interfaces, including the
one investigated, are not as direct and easy to use as the ones the
reference residents know. This is because the new systems tend to
hide functionalities from users and confine operation into boxes
with buttons or screens.

6. From user research to design process

The objective of the user research is to increase the accept-
ability of renovation projects and reduce uncertainties related to
occupants’ behaviour. In this section, we focus on the feedback of
the results of the investigations to the design process. The main
question was: how to translate the user research into information
valuable for the design team?

During the design process of the renovation solution presented
in this paper, a number of questions raised by the design team.
These were:

1) What s the effect of different household typologies on the sizing
of PV panels?

2) What could be the effect of the occupants on the payback periods
of the renovation and building technology?

3) What is the uncertainty created by the type of occupancy?

4) How to test the design decisions that could potentially affect the
acceptability of the renovation (for example the solutions for the
balcony and windows)?

5) How to test the design decisions that could potentially affect
the energy performance of the building (systems’ control, ven-
tilation system)?

Fig. 10 shows the approach used to integrate the results from the
user research presented in this paper into the conceptual design
process (e.g. before the detailed design). As a first step, the ref-
erence building was defined [A] based on the intentions of the
renovation, the market needs (housing associations portfolio) and
relevant policies and regulations such as the zero-on-the-meter
concept (NOM) and the Energy Performance Compensation (EPV)
[49].

As a second step of the design process, technologies and design
solutions were selected based on technical constrains of the refer-
ence building and costs that could be covered by the investment of
housing associations in their portfolio [B]. In addition, in order to
size the installations (heating system, energy generating technolo-
gies) and determine the financial feasibility of the solutions, the
design team needed to know the energy demand of the renovated
solution, as well as the effect that different household typologies
could have on the energy performance. Therefore, energy demand
was calculated based on energy simulations for the seven different
Dutch household profiles statistically defined [C]. The results from
the simulations were used to roughly calculate the number of PVs
panels required to meet the demand, and to calculate the payback
periods of the renovation costs [D].

In the third step of the design process, a number of questions
were raised by the design team regarding the users’ acceptabil-
ity of the design solutions from the previous phase. In order to
answer these questions, the reference households were defined [E].
The characteristics of the reference households served to define
the socio-economical characteristics of the prospective residents.
These socio-economical characteristics were used to select the case
studies. Two types of studies were carried out in parallel during
this phase: 1) monitoring of three households living in rental-
social dwellings, and 2) mock-up ventilation and window study
with young, elderly and minority households. The monitoring study
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was carried out to investigate the influence of the socio-economical
characteristics and thermal comfort preferences of the household
in the performance of the building [F]. The mock-up balcony study
was carried out to test a specific design solution estimated to be a
sensitive issue for user acceptance of the renovation process [G].
The mock-up ventilation study was carried out to test a specific
solution deemed important because of its influence on energy con-
sumption and due to the high impact that the user has on it [H].
The mock-up ventilation and window study was carried out to
elicit occupants’ expected home experience in relation to solutions
deemed important because of their influence on energy consump-
tion and due to the high impact that the user has on it and vice
versa, to test this solution and to co-create design choices [G, H].
User requirements and user-specific energy demand were defined
based on the user investigations. A number of design iterations
was carried out taking into account the feedback provided by these
investigations [I].

As a final step of the process, a final solution was selected, and
new energy demand calculations and payback periods specific for
a renovation case study were carried out [J].

7. Discussion and conclusions

The investigations reported in this paper highlight the effect of
different household types on energy consumption and occupants’
requirements. Three types of investigations were presented in this
paper: statistical analysis of a national Dutch household survey,
monitoring data of three case studies in the Netherlands, and enact-
ment research with mock-ups of parts of the renovation design.
The statistical analysis aimed at investigating trends on energy
consumption and occupants’ behaviour, thus these results can be
generalised to the Dutch population. The analysis of the monitoring
data of the three case studies and the enactment research, aimed
to investigate in more depth the relationship between household
typology and occupants’ behaviour, as well as user requirements.
These results, especially the results of the monitoring campaign
(e.g.thermal comfort preferences) are tied to the specific monitored
cases and should not be generalised to the population. However,
the approach developed in this study can be applied to renovation
processes in any other country. Furthermore, the results provide
insight into reasons that a set of users have for their response to
systems and changes, and these reasons can inform the reasoning
and understanding in this and other design projects.

This research showed that:

e different households have statistically different energy consump-
tion, even when corrected for building type (reference building);
there are significant differences between the energy consump-
tion of average Dutch households and Dutch households living in
the reference buildings;

the lower than expected energy consumption of the occupants of
the reference building could challenge the return of investments
during the life-time of the buildings;

occupants of a specific type of building (the reference building)
have different socio-economic characteristics than the national
average;

similar household types might have different behavioural pat-
terns based on their specific situation, attitudes and thermal
comfort preferences;

the differences in lifestyle, attitudes and preferences depend not
only on household typology but also on socio-economic charac-
teristics;

the acceptability research led to recommendations for the reno-
vation process;

e the four elements of the renovation strategy (technological
design, business model, monitoring and acceptability) lead to a
final design concept for the building, and

e trust and variation in preferences are likely to affect resident
willingness to agree to renovation and to engage in low energy
consumption, which is an idealistic goal for many of them.

These results highlight the importance of taking into account
household typology and socio-economic characteristics in energy
calculations or building simulations as well as user requirements
in the design and renovation process.

This research also highlighted the differences between occu-
pancy profiles from monitoring data, statistically defined house-
hold profiles and requirements elicitation. In order to determine the
most effective method to define occupancy, it is important to con-
sider the aim of the evaluation. Monitored occupancy profiles can
provide detail information on the occupant behaviour of specific
households (i.e. the prospect tenant of the building to be reno-
vated). However, the behaviour will be highly determined by the
building characteristics. In renovation projects when it is expected
that the building properties improve, the behaviour of the occu-
pants will certainly change. Thus, in some instances, the use of
statistically defined heating patterns might be more appropriate.
The enactment study did not result in profiles corresponding to
the occupancy profiles, even though two groups were specifically
investigated: seniors and households with foreign background. For
example, user requirements for safety and control were shared
across participants with different socio-economic profiles. Quan-
titative and qualitative research methods are therefore equally
necessary in occupancy research, and their integration can help to
determine the occupant preferences and requirements in building
renovation projects.

An important objective of the research was to establish how
to preserve the possibility for participation and openness within
a streamlined financial and technical process, which is necessary
for the manufacturing and installation of the pre-fabricated facade
elements. The research show that all participants, regardless of
their characteristics (household profiles) had concerns and needs —
although these varied in themselves — in relation to fairness, free-
dom from worries and threats, support of activities and lifestyle,
support of control over health and comfort, and support of control
over home systems. On the other hand, differences on requirements
were seen between the senior participants and the younger par-
ticipants regarding the balcony, type of windows and windowsill
solutions. These results indicate the type of building elements
that could be up for discussion with the residents in a renovation
process. The full range of possibilities for the tenants within tech-
nical and financial constrains within each project should be further
investigated.

The co-creation enactment research added insights into phe-
nomena established through the monitoring campaign that shape
further steps. Rather than being blamed when energy savings are
not achieved, the residents will be disappointed about the process
and results, which would be a long-term risk for the acceptability
of this type of projects. The co-creation enactment research also
showed that people hate to be forced into habit change if they feel
it is being pushed onto them. This implies that a participation pro-
cess should present the implications for habits transparently and
openly for co-shaping by participants. This insight provides ways
forward for renovation process concepts [15].

The user research presented in this paper unites the possibili-
ties of integrating qualitative and quantitative data collection and
analysis around building renovation projects. The participation of
the tenants could enable residents to find their own motivation for
the renovation and to be open to the new experiences it brings, in
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a way that also provides design teams and investors with realistic
expectations for energy use post-renovation.

We would like to thank to the 2ndSkin team and to the case-
study households for participating in this study. The 2ndSkin
project has been financed by the Building Technology Accelera-
tor/ClimateKic.
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