Model Home 2020 experiment opens
new perspectives on home automation
— Where technology serves humans
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Buildings can achieve excellent energy
performance and still provide an excellent
indoor comfort to their residents - as long
as their operation is automatically controlled.
This was one of the key lessons learned in
Model Home 2020 experiment by VELUX. The
socio-psychological monitoring of the houses
also showed that the test families considered
the automation very helpful in their everyday
routines, and that they quickly adapted to the
operation of the technical systems.
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Introduction

During2009-2011,a demonstration project programme
of five model homes were built in Denmark (Home
for Life, HFL, 2009), Austria (Sunlighthouse, SLH,
2010), Germany (LichtAktiv Haus, LAH, 2010),
France (Maison Air et Lumiére, MAL, 2011) and
United Kingdom (CarbonLight Homes, CLH, 2011).
All houses are designed following the Active House
principles [1] with the three main elements: Comforrt,
Energy and Environment. The houses have been occu-
pied by test families in periods of one year or longer
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and have been tested and monitored in use, under post
occupancy evaluation schemes by national research
teams of engineers and / or scientists [2].

Use of natural ventilation for summer comfort is based
on ventilative cooling principles, referring to the use of
natural or mechanical ventilation strategies to cool indoor
spaces. This effective use of outside air reduces the energy
consumption of cooling systems while maintaining good
thermal comfort [3]. To ensure fresh air supply, the houses
use natural ventilation in the warm part of the year and
uses mechanical ventilation with heat recovery during
cold periods. The exception is LichtAktiv Haus, which
is a renovation project, using natural ventilation all year.
There is external automatic solar shading on windows
towards south and in most cases also towards east and
west. Overhangs are used where appropriate. The building
occupants can override the automatic controls, including
ventilation and solar shading at any time.

Physical Measurements

Measurements of Indoor Environmental Quality (IEQ)
include light, thermal conditions, indoor air quality,
occupant presence and all occupant interactions with the
building installations, including all operations of windows
and solar shading. The recorded temperature data is evalu-
ated according to the Active House specification, which is
based on the adaptive approach of EN 15251.

Post Occupancy Evaluation Survey

As part of the evaluation, a Post Occupancy Evaluation
(POE) survey is carried out seasonally during the test year
allowing capturing and exploring variation on a seasonal
basis with approximately three months in-between.

It is a set of questions relating statements about satis-
faction/dissatisfaction with energy consumption and
production, indoor climate and air quality, daylight
and electric lighting, house automation, and sustain-
ability. Each family in four of the houses responded to
the questionnaire four times during a year (at 3-month
intervals) with two additional responses from CLH.



Results

Generally, in the Post Occupancy Evaluation survey

the indoor climate is rated as “very important” and the

residents state most of the time that it is “good” or “very
» 0, « » <« »

good” (>90% state “good” or “very good”).

Improved sleep, reduced number of
sick days and emphasis of view out

The POE survey found that the families experience
that their sleep quality compared to their former home
is “better” (50%) or “almost the same” (39%), and
when rating their children’s sleep quality, the tendency
is a bit higher (“better” 56%; “almost the same” 44%).
Furthermore, they have a significant experience that
they have “less” sick days (83%) than in their former
home, and they state their general health all in all is
“good” or “very good”. View to the outside through
the window is rated as “very important” (44%) or as
“quite important” (50%). Between 72% and 83% of
the residents reported that they were “satisfied” or “very
satisfied” with the view in the house in general.

High daylight levels without
overheating

All of the houses were designed for good daylight
conditions, expressed by a target average daylight factor
of 5% or higher in the main rooms. This was gener-
ally achieved, with only insignificant deviations. In the
POE survey, the daylight levels in the houses is rated
either as “much higher” (88%) or as “higher” (12%)
than their former home. The families report that the
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daylight level is generally “appropriate” (>75%) in the
kitchen, the living room, and the bedroom. Between
89% and 100% of the residents reported that they were
“satisfied” or “very satisfied” with the daylight in the
house in general. They also state the windows is “about

right” for all the rooms (>89%).

Good daylight conditions come with the potential
risk of overheating, as plenty of sunlight also provides
plenty of solar gains, which can lead to overheating
in summer and intermediate seasons. The results from
all houses show that overheating has been prevented.
That is demonstrated by the fact that the buildings
achieve category 1 according to the Active House
specification for thermal comfort during summer (in
less than 5% of the hours of the year the temperature
is above category 1). See example of temperatures in

Figure 1 from Sunlighthouse.

This is well in line with the POE survey, as the residents
in all houses are either “very satisfied” or “satisfied” with
the temperature conditions in general (90%). Most of the
time, the temperature conditions is assessed as about right,
but separated into the different season of the year, the
winter and the spring/autumn is stated as time of the year
when temperature is sometimes evaluated as varying, while
few state temperatures as too hot, even in the summer.

Only limited research has been identified on the rela-
tion between temperature and sleep quality, but what is
known is that the temperature in bedrooms during the
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Figure 1. Thermal comfort of Sunlighthouse for each of the rooms evaluated according to Active House specification
(based on adaptive method of EN 15251). Criteria are differentiated between high and low temperatures.
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night should not be 20 high, to prevent reduction of sleep
quality [4]. In lack of a better threshold, category 1 is
used as indicator of acceptable temperature for sleeping,
and the bedrooms meet this criteria, which means that
overheating was prevented particularly in the bedrooms.

Electric light is not used between
sunrise and sunset

The families state in the POE survey that they turn the
electric light on “less often” (100%) than in their former
home, and they evaluate the light levels as “appropriate”
(>72%) in the focus rooms.

The measurements support this and show that electric
light is generally not used between sunrise and sunset.
This is the case not only during summer, but also during
the darker winter months. This can be expressed by the
term daylight autonomy [5]: Rooms can be expected
to be daylight autonomous when the average daylight
factor in a room is above 5%. The results support this.

Ventilative cooling by natural
ventilation prevents overheating.
Night cooling is important.

A particular element of the present study is that the
actual position of windows and solar shading has
been included in the data recording, which provides
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detailed insights on the role of these components. The
use of window openings follows the seasons; during
spring and autumn windows are used on most days
for approx. 50% of the time during daytime. During
summer, windows are used more systematically during
daytime hours, and also during the night. There is a
correlation between use of windows and hours without
overheating. This is an indication that window open-
ings have played an important role in maintaining good
thermal comfort. See Figure 2.

Open windows during the night (night cooling) cools
down the rooms from a temperature at the upper range
of the comfort range to a temperature at the lower end
of the comfort range, e.g. from 26°C in the evening
to 20°C in the morning. The temperature can then
rise during the day, in many cases without becoming
uncomfortably hot at the end of the day.

The results are supported by tracer gas measurements
which were used to investigate the airflow generated by
ventilative cooling, and how large a temperature reduc-
tion ventilative cooling provided. The results showed
that airflow rates of 10-20 air changes per hour could
be achieved, and that the indoor temperature could be
maintained 5°C lower than if ventilative cooling had

not been applied [6].
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Figure 2. Thermal comfort of the kitchen living room in LichtAktiv Haus, similarly as on Figure 2. On this figure,
categories 1 and 2 are bundled, as well as categories 3 and 4. The position of windows is added (open or closed). The
result is an illustration of when windows were open, and the relation to the thermal comfort at the same time. The
light green squares represent hours when windows were open and good thermal comfort occurred; this happened
during daytime in spring and autumn, and during the night in summer.
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Solar shading helps prevent
overheating

The position of solar shading was recorded just as the
position of windows. Awning blinds were the preferred
type of external shading used on the houses, and the
results show that the awning blinds had a role in
providing good thermal comfort. The awning blinds
were used the most during the summer, but also during
spring and autumn. There is a correlation between use
of awning blinds and hours without overheating.

Automation important

Automated control of window openings, solar shading
and mechanical ventilation was used in all the investi-
gated buildings. The results show that solar shading and
window openings are used frequently during work-hours
on weekdays and during the night, e.g. at times when
the families cannot be expected to be able to operate the
products themselves. The same use of products could
not have been achieved with only manual products.

The families respond in the POE survey that they are
generally “very satisfied” or “satisfied” (>85%) with
the way the house system operates the facade and roof
windows, the indoor temperature, internal and external
screen, and ventilation system (one house is natural
ventilated). They have a clear feeling that the way the
control unit operates the house support their needs,
and is either “easy” or “very easy” to use. It further
shows that they “rarely” or “occasionally” use the

control system to manually operate the facade and roof
windows, internal temperature, but more frequently
use the control system to operate the screening.

Satisfying CO,-levels during summer

The CO, levels are low during the spring, summer and
autumn seasons, typically below 900 ppm. Natural
ventilation is used in this period as the only mean of
ventilation, and the results clearly shows that with limited
temperature difference to drive the stack effect, it is still
possible to reach a reasonable level. During summer there
is no electricity consumption for mechanical ventilation
and no heat loss, so high ventilation rates and excel-
lent indoor air quality can be achieved without any use
of energy. It is also shown that openable windows were
generally able to reduce or maintain low CO, levels in
all the Model homes 2020.

The most challenging rooms are the bedrooms, as these
are small rooms where approximately eight hours are
spent each night, often two persons together in the
same room. This is longer time than we spend in any
other room in the home. Still, the CO,-levels are main-
tained at a reasonable level in the bedrooms. Figure 3
is an example of the CO,-level in a bedroom in Maison
Air et Lumiere.

The POE survey indicates that the perceived indoor
air quality is good as it is rated as “very acceptable”
(78%) or “acceptable” (22%), and the families state that
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Figure 3. Bedroom in Maison Air et Lumiére. Monthly distribution of night time hours in each of five categories for
CO;, level, based on Active House specification. The CO,-level is lower during the summer than in winter.
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they have not experienced any problems at all. If they
want to improve the air quality, they open the facade
and roof windows, and make airings. In most of the
houses there is hybrid ventilation, so that mechanical
ventilation with heat recovery is used during the winter
to save energy. The mechanical ventilation systems are
designed and commissioned to provide the ventilation
rates required by the building codes, and they fulfil
this requirement flawlessly. However, when the winter
CO,-levels are evaluated according to the Active House
specification, particularly bedrooms only achieve a
score of 2 or 3.

Conclusions

The five houses have good daylight conditions (DF >
5% in main rooms), and the results show that electric
light under these conditions was not used between
sunrise and sunset. The measurements show that good
daylight conditions can be obtained without causing
overheating, when solar shading and window open-
ings are included in the building design and controlled
automatically. Night cooling is a particular important
aspect. It was found that high ventilation rates can be
achieved also during summer with limited temperature
difference available as driving force.

The use of ventilative cooling during summer also meant
that the ventilation rates were high in this period, and
as a consequence the measured CO,-levels were low.
The POE survey indicated that the families show high
satisfaction with the indoor environment, that their
expectations often are fulfilled, and that house automa-
tion is acceptable. Furthermore, combining excellent

indoor environment with high quality homes, give clear
indication that the residents experience better health
and better sleep quality, as well as having less sick days
than when living in their former homes. B
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New REH VAT Guidebooks

Active and Passive Beam Application Design Guide

Active and
Passive Beam
Application
Design Guide

For Global Application

The Active and Passive Beam Application Design Guide is the result of collaboration by
worldwide experts to give system designers a current, authoritative guide on
successfully applying active and passive beam technology. Active and Passive Beam
Application Design Guide provide energy-efficient methods of cooling, heating, and
ventilating indoor areas, especially spaces that require individual zone control and
where internal moisture loads are moderate.

The systems are simple to operate, with low maintenance requirements. This book is an
essential resource for consulting engineers, architects, owners, and contractors who are
involved in the design, operation, and installation of these systems. Building on
REHVA'’s Chilled Beam Application Guidebook, this new guide provides up-to-date tools
and advice for designing, commissioning, and operating chilled-beam systems to
achieve a determined indoor climate, and includes examples of active and passive

beam calculations and selections. Dual units (Sl and I-P) are provided throughout.
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