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Introduction

The project ENERBUILD stands for Energy Effi-
ciency and Renewable Energies in the Building
Sector in the Alpine Space. It deals with critical
points in the dissemination of know-how on
energy-efficient and energy-producing buil-
dings. Key factors identified by the transnati-
onal consortium relate to vocational training,
to additional research on user behavior, to role
models in public construction, to financing of
energy-producing plants on buildings and to the
placement of sample planning processes around
energy-efficient building.

This brochure deals with the critical attitude of
builders towards the passive house. The aim is
to address the arguments to analyze them and
to comprehend them technical. The scientifically
designed brochure provides detailed informa-
tion on the arguments and is suitable for civil
engineering education, as well as for general
knowledge. This project part was substantially
prepared by five institutes and coordinated by
TIS-Techno Innovation South Tyrol. In the con-
viction that prejudice to the future-oriented buil-
ding standards can be degraded with this base
material we from the coordination office thank
all involved project partners for the sound pro-
cessing.

Regional Development Vorarlberg
Franz Ruf

The NENA network is an association of organi-
zations involved in the project. The network pro-
vides experts in connection with the demand for
talks, lectures and individual consultations. For
more information: http://www.nena-network.eu
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Note on further results of ENERBUILD
Education

« Overview of education programs and voca-
tional trainings for energy saving and produ-
cing buildings in the Alpine Space

Examination

o Summarizing survey on existing buildings
on healthy living with new and advanced
construction technology

« Killer arguments and opportunities for energy-
efficient construction and the passive house

« User habits, impact on energy consumption
in passive houses - results of a comprehensive
long-term measurement

Efficiency

o Certification of energy-efficient public buil-
dings Summary of instruments in the Alpine
Space

« Transnational comparison of instruments ac-
cording to ecological evaluation of public
buildings

« ENERBUILD Tool: Transnational Pilot Testing

on 46 Buildings and Experiences on Advisory
Services

E-Producing

« Synthesis on producing energy on buildings
in the Alpine Space

o Green Electricity? - Yes, please! 100% local
Green Electricity in combination with private
funding for the development of power plants
on buildings using the example of Vorarlberg

o Eco Power Stock Exchange — In-depth infor-
mation for monitoring offices

Innovation

« The Alpine World of Innovation - A collection
of innovative examples in planning processes,
pilot initiatives and stimulation of innovation

ENERBUILD: Final Result 5.3
Killer arguments and opportunities



ENERBUILD: Final Result 5.3
Killer arguments and opportunities

Table of Contents

4 Killer arguments and opportunities

6 1. Ventilation
Editor: Province of Trento

16 2. Heating and cooling
Editor: FH- Rosenheim

18 3. Economic aspects
Editor: TIS

26 4. Architecture and aesthetics
Editor: HSLU

31 5. Sad/ unattractive name
Editor: HSLU

34 6. Daylighting
Editor: EURAC

Page 3 of 39

Editor:

TIS Techno Innovation
Sudtirol Alto Adige
K.A.G./S.C.p,A.
Siemens-Strasse 19
39100 Bozen

T +39 0471 56 81 44
www.tis.bz.it

Design:

Peter Steurer
Regionalentwicklung
Vorarlberg

Hof 19

6861 Alberschwende
T. +43 5579 7171
www.leader-vlbg.at

Published:

March 2011

Project ENERBUILD
Result 5.3

Alpine Space Programme

www.alpine-space.eu



Editorial

Even today in 2011 citizens living in passive
houses are is still only a minority in relation to
the total population. Although the awareness
level of the passive house technology has incre-
ased enormously in recent years, there is a cer-
tain scepticism fuelled by rumours. As in many
other areas of life, man treats the unknown with
reserve. Criticism on new things has often many
backgrounds. In the case of the passive house it
somehow serves as a justification for those who
have just built a house the usual way, for others it
is the suspicion of new developments and, for a
third group, the criticism of the passive house is
meant to paper over their own ignorance.

Currently this can be experienced especially in
discussions with architects and building pro-
fessionals. Every criticism basically has its ju-
stification. The effort of information on further
developments and improvements has caused it,
at least it has secured knowledge.

Scientists have teamed up in the area of ener-
gy-efficient building and healthy living and sy-
stematically worked up the points of criticism.
These scientific findings have been collected
and analyzed in depth. The cross-border coope-
ration between the scientists of the ENERBUILD
project showed some amazing results. By an in-
depth analysis the problem area was more clear-

Summary

The report analyze some presumed problems of
passive house concept finding killer arguments
(in other word final arguments, facts, solutions
proving the actual possibility to realize effective
building) and/or opportunities (for enterprises
and research centre) will be provided for each
problem considered.

The above problems were faced considering
both technical-scientific literature and case stu-
dies, in order to deepen both theoretical and
practical aspects. The opportunities (of business
for SME) are mainly based on promising techno-
logies and questions still open.

The following issues were treated: ventilation
&airtightness, heating&cooling, economics, ar-
chitecture, daylighting and the name unattrac-
tiveness.

High performance buildings are airtight buil-
dings, not only for purely performance reasons
but also in order to satisfy other building phy-
sics requirements: air infiltration inside structures
must be avoided to prevent condensation. The
(questionable) trend toward smaller housings
(and, hence more concentrated vapor releases)
together with air-tightness is making ventilation
a critical issues. Ventilation issue can be handled
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ly defined and possible causes for criticism were
pointed out. These are important statements for
producers, engineers and construction mana-
gers.

Additionally, it is plausibly explained to the rea-
der how the point of criticism might probably
have come up and why it has become irrelevant
in connection with the passive house and the
state-of-art . The present study addresses both
producers and raisers of passive houses as well
as citizens who are involved in the issue, becau-
se they may intend to build a new home. So to
everybody involved in constructing buildings we
recommend dealing with the points of criticism
and to let the arguments sink in. As the coordi-
nator of the project ENERBUILD | would like to
thank all active scientists who were committed
to clarifying the points of criticism and to under-
cut the killer arguments. | would also especially
like to mention the project partner TIS that su-
pervised the coordination of scientific work, as
well as EURAC, which summarized the content
work and structural processing of the scientific
contributions and finally all project partners that
joined the elaboration. All in all, | am convinced
that this study contributes to a high confidence
in decision-making and so supports the dissemi-
nation of energy-efficient building.

through a careful design that uses an integrated
approach. The design process must continue
through a good commissioning and an accurate
maintenance (both ordinary and extraordinary).
Many opportunities still remains for SMEs that
would like to optimize the present systems, also
dealing with control and overall house mana-
ging.

Passive Houses are buildings which assure a
comfortable indoor climate in summer and in
winter without needing a conventional heat dis-
tribution system. To permit this, it is essential that
the building’s heating load does not exceed 10
W/m?. The small space heat requirement can be
met by heating the supply air in the ventilation
system. The standard has been named , Passive
House” because the ‘passive’ use of incidental
heat gains — delivered externally by solar irradi-
ation through the windows and provided inter-
nally by the heat emissions of appliances and
occupants — is essentially enough to keep the
building at comfortable indoor temperatures
throughout the heating period. Finally, to keep
the desired indoor comfort conditions, when a
good architecture was developed it is enough a
good control of the heating (and/or cooling) sy-
stem through appropriate measurements giving
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the needed input to be elaborate to launch ac-
tions that allow to adjust the systems setting to
face internal and external loads.

Although currently, energy saving in the building
sector is the most diffuse sustainability issue,
this subject is not well known and accompanied
by a skeptical approach. Often the interest and
sensibility for these arguments is rejected due
to the economic aspects, where an investment
appears too high and payback period too long.
The carried out analysis process the measure of
the economic life of this investment in terms of
its payback period is 11 years. It means that the
capital return per year from the start of the pro-
ject until the 11 years of accumulated cash flow is
equal to the cost of the investment. After that in
19 years it will be possible to have a profit equal
to an initial capital.

Is it more attractive to buy the apartment in en-
ergy performance A or B? Considering that the
lifetime of a building is equal to 50 years and
reasonable payback time for this type of invest-
ment is 25 years, the choice of a real estate in
ClimateHouse standard A rather than Climate
House standard B is profitable.

In discussions about Passive Houses, often an
image of a high-tech house, with no heating
and very little freedom to design, comes into
mind. Since a Passive House is meant to achie-
ve certain goals by following certain rules, this
seems to also become the main direction for the
design, its architecture and aesthetics. The ae-
sthetics of a passive house depends a lot from
the technological solutions used to save ener-

Objective

Main goal of this report is to scientifically analyze
some presumed problems of passive house con-
cept, in terms of its ,Not effectiveness”. Killer
arguments (in other word final arguments, facts,
solutions proving the actual possibility to rea-
lize effective building) and/or opportunities (for
enterprises and research entities) will be provi-
ded for each problem considered.

Several issues were analysed:
Ventilation

Heating and Cooling
Economic aspects
Architecture and aesthetics

Air tightness

ok wbd-

Daylighting
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gy, such as iper-insulation, size and position of
windows, composition, kind of roof, etc., but, as
many publications show, the variety of Passive
Houses designs is great. It is up to planners,
architects and advisors to find the best balan-
ce among architectural solutions (building aes-
thetics, functionality, composition) and energy
efficiency. There is the big opportunity to pro-
mote Integrated Design Process with two main
needed professional skills: IDP facilitation (ma-
naging the process, from concept to continuo-
us commissioning), dynamic energy simulation
(quantitatively supporting the process).

As Passive Houses often rely on passive so-
lar gains through their windows to reduce the
heating demand, in general, they should be
equipped with accordant glazing that also pro-
vides good day lighting. If the window surfaces
are large, they can collect solar gains well, but
the same instance could also result in seasonal
overheating. Therefore, a thoughtfully designed
shading system in connection with precise appli-
cation of matching glazing qualities could pro-
vide adequate heat protection, while keeping
energy inside. Designers can use architectural
(building shape, windows size, interior wall, etc.)
and building (plaster painting) choices to better
transport the light inside the building. Right ba-
lance among window surfaces, reveal finishing,
Ug, g-value and Tv allow to achieve good illu-
mination level while keeping very high insulati-
on level. SMEs can find business opportunities
developing cost-effective solar tube: collector,
funnel, emission point that reduce space need
on the roof and for light distribution.

For the success of this study all the Partners
involved gave a great Contribution. They are:

1. EURAC - ltaly

2. VLBG - Austria

3. FH-Rosenheim - Germany
4

Lucerne University of Applied Sciences and
Arts (HSLU) - Switzerland

5. Tis Techno Innovation South Tyrol - Italy

At the end a special thanks to Helmuth Krapmeir
a pioneer of Killer arguments in Passive house.
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1. Ventilation

Editor: Province of Trento

1.1 General framework

High energy performance and high comfort buil-
dings are today airtight and mechanical ventila-
ted buildings.

Air tightness and mechanical ventilation are de-
eply linked: an airtight space needs as much as
possible a controlled ventilation strategy in or-
der to guarantee the minimum air change rate
(comfort) and trying to reduce the ventilation
energy losses. Mechanical ventilation systems
(nowadays normally always with integrated heat
recovery systems) are therefore the best techno-
logy in order to achieve this optimum conditions
of the ventilation operation, thanks to:

o Air fluxes control in term of air temperatures,
humidity and speed, air spatial distributions,

o Heat recovery system, that allows, in winter,
the exchange between the warm air subc-
tracted to the heated room and the incoming
fresh air from the external environment.

On the contrary, in the building energy balance
the electrical consumption of the mechanical
ventilation machine has to be accounted. Fur-
thermore, unexpected conditions of operation
can lead to discomfort conditions and higher
heating demand caused by the lack of flexible
ventilation strategies.

Airtight buildings with mechanical ventilation
systems are at present the reference for high
standard building not only for purely energy
performance reasons (reduction of the ventilati-
on heat losses thanks to reduction of infiltration,
controlled air fluxes and the heat recovery sy-
stem) but also in order to satisfy other building
physics requirements for better comfort and
trying to avoid structures damages. For examp-
le, condensation problems are full documented
and are deeply related with air change and humi-
dity balance issue.

Therefore, the (questionable) trend toward smal-
ler housings (and, hence more concentrated
vapor releases) together with air-tightness is ma-
king ventilation a critical issues.

A class B rating can usually be obtained with
natural ventilation (in practice exhaust fans in
the kitchen and bathrooms and regular window
opening).

Better ratings (class A and higher) require me-
chanical ventilation.

The correct ventilation rate is still an open que-
stion (according to Std. EN 15251 a value in the
range 0,5-0,7 ach should be used for a residence
with a 2,5 m high ceiling)
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Fig. 1 Energy need vs air change rate and degree

days reported in the graph legend

The ,Passivhaus” concept suggests much lower
values (around 0,3 ach), also in order to avoid the
potential need for humidification in the German
winter climate.

The effectiveness of a system, in general, can
be defined as the ability of a system to have or
cause a certain (desired) effect. The desired ef-
fect, or main objective, of a residential mecha-
nical ventilation system is to remove airborne
contaminants and supply clean fresh air to those
parts of a room where it is needed (Sandberg,
1981; Sandberg and Sjéberg, 1983). Ventilation
effectiveness can therefore be defined as the
ventilation system’s ability to remove airborne
contaminants and supply fresh air to those parts
of a room or dwelling where it is needed; i.e. in
such a way that a good indoor air quality is cre-
ated and maintained efficiently (Van der Pluijm,
2010).

The Passive House standard offers a cost-effi-
cient way of minimizing the energy demand of
new buildings in accordance with the global
principle of sustainability, while at the same time
improving the comfort experienced by building
occupants (Schnieders, 2003).

If the PassivHaus core objectives are energy sa-
ving and comfort, the mechanical ventilation sy-
stem (MVS) is one of the core solutions besides
the high level of insulation. Ventilation should
assure improved comfort conditions thanks to
the controlled quantity and of incoming air and
of its properties (in particular temperature and
relative humidity). Therefore, stale internal air
has to be exchanged with fresh outdoor air at
regular intervals. This can definitely not be done
by just opening windows twice a day. Ventilation
principle will work accurately only if polluted air
is removed constantly and in an effective way out
of kitchen, bathrooms, and all other room with
significant air pollution. Fresh air has to be sup-
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plied to the living room, children’s room, slee-
ping rooms, and workrooms to substitute the
removed air. The system will supply exactly as
much fresh air as is needed for comfort and for
good indoor air quality; only outdoor air will be
supplied — no recirculated air. This will lead to a
high level of indoor air quality. [www.passivhaus-
tagung.de/Passive_House_E/ventilation_06.
html]

Hence, a non effective ventilation system implies
condition of discomfort, risk of structural dama-
ges (possibility of mould growth) and the incre-
ase of the energy demand. (Axel Bretzke, 2009)

User general common approach to mechanical
ventilation systems is quite doubtful. The main
issues related to the user distrust is mainly rela-
ted to MVS design, usability, maintenance and
flexibility. All these factors can push users in swit-
ching off the machine with - as a consequence
- low quality of the incoming air (in terms of right
air changes, spatial homogeneity in the internal
target environments), internal discomfort condi-
tions (low air temperatures, air dryness) and hig-
her energy demand (higher ventilation losses).

At this concern it is interesting to refer to a Dutch
research elaboration reported below.

Building engineers and public (occupational)
health institutions initially were skeptical about
the performance of this type of ventilation sy-
stem. To address this skepticism, the municipal
health office Groningen (GGD Groningen) per-
formed a study to relation between indoor air
quality and mechanical ventilation in 28 dwellings
in Groningen and Zuidhoorn (Duijm and Meijer,
2002). This study showed that the system did in-
deed often not perform as intended. In most of
the 28 dwellings the indoor air quality was poor.
In 2006, after having received several health con-
cerned complaints, the municipal health office
Eemland (GGD Eemland) performed a similar
study to the relation between health and ventila-
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tion in 99 dwellings in the district 'Vathorst' (Du-
ijm et al, 2007). The publication of the results in
2007 and the 2008 broadcast of Zembla (current
affairs show) concerning MVHR (Mechanical ven-
tilation with Heat Recovery), can be considered
to be a decisive moment in the previously rapid
growing domestic application of MVHR systems.
A study to occupants behavior regarding MVHR
systems (Soldaat, 2007), a study to the relation
between health complaints and mechanical
ventilation (Leidelmeijer et al, 2009) and a TNO
study to indoor environment in Dutch dwellings
(Dongen and Vos 2007) all confirm the findings
of GGD Groningen and GGD Eemland. The
studies all show similar and structural causes for
malfunctioning of the MVHR system. That is: a
too low ventilation capacity due to the undesired
use of the capacity level switch induced by noi-
se nuisance; poor maintenance / dirty air filters;
erroneous design, installation and setup of the
system; and, the undesired use of the capacity
level switch due to the perception of draft and
the perception of a low relative humidity. In many
situations these causes result in air flow rates that
are too low to comply with the Dutch Building
Codes or the advices of the Dutch Health Coun-
cil (GR 1984) which again results in a poor indoor
air quality. (Van der Pluijm, 2010)

On the other hand, several foreign studies show
that the MVHR system can perform well, resul-
ting in a healthy and pleasant indoor environ-
ment. As part of the research project CEPHEUS,
a study to the indoor environment in over 100
passive houses in Germany, Switzerland, France,
Austria and Sweden. was performed. There were
no significant problems found with the ventila-
tion system in relation to indoor air quality and
thermal comfort (Feist, 2001) (Schnieders, 2003)
it is reported that users often rate their ventilati-
on system as good or excellent. (Van der Pluijm,
2010)
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1.2 Analyses

Not effective ventilation: problems and solutions summary

Presumed

problems

Performance

indicators

Causes

Killer argument (K)/ opportunities (O)

Cold Incoming
air flow

Incoming air
temperature

Lack of specific
equipment (e.g.
bypass)

K: Using natural ventilation the incoming
air has the external temperature. Mecha-
nical ventilation with Heat Recovery and
By-Pass of the possible geothermal heat
exchanger (earth duct) surely improve
the situation from energy and comfort
point of view.

O: a more flexible mechanic ventilation
system should be planned - opportu-
nities for designers education and MVS
enterprises

Dry incoming
air

UR in the room

Wrong ventila-
tion design (air
change rate),

low internal hu-
midity sources

K: Using humidifier

O: Develop compact machine integra-
ted with Heat Recovery System to control
also ai Humidity

High air speed

Room inlet air
speed

Wrong desi-
gning of the
ducts and / or of
the machine

K: Ensuring to define a high quality de-
sign of the mech ventilation as a whole
and for single components (HR, dis-
tribution ducts, vents, control system,
fans, earth ducts and by-pass), also with
prediction on operational matter and
supported by CFD analyses for studying
distribution of air flows.

O: Need of education modules on venti-
lation layout and components (for desig-
ners) and on their managing (users).

O: New compact machine including all
the above features.

Not adaptable

CO, T

Reasonable de-

K: Responsive systems

iat changing viations  from O: BMS with holistic approach conside-
oads average  occu | in g loads and plants (HVAC)

pancy  against

low flexibility in

ventilation usa-

ge
Noisy equip- Sound pressure | Lack of acoustic | K: Good design, commissioning and or-
ment level insulation and of | dinary maintenance

needed devices,
bad designing
of the duct flow.

Frequent main-
tenance

Number of
maintenance
activity

Machines needs
specific/severe
working  condi-
tions

K: Strict maintenance schedules for filter
replacing is necessary in order to have
high IAQ, but it costs less than the ener-
gy saved; for cases with operation con-
ditions far out of the standard, a more
precise designing and eventually additi-
onal components are needed

O: develop new materials and/or com-
ponents to reduce maintenance needs,
keeping high performances
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Spatial homo- CO2, T, RH in Wrong position/ | K Designers must take care of this
geneity of the different internal | typology of the | aspect following in details the related
air change spaces diffusers/vents | standard and using also specific tools
in relation of | (CFD software)
the spat}al 989" | O: innovative vents configuration and
metry. Air plants distributi
istribution approach.
and system de-
signing not cou-
pled with the
internal architec-
tural choices.
Efficiency of Efficiency Confusion|K: Calculate effectiveness in actual wor-
heat recovery caused by diffe- | king conditions
system rent _calculation O: enhanced heat exchangers
methods
High power Yearly energy Ventilation ma- | K: consumption is very less than the ther-
consumption consumption for | chine needs | mal loss reduction
ventilation electricity to
work
Interference Incoming air Wrong design K: Interference with other combustion
with other quality equipment requiring fresh air supply
combustion and exploiting ,stack effect” to evacua-
equipment te flue gases, especially in mountain and
rural areas (gas fired kitchen ranges, fire-
places, wood burning stoves)

Cold incoming air flow
Problems description and actual facts

Situations of cold incoming air flow cause nor-
mally a double negative effect. By one side the-
re is the discomfort condition for users, by the
other the increase of the energy heat demand
for the need of air post heating (with a compact
mechanical ventilation system or with a traditio-
nal heating system).

In general, the air regulation level achieved with
a mechanical ventilation system with heat reco-
very should guarantee an optimal heat exchange
between the exhaust air and the fresh incoming
flow. In other words, the incoming air tempera-
ture should be high enough for comfort condi-
tions. Nevertheless, if the ambient temperature
is not in the comfort ranges, the heat recovered
can be not sufficient in order to heat up the in-
coming outside air up to a comfortable tempe-
rature condition. Therefore, the need of an air
post-heating or of an ,active” heating device
(radiators, radiant systems)is arised. In particular,
in case of absence of air post-heating devices
the discomfort condition could lead the users
to switch the machine off, causing for example
selfmade natural ventilation strategies (again
discomfort and increasing of heating demand).

An example of the described conditions has
been reported during a monitoring project car-
ried out by Eurac Research in a residential retro-
fitted house that achieve high energy standard in
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Bolzano (Italy) (M. Zani, 2008) (Mahlknecht, 2010.
Data show a inlet air temperature in average
2-3°C below the room temperature in winter.
Also feedbacks from the users pointed out the
need to switch off the ventilation device in order
to keep the comfort conditions. In the analyzed
air plant, a geothermal horizontal heat exchan-
ger is used in order to pre heat (in winter) and
pre cool (in summer) the outside air. The pre-
sence of this device without bypass can create
unfavorable situations (middle seasons) when
the mild external air is cooled down. The tem-
perature step between incoming air and design
inlet air temperature cannot be covered by the
heat recovery. These behaviors create discom-
fort and therefore a not effectiveness of the ven-
tilation system.

Hence, there can be critical periods during which
the design conditions are not realized and the
internal temperature does not allow an adequa-
te heat exchange between the fresh air and the
exhaust air.

Killer arguments (K) and opportunities (O)

K: The presence of a air post-heating device
avoids the discomfort condition. This device
can lead to unexpected extra heating demand
caused by ventilation.

O: The described problems and conditions cre-
ate an opportunity for house and air plants desi-
gners. Detailed analyses in the transient regime
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can highlight critical condition leading the desi-
gners to other design choices.

O: Finally, the ventilation air plant should be
planned flexible as much as possible in order
to face internal and external load variations wi-
thout influencing the internal comfort. For ex-
ample, the use of bypass (or post heating) and
controlled valves allow the use of the geother-
mal heat exchanger just when the conditions are
favorable.

Dry incoming air
Problems description and actual facts

A low relative humidity (RH) is a general problem
in winter for dry-cold climates in heated spaces.
The problem is physically originated when cold
external air with a not so high humidity content
(absolute humidity) get into a warm environ-
ment. The relative humidity falls causing the
perception of dry air (for persistent heavy condi-
tions health problem can be caused)

This problem can be a persistent situation in
Mechanically Ventilated (with Heat Recovery)
dwellings. However, experimental tests and mo-
nitoring data shows that is not a problem directly
caused by the presence of the MVS as shown in
the analyses of Van der Pluijm (Van der Pluijm,
2010).

In the monitored cases, measurements in the oc-
cupied dwelling show that the RH is frequently
low (< 30%). It must be mentioned that in the
coldest period (mid December to mid January)
the air flow rates are 15-50% lower than required
by the Building Codes (n.d.r. Holland). On the
other hand, in the same period the indoor tem-
peratures are considered to be high in both the
living room and the sleeping room. The feed-
back of the occupants showed that the percepti-
on of dry air could lead to intentionally lowering
the ventilation capacity using the capacity level
switch. A low RH is a persistent problem that
could affect ventilation behavior and therefore
the effectiveness of MVHR. The moisture ba-
lance however shows that this is not specifical-
ly caused by the MVHR system, but that it is a
product of air flow rates, moist production and
indoor and outdoor temperatures.

Relative humidity can get very low, but this is not
a problem directly related to MVHR. The effect
of alow RH however, can be the undesired use of
the capacity level switch. (Van der Pluijm, 2010)

Killer arguments (K) and opportunities (O)

K: The problem of dry air winter condition is a
problem generally affecting all heated spaces
in winter for cold dry external conditions. The
problem can be studied in design phase for sta-
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tic and transient conditions and can be solved
thanks to with humidity control devices.

O: The highlighted problem lead to some op-
portunities for the research entities and the
enterprises operating in the Building Manage-
ment Systems (BMS).

« Replacing the capacity level switch by an au-
tomated process could be a solution. Howe-
ver, research to the effect of the inability to
be in control of the system on user behavior /
appreciation of the system is needed.

o Allowing a lower indoor air temperature by
applying radiant heating instead of high tem-
perature radiators also has a positive effect
on RH. (VanDerPluijm, 2010);

« Use of ventilation machines with humidifica-
tion devices;

« Installation of plants and flowers increasing
the internal humidity sources.

High air speed
Problems description and actual facts

One of the typical problem in a mechanical ven-
tilated system is related with the internal air ve-
locities that can be perceived high in the living
zone and will lead to discomfort conditions. Also
in this case, experimental tests and monitored
data have been collected and analyzed by Van
der Plijim (Van der Plijm, 2010)

Killer arguments (K) and opportunities (O)

K: The presence of standards and best practi-
ce as well as experimental data shows that the
air speed problem can be fully avoided. Even
though several studies show a relation between
the presence of MVHR and complaints regarding
draft, the measured air velocities in the living
zone did not exceed the criterion of 0,2 m/s for
any of the measured variants. The perception of
draft however varies from person to person and
depends besides the air velocity also on air tem-
perature and turbulence intensity.

O: Nevertheless, minimizing the possibility of
perceivable air velocities in the living zones must
be taken into account when designing a MVHR
system. Therefore the type of supply valve (low
inducing), the positioning of supply valves and
air flow rates per valve must be well designed.
This let a great opportunities to designers and
technical education entities in order to provide
the right competences and knowledge. There-
fore, air velocity problems can be easily avoided
thanks to a better designing.
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Not adaptability at changing loads
Problems description and actual facts

Effectiveness of mechanical ventilation systems
could be primarily related to the ability to remo-
ve airborne contaminants and supply clean fresh
air to those parts of a room where it is needed.
Starting from this commonsense, caused by a
non-continuous variation and adaptability of the
ventilation machines provided air flows, a not
effective removal of the pollutants in the indoor
environment can be registered especially in con-
ditions of overcrowded apartments.

A first experience of this problem comes from
the detailed studies of the TU Eindovehn (Van
der Plijm, 2010). In both the test dwellings the
ventilation capacity did neither comply with the
ventilation design nor the Building Codes at the
start of the measurement period (September
2009). Based on the measurements by N. van Erk
(Erk, 2009) in September 2008, the air flow rates
did also not comply with the design and the
Building Codes after the initial construction/in-
stallation delivery (before the Hybalansplus dis-
tribution system was replaced - table 2.3). It must
be mentioned that the distribution system (cen-
tral distribution unit in the attic and fixed supply
and exhaust valves at the end) is relatively new in
the Netherlands. At the end of the measurement
period, after several modifications / reconfigu-
rations of the MVHR systems in both dwellings,
the set capacities and resulting CO, levels are
considered to be acceptable. Hence, based on
the measurements in the test dwellings and the
information from literature concerning the pro-
blems with MVHR in the Netherlands, the recur-
ring problem of insufficient ventilation capacity
in MVHR ventilated dwellings is not a technical
shortcoming of the ventilation system itself; ho-
wever, installer’s expertise and solid installation
qualification procedures are indispensible for
MVHR to be successful. (Van der Pluijm, 2010)

Besides this, occupancy levels can affect the
effectiveness of ventilation. According to the
Building Codes (n.d.r.in the Netherland) design
of air flow rates is based on the floor area of a
room. Deviations from average occupancy levels
are therefore not accounted for. (Van der Pluijm,
2010)

Another experience has been performed by the
Eurac Research within the monitoring activity
of the first social PassivHaus in ltaly (Castagna,
2008). The monitoring campaign has shown
that for the flat with inhabitants higher than the
planned number, the average of the CO, con-
centration is higher than the other apartments.
Furthermore, user behavior lead in winter to
open the window causing higher energy con-
sumption and higher discomfort for the pre-
sence of important mass of cold air coming from
the outside.
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Killer arguments (K) and opportunities (O)

O: One of the biggest limit of the MVS is the lack
of high flexibility in responding to unplanned
conditions, e.g. users presence higher than the
planned one. An opportunity for ventilation ma-
chine builders is in the direction of the creation
of more flexible machines.

O: Secondly, occupancy levels based products
such as an intelligent capacity distribution sy-
stem (manual or CO, based) or user-friendly buil-
ding control systems could be solutions in the
future.

O: Finally, designers should invest planning time
in the verification of the reference norm limits
also in operation conditions out of the designed
ones.

Noisy equipment
Problems description and actual facts

Noise nuisance is a persistent problem in MVHR
ventilated dwellings.

The Dutch experience (Van der Plijm, 2010] states
that in the occupied test dwelling high installati-
on noise levels proved to have a negative effect
on ventilation behavior. Over the period that
noise nuisance was mentioned as a problem,
the occupants ventilated at capacity level 1 for
93% of the time — supplying not more than 15%
of the required amount of fresh air to the living
room and less than 50% to the monitored slee-
ping room. After the latest system modifications
/ reconfigurations (table 2.3) the criteria LI;A <
27dB in the sleeping rooms and LI;A < 30dB in
the living room of the unoccupied dwelling are
satisfied (air flow rates conform Building Codes).
After similar adjustments to the system in the oc-
cupied dwelling the complaints regarding noise
nuisance disappeared. Based on the measure-
ments in the unoccupied test dwelling, feedback
of the occupants and the information from litera-
ture concerning the problems with MVHR in the
Netherlands, installation noise of MVHR systems
seems to be a significant and recurring problem.
(Van der Pluijm, 2010)

Solutions: killer arguments and opportunities

K: High noise levels can be caused by an erro-
neous configuration or design of the system;
however, there is no indication that the pro-
blem is insuperable by implementing standard
measures. Installation qualification procedures
and installer's expertise again are considered to
be indispensible to avoid high installation noi-
se levels. (Van der Plijm, 2010) O > This can be
considered as killer arguments even if it opens
to further opportunities in the practitioners and
designers education sectors.
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Maintenance
Problems description and actual facts

A MVS represents an important component in
the maintenance list. The machine has to work
as regularly as possible in order to guarantee
the desired internal conditions. One of the most
frequent maintenance action to be performed
concerning MVS is the cleaning/replacement of
the air filters. In case of dirty conditions the ma-
chine can perceive a pressure drop higher than
the standard level until the stop of the machine.

The LED indication for filter replacement should
provide to the users of the system the informa-
tion regarding the status of the filters. Often the
ventilation machine status is not adequately rea-
dable and the maintenance requirements clear
for the users. Therefore, stand-by conditions of
the machine are often registered. Furthermore, if
no feedback is given by the system it is not unli-
kely that problems with the prompt replacement
of the filters could occur.

Killer arguments (K) and opportunities (O)

O: An opportunity for enterprises in the field of
the MV machine exists in terms of developing of
smarter alarm system and filters materials.

Spatial homogeneity
of the air change

Problems description and actual facts

The air paths in rooms of a dwelling is not homo-
geneous due to variations in system-properties
or to room-geometry. The air distribution within
the internal environments and therefore the
comfort perceived by the users in different posi-
tions can be strongly different. The problem can-
not be generalized due to the infinite number of
differences in systems and houses internal geo-
metries. Nevertheless, it is important to highlight
known problems and possible strategies for so-
lutions.

Also this problem has been studied by the (Van
der Plijm, 2010) thanks to the use of an experi-
mental test-bench. The air flow pattern visuali-
zations show that the mechanical supplied air
mixes well with the present air in the sleeping
room. The smoke tests in the living room of the
unoccupied test dwelling confirmed this. With
the efficiency measurement in the living room of
the unoccupied dwelling and the variant study in
laboratory a quantitative measure of ventilation
efficiency is obtained. At least for small rooms it
can be concluded that the ventilation efficiency
is robust for changes in system properties and
room-geometry. For larger and more complex
rooms more research is required. The variant stu-
dy in laboratory showed that neither the closet
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in front of the supply valve, the varied air flow
rates, the different positions of the supply valve,
the type of valve nor the decreased supply air
temperature affected the age distribution of air
in the room.

Killer arguments (K) and opportunities (O)

K: Standards and tools exist and should be used
during the design phase in order to deeply stu-
dy the main flow paths and possible critical com-
fort conditions in the whole internal conditioned
space. The killer argument is that best practice
and research studies can show reliable methods
of designing air inlets and internal use of the
space.

O: What is missing, and therefore what can be an
opportunity for designers, is on the one hand the
use of software for the detailed evaluation of the
airflow paths and on the other hand the inter-
action with internal space designers in order to
develop solutions coherent with the ventilation
devices (inlet and outlet).

Efficiency of heat recovery system
Problems description and actual facts

There are different methods of testing the effici-
ency of heat recovery efficiency. Dependent on
the method the degree of efficiency is calculated
supply-air or exhaust-air sided. Some methods
consider the condensate, some don't.

The table on the right side gives an overview
over three of the many different methods of te-
sting and calculation:

Depending on the method the testing results
differ. The testing of one product with all three
methods explained above shows that the value
differs significantly in the case of bad insula-
ted ventilation machine boxes, but differs only
slightly in the case of good ones.

As therefore there are testing procedures for
mechanical ventilation systems which often pro-
duce unrealistically positive test results, the PHI
recommends: If reliable measured values are not
available, or a certificate is not presented, then
the values should be calculated by subtracting
12% from accreditation test results.

An efficiency value of 75% can be used to calcu-
late the efficiency of a counterflow heat exchan-
ger in situations where accurate technical data
are not available.

Crossflow heat exchangers have lower efficienci-
es. A value no higher than 50% can be used wi-
thout more detailed measurements (PHI, 2007).
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Method 1 3 4
Norm According to DIN EN 308 According to Passivhaus-In- | Accordingto DIPT (Deutsches
stitut PHI Institut fir Bautechnik DIBT)
Formula ne = try — 3 Bgan — Doutg + TP:,, S Hsyp — Houta
— _ e e
ti1 — 2 NHRV.erf Foon —Powea Hsyp * —Houta
t,, = Supply air temperature enthalpy of exhaust air in
t,, = Outdoor air tempera- Jouta ~ 4 - 6°C case of humid outdoor air
ture = 5°C ) Bgen ~ 21°C MP = metering point
tﬁ = Exhaust air tempera- MP1: t = .3°C, = 36%
° - Loutd ’
fure = 25°C P5en ~25-28% 1. H. MP1: t ., = +4°C, = 46%
tw,, = Exhaust alrowet bulb N MP1: t_, = +10°C, = 56%
temperature < 14°C Pe = input power blowers | i LIl MP- = 80% t = 21°C
Pexn ~28% r. H.; that means o
no condensate
Efficiency | Supply-air sided Exhaust-air sided Supply-air sided
calculated
Measure- | Dry — without condensate Dry — without condensate Humid — with condensate
ment
Insulation | Casing at testing insulated - -
casing 50 mm
n appears slightly better n describes here an effective | n appears significantly high-
than in method 3 value, which rises in case er than in method 3
of humid exhaust air about
3-5%
Tightness | at 100 Pa: int. leakage = 3% | at 100 Pa: int. leakage < 3% at 100 Pa: int. leakage < 5%
at 250 Pa: int. leakage < 3% | at 100 Pa: int. leakage < 3% at 100 Pa: int. leakage < 5%
Relation Py = Cp * Qmi1 * At11-12 - -
released/
received Py = cp* Qmaz* Atya-2
h
eat P;
095 =—=1,05
P,

Source: www.paul-lueftung.net/downloads/erklaerungzuverschwirkungsgraden_091020.pdf

Killer argument & Opportunities

K: The different methods of calculation are ge-
nerally well documented and each method lead
to a different value of efficiency (differences are
much higher for low performance machines).

O: The producer and tester SMEs should provi-
de to the users methods and testing data with
more clearness.

O: Designers and planner should consider al-
ways the differences in calculation in order to be
as much as possible transparent with customers.

High power consumption
Problems description and actual facts

The electric power consumption of the ventila-
tion machine can be easily compared with the
energy saving deriving from the use of the heat
recovery system. In this calculation, the main role
is played by the effectiveness of the heat recove-
ry system (see discussion above).

Nowadays, high technology devices can assu-
re very high heat recovery efficiencies. Starting
from the technical data and applying a safety

ENERBUILD: Final Result 5.3
Killer arguments and opportunities

coefficient, an energy balance should be perfor-
med in case of sceptisim.

Killer arguments (K) and opportunities (O)

K: The condition of operation in terms of energy
balance can be easily verified for each building.
Nowadays the efficiency of the heat recovery
(corresponding to the energy saving and to a
huge reduction of the ventilation losses) can be
considered around 75% (PHI, 2007).

O: Designers and energy performance evaluator
should always consider the different methods
of calculation of the heat recovery efficiency. A
standard should be elaborated with the definiti-
on of a common way of calculation of the heat re-
covery efficiency for the building energy balance.
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Interference with other combusti-
on equipment

Problems description and actual facts

Interferences with other combustion equip-
ment requiring fresh air supply and exploiting
Jstack effect” to evacuate flue gases, especial-
ly in mountain and rural areas (gas fired kitchen
ranges, fireplaces, wood burning stoves) can be
found.

Normally these problems would affected also
other ventilation strategies (natural ventilation)
and therefore a deep analyses of the external
environment should be performed before the
building design.

Killer arguments (K) and opportunities (O)

Interference with other combustion equip-
ment requiring fresh air supply and exploiting
Jstack effect” to evacuate flue gases, especially
in mountain and rural areas (gas fired kitchen
ranges, fireplaces, wood burning stoves).

Depending on the method the testing results
differ. The testing of one product with all three
methods explained above shows that the value
differs significantly in the case of bad insula-
ted ventilation machine boxes, but differs only
slightly in the case of good ones.

As therefore there are testing procedures for
mechanical ventilation systems which often pro-
duce unrealistically positive test results, the PHI
recommends: If reliable measured values are not
available, or a certificate is not presented, then
the values should be calculated by subtracting
12% from accreditation test results.

An efficiency value of 75% can be used to calcu-
late the efficiency of a counterflow heat exchan-
ger in situations where accurate technical data
are not available.

Crossflow heat exchangers have lower efficienci-
es. A value no higher than 50% can be used wi-
thout more detailed measurements (PHI, 2007).

Killer argument & Opportunities

K: The different methods of calculation are ge-
nerally well documented and each method lead
to a different value of efficiency (differences are
much higher for low performance machines).

O: The producer and tester SMEs should provi-
de to the users methods and testing data with
more clearness.

O: Designers and planner should consider al-
ways the differences in calculation in order to be
as much as possible transparent with customers.
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High power consumption
Problems description and actual facts

The electric power consumption of the ventila-
tion machine can be easily compared with the
energy saving deriving from the use of the heat
recovery system. In this calculation, the main role
is played by the effectiveness of the heat recove-
ry system (see discussion above).

Nowadays, high technology devices can assu-
re very high heat recovery efficiencies. Starting
from the technical data and applying a safety
coefficient, an energy balance should be perfor-
med in case of sceptisim.

Killer arguments (K) and opportunities (O)

K: The condition of operation in terms of energy
balance can be easily verified for each building.
Nowadays the efficiency of the heat recovery
(corresponding to the energy saving and to a
huge reduction of the ventilation losses) can be
considered around 75% (PHI, 2007).

O: Designers and energy performance evaluator
should always consider the different methods
of calculation of the heat recovery efficiency. A
standard should be elaborated with the definiti-
on of a common way of calculation of the heat re-
covery efficiency for the building energy balance.

Interference with other combusti-
on equipment

Problems description and actual facts

Interferences with other combustion equip-
ment requiring fresh air supply and exploiting
Jstack effect” to evacuate flue gases, especial-
ly in mountain and rural areas (gas fired kitchen
ranges, fireplaces, wood burning stoves) can be
found.

Normally these problems would affected also
other ventilation strategies (natural ventilation)
and therefore a deep analyses of the external
environment should be performed before the
building design.

Killer arguments (K) and opportunities (O)

Interference with other combustion equip-
ment requiring fresh air supply and exploiting
Jstack effect” to evacuate flue gases, especially
in mountain and rural areas (gas fired kitchen
ranges, fireplaces, wood burning stoves).
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2.1 General framework

The Passive House standard offers a cost-effi-
cient way of minimizing the energy demand of
new buildings in accordance with the global
principle of sustainability, while at the same time
improving the comfort experienced by building
occupants.

However, there are, in connection to the passive
houses, always resist arguments against the ope-
ration of the heating-and cooling systems.

Heating system

The special in passive house is that they do not
require an active system. Only a controlled venti-
lation system is necessary. Many consumers and
same experts doubt that this works. On cold win-
terdays, it is not possible to heat only with the
ventilation system. The room temperature will
decrease. Especially room witch are oriented to
the north direction. In this room the solar gains
can not use completely.

Cooling system

With passive systems passive houses are also
cooled. There are different techniques possible.
Houses for private using you can use, for exa-
mple, a ground heat exchanger. Some people
doubt that this works. Especially on many hot
days. The consequence would be that the rooms
overheat. The occupants no longer feel them-
selves well.

The following lines will refute this arguments:

The passive house creates the basis on which it is
possible to meet the remaining energy demand
of new buildings completely from renewable
sources. What makes the approach so cost-effici-
ent? Following the principle of simplicity, it relies
on optimizing those components of a building
which are necessary in any case:

2.2 Analyses

2. Heating and cooling

Editor: PP4-FH- Rosenheim

The building envelope, the windows and the au-
tomatic ventilation system (which is expedient
anyway for hygienic reasons). Improving the ef-
ficiency of these components so that

a separate heat distribution system is no longer
needed. This will reduce additional costs.

The term ,Passive House” refers to a construc-
tion standard that can be met using a variety of
technologies, designs and materials. It is basi-
cally a refinement of the low energy house stan-
dard. Passive Houses are buildings which assure
a comfortable indoor climate in summer and in
winter without needing a conventional heat dis-
tribution system. To permit this, it is essential
that the building’s heating load does not exceed
10 W/m?2.

The small heating load is roughly equivalent with
an annual space heat requirement of 15 kWh/
(m?a). Passive Houses thus need about 80% less
space heat than new buildings designed to the
various national building codes valid in 1999.
The small space heat requirement can be met by
heating the supply air in the ventilation system.
The standard has been named , Passive House”
because the ’passive’ use of incidental heat
gains — delivered externally by solar irradiation
through the windows and provided internally
by the heat emissions of appliances and occu-
pants — essentially suffices to keep the building
at comfortable indoor temperatures throughout
the heating period.

It is a part of the Passive House philosophy that
efficient technologies are also used to minimize
the other sources of energy consumption in
the building, notably electricity for household
appliances(http://passiv.de/07_eng/news/CE-
PHEUS_ECEEE .pdf, 18.12.2010)

heating and cooling: problems and solutions summary

heating rature, living

environment

Presumed Performance Causes Killer argument (K)/ opportunities (O)
problems indicators
Not effective Indoor tempe- Lack of expected | K: Too cold in Winter because of ina-

heat gains (sun,
internal gains)

dequate heating.O: Building automa-
tion, control of ventilation systems and
heating and cooling system of measure-
ment sensors in the building

Not effective
cooling

Indoor tempe-
rature, living

environment rates

Overinsulation,
low air change

K: Too hot in Summer because of exces-
sive insulation (or other reasons...).O:
Building automation, control of venti-
lation systems and heating and cooling
system of measurement sensors in the

building
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Not effective heating/cooling
Problems description and actual facts

Passive houses offer extended living comfort
with only 15 to 20% of the space heating de-
mand of conventional new buildings. This is
achieved by improving the efficiency of building
components, such as walls, windows or ventilati-
on system, which are necessary in every building
anyway.

Thus, the extra costs of passive house standard
is only 100Euro/m? compared to a building that
is built according to current legal regulations
(http://passipedia.passiv.de/passipedia_de/
grundlagen/wirtschaftlichkeit).

Some consumers are sceptical of this theory.
They believe that this type of heating is not pos-
sible or not yet mature. Their arguments are:

o On cold winter days, it is not longer possible
to heat the rooms on the ventilation system.
The heat storage (transport) capacity of air is
not large enough to cover the heat demand
in each room.

o On hot summer days, passive houses in
wooden construction tend to overheat. The
reasons are excessive insulation or missing
heat storage capacity in the exterior walls.

o A building does not work without active hea-
ting system.

Within the EU-funded demonstration project
CEPHEUS (Cost Efficient Passive Houses as EU-
ropean Standards), 14 passive houses with 221
dwelling units have been built at different buil-
ding sites, with different planners and users and
of different construction types. In this paper,
detailed measurements for 11 passive house
projects are presented. All projects show extra-
ordinarily low space heat consumption with an
average during the first heating season of 20
kWh per square meter living area .

Compared with newly erected buildings that
obey local legal standards, 80% of the space
heat consumption could be saved. In addition,
the total primary energy consumption (including
household electricity) was less than 50% of that
of conventional new buildings.

The mean room temperature in the heating
period was 21.4°C. Even at very low outdoor
temperatures the room temperatures did not
go down significantly. The measurements show
that the buildings also offer comfortable sum-
mer conditions. Indoor temperatures rarely
rose above 25°C. Users were well pleased with
the simple techniques used. Even with tenants
in low-income housing the projected energy sa-
vings could be reached. A social research project
showed a high degree of user satisfaction.

The graph shows the mean values of the mea-
sured indoor temperatures in winter. The values
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generally refer to the months of November to
February. 07-Dornbirn was only occupied in late
December 2000; here the temperature data are
for January and February.

Mean indoor temperatures
in the CEPHEUS buildings (Nov-Feb)

04-Egg 222

05 - Horbranz: 23.1
06 - Wolfurt: 225
08-Gnigl: 22.7

09 - Kuchi: 23.1

02 -Kassel: 21.1

Mean indoor temperature [°C]

Fig. 2: Mean indoor temperatures in winter (gene-
rally from 1 November to 28 February).

The continuous lines shows the mean values of
the individual building. The pointed black line
shows the mean values of all buildings. The x -
axis shows the time for the individual buildings.

Also the figure shows that in all CEPHEUS buil-
dings the mean indoor temperature over all
occupied zones and the whole measurement
period was above 20°C. Occupants typically set
temperatures between 21 and 22°C; the range of
the occupied houses is, however, from 17 to 25°C
(the mean temperatures below 17°C measured
in 01-Hannover belong to unoccupied houses).
When the insulation standard of a building is im-
proved, a trend towards higher indoor tempera-
tures can generally be observed: If the improved
comfort is technically realizable at low cost, it is
evidently also desired (http://passiv.de/07_eng/
news/CEPHEUS_ECEEE .pdf).

Killer arguments (K) and opportunities (O)

K and O: In essence, the arguments relating on
the performance of the heating and cooling sy-
stem. With the following measures these argu-
ments should be refuted.

« Improving information flow between planer
and user. The planners should receive de-
tailed information on user behavior. So it will
be easier to calculate the energy consump-
tion.

o Creation of further training on the passive
house. Integrated planning is particularly im-
portant for passive houses. All involved per-
son groups should be trained in the basics of
passive house calculating and implementing.

o Consumers will increasingly have the oppor-
tunity to test passive houses initially. To live
in a passive house, is the best way to refute
arguments killer. The residents can make their
own option about , Living in a passive house”.
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3.1 General framework

Currently, energy saving in the building sector is
the most diffuse sustainability issue. Unfortuna-
tely, this subject is little known and accompanied
by a skeptical approach. Often the interest and
sensibility for these arguments is rejected by
economic aspects, where an investment appears
too high and payback period too long.

The possibility of an answer for the questions:
,How much does high-performance building
cost?’ and ,How long should it take for an in-
vestment to return itself?’ could be very useful to
convince the people choosing the buildings in
high-energy performance solutions rather than
another standard models.

In the first part, becoming from the analysis of
various residential complex in the city of Bolza-
no, it has been chosen two types of apartment
buildings (the volume around 20.000 m3) with dif-
ferent energy performance classification A and
B, which are calculated according to Climate-
House Agency’s norms.

Starting from the output of previous work phase,
it will be analyzed the construction cost of each
buildings and the incidence of single technolo-
gical components and also high-performance
products on the total price.

Finally, it will be possible to compare the results
of different energetic scenarios to establish a
percentage difference between the construction
costs of two building energy performance clas-
sification.

At the end, the payback period and break-even-
point (BEP) will be calculated for an investment
in high energy performance building.

The goal of the following analysis is to encounter
presumed problems regarding costs and pay-
back period and break-even-point (BEP) of an in-
vestment in high-energy performance buildings.
The presumed problems are described and then
compared to current facts and studies. Proposi-
tions for killer arguments, and/or opportunities
are provided for each problem considered.

The following part of discussion deals with the
methodology of choice and the comparison
between buildings in energy performance clas-
sification A and B; construction costs of these
building; incidence on the total cost of single
energy performance technological componen-
ts (walls, roofs, slabs) and products (insulations,
high-performance windows etc.); percentage
ratio derived from difference of costs between
two building energy performance A and B classi-
fication, previously taken into consideration, and
after that, the payback period and break-even-
point (BEP) of an investment.

.Low energy buildings are known under dif-
ferent names across Europe. A survey carried

Page 18 of 39

3. Economic aspects

Editor: TIS

out in 2008 by the Concerted Action suppor-
ting EPBD identified 17 different terms in use
to describe such buildings used across Europe,
among which the terms low energy house, high-
performance house, passive house/Passivhaus,
zero carbon house, zero energy house, energy
savings house, energy positive house, 3-litre
house etc. In the relevant literature additional
terms such as ultra-low energy house can be
found. Finally, concepts that take into account
more parameters than energy demand again
use special terms such as eco-building or green
building.

Variations exist not only as regards the terms
chosen, but also what energy use is included in
the definition. Ideally, the minimum performance
requirements should take into account all types
of energy use that is demand for space heating
(cooling), water heating, air conditioning as well
as consumption of electricity. This is often not
the case. On the contrary, the definition may
cover only space heating ignoring all electricity
demand that may cover most heating needs for
instance in office buildings” (Thomsen/Wittchen,
European national strategies to move towards
very low energy buildings, SBI (Danish Building
Research Institute, 2008).

After this brief introduction that defines the
concept of low-energy building, it is impor-
tant to understand the interaction between the
construction costs in the building energy perfor-
mance classifications A and B.

The problem of a choice of ClimateHouse Stan-
dard A rather than ClimateHouse Standard B is
essentially connected with the economic factor.
The fact is, that the modern and sophisticated
technological solutions are expensive and the
possibility to achieve the well-being in own
home, is to spend more money at the beginning.
This statement often discourages the people to
make an investment. Additionally, it creates a
prejudice that the risk of an investments incurred
by a customer, will not be amortized in the rea-
sonable time. Furthermore, the presumed dilem-
ma in a choice of a home in Standard A instead
of Standard B also depends on others factors:

« desideratum thermal comfort level
and well-being level;

« destination of real estate
(rent or own propriety):

« difference between the energy performance
A and B is not so noticeable.

. The housing sector requires specific measures,
as it accounts for 40% of the overall energy used
in Europe. However, there is a huge potential for
decreasing this number, as it is shown by many
initiatives.
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In South Tyrol the KlimaHaus/CasaClima initia-
tive motivates to build houses in an energy-ef-
ficient way. As a result, every newly built house
consumes at the most 70 kWh (equivalent to 7 |
of oil) per m2 per year for heating. This is a 70%
reduction with respect to the average consump-

tion of the building stock.
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Fig. 1 Energy-efficient buildings in Tyrol obtain a
certificate and a plague.(www.klimahaus.info)

The success of the above mentioned certification
is based on its implementation strategy.

This strategy stands on three pillars: the
certification itself that awards energy-efficient
houses, the education programme which is te-
aching planners and craftsmen the fundamen-
tals of modern building and, last but not least,
the marketing campaigns that have been able
to communicate to the citizens the advantages
of energy efficient buildings” (DietmarUberba-
cher& Marcella MorandinOkoinstitutSiidtirol).
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3.2 Analyses

3.2.1 Methodology of choice and comparison

The objects of analysis are the apartment buil-
dings in energy performance A and B clas-
sification, which are calculated according to
ClimateHouse Agency’s norms (UNI EN 823).

Among the various residential complex in the
area of Bolzano, the number of buildings appro-
priated for comparison is very low.

The buildings fit for confrontation should have a
similar parameters like:

« heating volume and area;

« area-to-volume ratio (A/V);

« number of apartments;

« orientation;

« similar period of construction;

 the same building energy performance
classification;

« the same climatic zone.

Consequently, in Bolzano (South Tyrol, ltaly),
it was possible to have only one case of study,
which compares two buildings from different re-
sidential zones: CasaNova (energy performance
A certification) and Firmian (energy performance
B certification).

In the following part will be described the princi-
pal characteristics of each buildings.

3.2.2 Casanova Project, Building EA8 b

6.660m?

Gross heating area:

Gross heating volume: 20.866 m3
Area- Volume - ratio: 0,31

Axis of orientation: East-West
Number of apartments: 55

Customer

Ipes (Istituto per I'Edilizia Sociale della
Provincia autonoma di Bolzano)

Energy Performance Certification

30 kWh/m? per year (ClimateHouse A)
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The high-energy performance of this building
is achieved using the thermal insulation without
the forced ventilation. The structure of this buil-
ding is in reinforced concrete. The vertical com-
ponents are compound of wall in poroton bricks
insulated with mineral wool (thickmess18 cm, U-
value 0,18 W/m2K), while the horizontal parts like
slabs adjacent to not heating zone (total thick-
ness 76 cm, U-value 0,18 W/m?2K) are insulated
with a calcium silicate foam (thickness: 10 cm).
The building coverage is insulated with extruded
polystyrene (thickens of XPS: 12 cm). The windo-

3.3.3 Firmian Project, Building B 2.2

w2 T L R T
Ay

Gross heating area: 5.687 m2
Gross heating volume: 18.117m3
Area- Volume - ratio: 0,37

Axis of orientation: East-West
Number of apartments: 57

Customer

lpes (Istituto per I'Edilizia Sociale della
Provincia autonoma di Bolzano)

Energy Performance Certification

49 kWh/m?2 per year (ClimateHouse B)

3.4.4 Analysis of construction cost

In this part of work, the all economic valuation
has been based on the cost estimation of two
buildings furnished by IPES (Istituto per I'Edilizia
Sociale della Provincia autonoma di Bolzano).

The following presentation demonstrates the
analysis of construction cost of building EA8 b
(CasaNova) in energy performance A.

wing system is vary performance with triple gla-
zing, ,Low-E" coating, low-conductivity gas and
timber frame (Ug = 0,6 W/m2K, Uf= 1,8 W/m2K,
g=0,5).

The photovoltaic system is installed on the green
roof with peak power of 17 KW and the evacua-
ted tube collectors (85,96 m?) with heat exchan-
ger for solar water heating. In apartments is used
underfloor heating and cooling systems sup-
plied by district heating (teleheating) of Bolzano.

The high-energy performance of this building
is achieved using the thermal insulation without
the forced ventilation. The external wall is com-
pound of poroton bricks and insulating in calci-
um silicate boards (thickness 8 cm, U-value 0,31
W/m?K). The horizontal parts like slabs adjacent
to not heating zone (total thickness 47 cm, U-va-
lue 0,36 W/m2K) are insulated with an extruded
polystyrene XPS (thickness: 5 cm). The green roof
coverage is insulated with extruded polystyrene
(thickness of XPS: 12 cm). The windowing system
used in this building has double glazing, ,Low-E’
coating, low-conductivity gas and timber/alumi-
num frame (Ug = 1,10 W/m2K, Uf= 1,78 W/mZK,
g=0,62).

The photovoltaic system on the roof has a peak
power of 7,5 KW. There is no installation of a so-
lar thermal system provided. The building has a
central heating system with gas fired condensing
boiler (rated output of 500 KW) and terminal he-
ating radiators.

The examples of the reported costs in the table,
show only the parts of the building which influ-
ence the energy performance.

Casanova Project, Building EA8 b
Total construction cost: € 7.516.233,77
External Wall Ground floor slab Green roof Plants
(Thermal solar system, PV
system, Heatinf system)
Cost Gross heating | Cost Gross heating | Cost Gross heating | Cost Gross heating
(€/m?) area (m2) (€/m?2) area (m?2?) (€/m?) area (m2) (€/m?) area (m?)
£€129,81 | 4.233 €193 841 €119 801 - -
Total cost | € 549.485,73 | Total cost | € 161.893,00 | Total cost | € 95.255 Total cost | € 93.045,00
Incidence | 7,31% Incidence | 2,15% Incidence | 1,27% Incidence | 1,24%

Page 20 of 39

ENERBUILD: Final Result 5.3
Killer arguments and opportunities



of technological
I3
on the total construction cost (%)

7,31

2,15
6,13
1'24\

B External Wall (Me 1a)
M Groundfloor slab (S3.19)

Greenroof (Se 1.1)

In the table below the costs of single technologi-
cal materials/products are presented which influ-
ence the additional costs to achieve the energy
performance in standard A.

* The cost of materials marked with a star derived
from the List of Building Cost and Estimates (Cham-
ber of Commerce, Industry, Crafts and Agticulture of

B Plants
Rest Bolzano, 2010)
Technological com- | Type of insu- | Thickness | Gross heating | Cost of ma- | Total cost (€) | Cost
ponents lation (cm) area (m?) terial (€/m?) (€/m?)
External wall MW 18 4233 €75,03 €317.601,99 | -
Wall (Me 4.1) MW 12 294 €59,70* € 17.551,80
Wall (Me 2) MW 18 56 €75,03 €4.201,68
Slab (Si 3.1) WF 5 841 €17,42 € 14.650,22
Slab (Si 3.1) Calcium Sili- | 10 841 €65,26 € 54.883,66
cate Foam
Technological com- | Type of Thickness | Gross heating | Cost of ma- | Total cost (€)
ponents insulation (cm) area (m?) terial (€/m?)
Slab (Se 5.3) EPS 5 110 €8,55* € 940,50
Slab (Se 5.1) EPS 5 24 € 8,55 € 205,20
Slab (Si 4.1) WF 16 13 € 30,00* € 390,00
Flat roof (Se 1.3) XPS 5 124 €10,86* € 1.346,64
Slope roof (Se 1.3) | WF 2,2 801 €984 €7.881,84
Slope roof (Se 1.3) | WF 18 801 €48,69 € 39.000,69

Cost of products

Incidence of materials/

products on the total construc-

tion cost

Insulation € 458.654,22 Insulation 6,10%
Windowing €761.656,82 | Windowing 10,13%
Solar thermal | €42.122,17 Solar thermal | 0,56%
system system

PV system €44.223,30 PV system 0,59%
Heating €172.533,92 | Heating 2,30%
system system
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Incidence of materials/products
on the total construction cost (%)
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M Insulation

M Windowing
Solarthermal system

M PV system

M Heating System

Rest



Firmian Project, Building B 2.2
Total construction cost: € 6.164.732,46
External Wall Ground floor slab Green roof Plants
(Thermal solar system, PV
system, Heatinf system)
Cost Gross heating | Cost Gross heating | Cost Gross heating | Cost Gross heating
(€/m?2) area (m?) (€/m?) area (m?) (€/m?) area (m?) (€/m?) area (m?)
€117,80 | 4.0 €59 993 €80 1.064 - -
Total cost | € 481.919,8 Total cost | € 58.736,- Total cost | € 85.120,- Total cost | € 45.400,-
Incidence | 6,41% Incidence | 0,78% Incidence | 1,13% Incidence | 0,60%
Incidence of technological comp The construction costs of the second building
on the total construction cost (%) i .
- Firmian B 2.2 represented by the energy per-
7,31 formance standard B, are described by the fol-

lowing tables and graphs.

2,15
6,13
1124\

In the table below the costs of single technologi-
cal materials/products are presented which influ-
ence the additional costs to achieve the energy

M External Wall (Me 1a)
B Groundfloor slab (53.19)
Greenroof (Se 1.1)

M Plants
Rt performance in standard A.

* The cost of materials marked with a star derived

from the List of Building Cost and Estimates (Cham-

ber of Commerce, Industry, Crafts and Agticulture of

Bolzano, 2010)
Technological com- | Type of insu- | Thickness | Gross heating | Cost of ma- | Total cost (€) | Cost
ponents lation (cm) area (m?) terial (€/m?) (€/m2)
External wall Calcium Sili- | 8 4091 € 67,50 €276.142,50 | -

cate Foam
Green roof XPS 12 1064 € 23,08* € 2455712
Slab XPS 5 622 €7,00 € 4.354,00
Technological com- | Type of Thickness | Gross heating | Cost of ma- | Total cost (€)
ponents insulation (cm) area (m?) terial (€/m?2)
Slabs adjacent to XPS 5 371 €7,00 €2.597,00
not heating zone
Loggia (up) Calcium Sili- | 8 336 € 67,50 € 22.680,00
cate Foam
Loggia (down) XPS 5 255 €7,00 € 1.785,00
Cost of products Incidence of materials/ Incidence of materials/products
products on the total construc- on the total construction cost (%)
tion cost
Insulation €332.115,62 Insulation 4,42%
W Insulation
Windowing € 398.013,00 Windowing 5,30% B Windowing
Solarthermal system
PV system € 32.400,00 PV system 0,42% B PV system
B Heating System

Heating £13.000,00 | Heating 0,17% -
system system
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3.4.5 Analysis of cost for payback period

The calculation of the payback period for an in-
vestment reported on this specific case of study
considers costs like heating bills, maintenance
and repair cost of plants.

The first table confronts the heating and warm
water demands for buildings in energy perfor-
mance A and B. After that, the energy consump-
tion will be reported for a building unit of area
100 m2 with annual utilization costs expected.

Building in ClimateHouse A Standard

Heating system

Heating system

Construction cost €7.516.23377 | Construction cost € 6.164.732,46
Gross heating area (m?) 6.660 Gross heating area (m?) 5.687
Construction cost/m? €1.128,56 Construction cost/m? £€1.084,-
Hating demand (kWh/m? a) 30 Hating demand (kWh/m2 a) 49,42

Annual heating demand (kWh) 199.800

Annual heating demand (kWh) 281.051,54

Energy cost of district heating €0,085
(€/kWh)

Energy cost of central heating €0,08
(€/kWh)

Annual heating cost £€16.983

Annual heating cost €22.484,12

Annual heating cost/m?2 €255

Annual heating cost/m?2 €3,95

Warm water demand (kWh) (50 | 1,47
|. for 1 person per day)

Warm water demand (kWh) (50 1,47
|. for 1 person per day)

Annual warm water demand 322
(kWh) (50L for 1 person per day)

Annual warm water demand 536,55
(kWh) (50L for 1 person per day)

Annual warm water cost per 1 € 27,40 (free

person energy from
solar system
40% of total
demand)

Annual warm water cost per 1 €42,92

person

Plant maintenance cost in ClimateHouse A
Standard

Solar thermal system

Warm water system
(gas fired condensing boiler )

Area (m2) 85,96 Rated output (kW) 500
Maintenance costs 2,5 €/m? £€214,90 Maintenance costs (€) £€510,-
Annual reparation costs € 240,- Annual reparation costs € 240,-

(amortization 50 years)

(amortization 50 years)

Annual plant replacement cost | € 1.124,10

(amortization 50 years)

Annual boiler replacement € 260,-

costs (amortization 50 years)

Annual plant regulation €500,-

Annual total cost € 1.579,-

Annual total cost € 1.510,-

Annual total cost/m? € 0,237

Annual total cost/m2 € 0,265

Annual total utilization cost in ClimateHouse A
Standard for 100 m?

Annual heating cost (€) 255

Annual heating cost (€) 395,36

Annual hot water cost (€) 109,6

Annual hot water cost (€) 171,7

Annual reparation and replace- | 23,71

ment (plant) cost (€)

Annual reparation and replace- | 26,55
ment (plant) cost (€)

TOTAL (€) 388,31

TOTAL (€) 593,61

The difference of construction costs between the above compared building units per 100m? is equal
to € 4.455,93 and the difference of annual total utilization costs is € 205,30
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Investment
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3.6. Killer arguments (K)
and opportunities (O)

K: Starting from the output of cost analysis, in
this specific case of study, it is possible to define
the percentage ratio derived from difference of
construction costs between these buildings in
energy performance A and B classification. The
following graph shows that considered building
in energy performance A costs 21% more than
the similar building in energy-efficient standard
B.

Construction costs in energy performance A
and B

+21%

Building in Standard A Building in Standard B

K: ,The payback period for a project is the
length of time it takes to get your money back. It
is the period from the initial cash outflow to the
time when the project’s cash inflows add up the
initial cash out-flow. The payback period is also
referred to as the payoff period or the capital re-
covery period” (PP.Peterson, F.J.Fabozzi,2002).

The conclusions of payback period and break-
even point for this specific case of study are pre-
sented by following table and graph.

BREAK-EVEN ANALYSIS

Break-even point
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Year | Exp. Cash Accumulated | Investment
End Flow (5% Cash Flow of € 4.455,93
increase/
year)
1° | €205,30 € 205,35
2° | €215,56 € 420,91
3° | €226,34 € 647,26
15° | € 406,48 € 4.430,11
16° | € 426,80 € 4.856,91 the invest-
ment is paid
back (BEP)
17° | €448,14 € 5.305,05
23° | €600,55 € 8.505,69
24° | €630,58 €9.136,27 the profit
has excee-
ded the
initial capital
25° | €662,11 €9.798,38
48° | €2.033,69 € 38.601,49
49° | €2.135,37 € 40.736,86
50° | €2.242,14 € 42.979,00

The economic analysis of an investment show
the cash flow in next 50 years. The expected cash
flow derives from the difference of utilization
cost (heating cost, maintenance and repair costs)
per year between two units of 100 m? in energy
performance A and B. It is considered that the
energy rates will continue to increase given that
fuels which is most used such as natural gas is
non-renewable. The question is by what amount
will the energy cost increase? In this example is
used a fairly safe estimate index of a 5% increase
(including also the rate of inflation) per year for
the next 50 years.

In the analysis process the measure of the econo-
mic life of this investment in terms of its payback
period is 15/16 years. It means that the capital
return per year from the start of the project un-
til the 15/16 years of accumulated cash flow is
equal to the cost of the investment. After that,
in 23/24 years it will be possible to have a profit
equal to an initial capital.

K: From the previous results, limited to one spe-
cific case of study (only two building suitable
for comparison) stand out that the difference of
construction cost between ClimateHouse Stan-
dard A and B is equal to 21%.

Is it more attractive to buy the apartment in en-
ergy performance A or B? Considering that the
lifetime of a building is equal to 50 years and
reasonable payback time for this type of invest-
ment is 25 years, the choice of a real estate in
ClimateHouse standard A rather than Climate
House standard B is profitable.
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O: The economic valuation of high-energy per-
formance buildings could be exploited also in
other cases with different: energy-efficiency clas-
sification; construction typology, building typo-
logy.

O: The statistic data (based on this case of study)
demonstrating the short payback period and the
widen period of profit, could be an encouraging
input to put on the market high-energy perfor-
mance apartments.

O: The building in Climate House A is characte-
rized by a very low heating demand, therefore
would save on heating costs, improve the ther-
mal comfort and in the future increase the value
of real estate.
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4.1 General framework

In discussions about Passive Houses, often an
image of a high-tech house, with no heating and
very little freedom to design, comes into mind.
Since a Passive House is meant to achieve cer-
tain goals by following certain rules, this seems
to also become the main direction for the de-
sign, its architecture and aesthetics. The follow-
ing paragraphs discuss the following questions:
the boring or dull architectural design of Passive
Houses and the sad or unattractive name of a
.Passive” House.

4.1.2 Boring/ dull architectural design
Objective

The goal of the report’s following part is to en-
counter presumed problems regarding the ,Bo-
ring architectural design’ of Passive Houses. The
presumed problems are described and then
compared to current facts and studies. Propo-
sitions for solutions, killer arguments, and/ or
opportunities are provided for each part of the
discussion.

The next chapters cover the compact design
of Passive Houses, including their flat roofs and

4.2 Analyses
Compact design, flat roof, and thick walls

In addition to direct external solar gain to cover
the main part of the space heating demand, Pas-
sive House buildings also conserve the energy
that is produced inside (by electrical equipment,
household appliances, and people). Once ener-
gy has entered the space or has been emitted
there, it has to be kept as efficiently as possible.
Using a compact design first of all minimizes the
surface area through which heat could transmit
and get lost. The compact design also reduces
the volume that has to be heated, so less energy
is needed. Adjusting the ‘thermal surface-to-en-
ergy reference area-ratio’ (basically the surface-
to-volume ratio ,S/V') therefore affects the
heating demand. Thus, often the chosen, more
simple and compact form reduces the overall
energy demand. Adjusting the S-/V ratio, pro-
portionally changes the heat demand at a rate
of about 1:1 (cf. Brunner, 2010, p.32ff). While the
energy used for space heating and warm water
is reduced by minimizing the volume that has to
be heated, the usable floor area should also be
maximised. The compact design usually leads to
simplified construction, i.e. to less cost spent on
complex construction (cf. Brunner, 2010, p.32ff).
It simplifies the detailing of connections, cor-
ners, edges, ridges, etc. In this way, junctions can
be sealed more easily and reliably, and the goal
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4. Architecture and aesthetics
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thick walls. Also, the Passive House approach to
window openings is given below, as are technical
installations that have an impact on the external
appearance of the building. The last section will
provide information about the variety of Passive
Houses and their blending in with the context.

Presumed problems

Constructing an energy efficient Passive House
means to be limited to certain principles to
achieve the demanded performance, particular-
ly a good surface-to-volume ratio that is mani-
fested in a compact building. These rules restrict
the architectural design and variety of newly built
Passive Houses. Passive Houses consist of flat
roofs, thick walls, and thus deep reveals (cf. kil-
ler argument ,Bad lllumination’). Light enters the
building via large window openings on the south
facade, but no or only small window openings
are facing north. Often, photovoltaic elements
and/ or solar collectors are found on the roof or
the facade, and ventilation channels or shafts are
visible, thus a Passive House can be easily iden-
tified. With the mentioned parameters, Passive
Houses do look very alike, and often they don't
fit their urban context (e.g. conventional homes).

of an air-tight building according to the Passive
House standard can be achieved also more ea-
sily. Thermal bridges are reduced, and particular
planning of the structure avoids shading those
windows, which are meant for solar gain.

As the Passive House is relying on passive me-
thods to provide heating (e.g. solar energy,
MVHR), a heating fuel tank or gas tank is no
longer needed. In turn, the space that would be
needed for this type of conventional heating can
be used otherwise. (cf. Graf, 2003, p.8)

The flat roof is often part of the compact design
approach and also imparts the modern spirit. It
reduces the roof area, through which heat could
be lost. Instead of the low-ceilinged and inclined
attic of a pitched roof, the rectangular section
of the space under a flat roof provides fully us-
able space. In winter, the snow stays on the roof
and even provides additional insulation (cf. BFE,
2001).

As the flat roof is well-insulated, so are the
walls. The wall thickness is the outcome of the
constructional part and an additional insulation
thickness of 25-40cm. Thus, the total width of
a Passive House wall becomes easily about 40-
55cm. In this way, Passive House walls achieve
the recommended U-values of less than 0,16 W/
m?K to fulfil the principle of extremely low ener-
gy losses (cf. Graf, 2003, p.12ff). The ,EnergyBa-
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se’ office building in Vienna, Austria, makes use
of an only 31cm thick lightweight wood construc-
tion (cf. Brandstéatter, 2009, p.60-64) to achieve its
overall efficiency.

As the thoroughly insulated shell of a Passive
House building keeps thermal energy within its
envelope (the thermal losses are minimised), in-
ternal heat sources (people, electric equipment
and appliances, i.a.) are more influential than in
conventional buildings, where in general more
heat is lost. (cf. Graf, 2003, p.9)

As the standard of a Passive House does not re-
quire certain materials, constructions or designs
(cf. Graf, 2003, p.12), but energy efficiency values,
it is up to architects and planners to achieve the
required energy efficiency performance. Howe-
ver, it might be desirable, to keep the construc-
tion as thin as possible, so use the maximum net
area of the space given by regulations or zoning.
To reduce the wall thickness, the application of
vacuum insulation panels is a good option. In the
IEA/ECBCS Annex 39 — High performance Ther-
mal Insulation’ several institutions and authors
researched vacuum insulation in the building
sector. ,For buildings most of the vacuum insu-
lation panels (VIP) activity is still in the R&D pha-
se with some demonstration projects. Germany
and Switzerland are the only countries where a
market in its early stage has been established.
Almost exclusively fumed silica boards are being
used. Fumed silica with a thermal conductivity of
about 0,004 W/(m-K), meaning 4cm of VIP achie-
ve a U-value of 0.1 W/(m?2K) [for comparison, e.g.
rockwool with a thermal conductivity of about
0.04 W/(m-K) would have to be ten times as thick
(40cm)] is the best core material due to the small
size of the pores and the low heat conductivity
of the powder. There are only three producers
of fumed silica in the world, and two of them are
large EU companies: Wacker (Germany), Cabot
(USA) and Degussa (Germany)” (IEA, 2005, p.7f).
Today's interest in VIP technology rises, but a
wide use of vacuum insulation is still hindered
by the high price and the lacking confidence in
VIP technology and its use in building applica-
tions (cf. IEA, 2005, p.107). The panels have to be
handled with extensive care, so the highly sensi-
tive envelope is protected, and the vacuum can
be maintained. Also the panels must be planned
and executed precisely, since once produced,
the panels cannot be altered in shape or size (cf.
IEA, 2005, p.62). Furthermore, it must be possi-
ble to exchange a single panel in case of failu-
re (cf. IEA, 2005, p.4/9/811). If a panel fails, the
thermal conductivity is reduced, and so the U-
value of the whole structural element is reduced
to about 50% (cf. IEA, 2005, p.27-79). Monitoring
the panels and providing ‘backup’ insulation
to avoid temperatures below the dew point in
certain places would help out in case of failure.
Other obstacles are missing quality assurances
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or product approvals for VIP and VIP based sy-
stems for buildings (cf. IEA, 2005, p.108).

Window openings

In general, windows provide the interior with na-
tural daylight, the determine views and connect
the outside with the inside, thus extending the
percept space beyond the boundaries of the
building itself. In a Passive House, even as win-
dows are highly insulated, they are still the most
crucial part of the building’s envelope as they
achieve significantly higher (= poorer) U-values
than opaque surfaces. Hence, there is generally
more energy lost passing through the windows
than through walls.

If the design foresees large window openings,
the energy loss also becomes larger. In the case
of orienting large glazing areas towards the
equator, however, the heat loss is compensated
by greater heat influx (which is accordingly hig-
her on large than on small windows). Orienting
windows to the south takes advantage of the free
and passive solar energy that also contributes to
the heating. Facing windows east or west, howe-
ver, can more easily lead to overheating in sum-
mer while providing less solar gains during the
heating period. ,Windows need careful plan-
ning and, where necessary, appropriate sun pro-
tection. The window specifications needed to
achieve the Passive House standard depend on
the local climate conditions” (iPHA, 2010a, p.9).
Since there are many different types of glazing
units available, the right one for each occurring
situation can be chosen, e.g. double glazing on
the south fagade for more solar influx, and high
performing triple glazing on the other sides of
the building to minimize thermal energy loss (for
further aspects of windows, their elements, and
installation, refer to killer argument ,Bad illumi-
nation’). Built examples as the Passive-Energy-
Standard Housing in Salzburg, Austria show, that
the Passive House standard can also be achieved
by treating the windows equally on both sides of
the building - the southern side and the northern
side. (cf. Detail 6/2007, p.652ff)

Technical installations (e.g. ventilation chan-
nels/ shafts, thermal solar collectors, or pho-
tovoltaic panels)

A Passive House makes no use of a conventio-
nal heating system (e.g. burning fuel to produce
heat), but receives its heating by passive solar
influx and the heat recovery unit of its mechani-
cal ventilation. Basically, one technical system is
traded for another more efficient one. Therefore,
chimneys and fuel storage tanks (and the space
which is needed to install them) are not nee-
ded any more. Sometimes ventilation channels
or shafts can be noticed. They provide the me-
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chanical ventilation with heat recovery (MVHR)
system with geothermic preheated incoming air.

Additionally - often to provide warm water —
thermal solar collectors can be installed at the
roof or the fagade. As the direct solar influx for
space heating, they also make use of the free
solar energy to heat water that is used in the
building.

Since almost every building is in need of electrici-
ty, some builders or investors install photovoltaic
elements, to cover some or even all of the elec-
tric power they consume. Often the investment
is taken to qualify for subsidies or in case the
building is located remotely and not connected
to the power grid. One example for the latter is
a refuge on the mountain Hochschwab, Austria,
at 2.154m. Due to its high alpine surroundings it
has to be self-sufficient and also take ecological
care in regard to its sewage. According to the
Passive House concept, e.g. it is optimised to ef-
ficiently use solar energy. (cf. Treberspurg/ Hof-
bauer, 2006, p.22ff) (cf. Detail 6/2007, p.624-627).

In an optimal planning process, the requirements
of a Passive House can be met with conventional
elements (cf. Menti, 2009, p.26-32).

Variety and context

The concept and standard of a Passive House
is restricted to specific energy efficiency. These
limits place all Passive House buildings in the
same process, to meet the required standards.
Even if the goal is the same, the ways to get
there are manifold. Passive House technology is

4.3 Killer arguments (K)
and opportunities (O)

The standard of a Passive House is restricted
to specific energy efficiency (a limited heating
load of 10W/m? of living area, in Central Europe
that equals a maximum space heat demand of
15 kWh/m?a. Also, total primary energy is limi-
ted to 120 kWh/m?a, and excessive temperature
frequency must be less than 10% - over 25°C; air
tightness must be less than 0.6 times the house
volume per hour with the building pressurised to
50Pa by a blower door.) (cf. IEA, 2008, p.67). How
to achieve these ,hard factors’, is up to planners,
engineers, and architects. It has mainly been
implemented on the residential building sector,
but the numbers in other uses and public buil-
dings are also growing (cf. Menti, 2009, p.26-32).
Nonetheless, having emerged in the beginning
of the 1990s - at about 20’000 Passive Houses
built until today (cf. iPHA, 2010b) - the Passive
House seems to still be an innovative concept.
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not restricted to specified shapes or materials.
Every architectural style and every idea of dwel-
ling can be put into practice, no matter if it is
a mansion, a residential home, a high-pitched
roof, or a cube. The question of ,how to live?’
is not limited either. Modern open floor plans
with flowing transitions of spaces are as possible
as a rather closed floor plan with strictly divided
rooms. Construction material can be used as di-
versely (cf. Graf, 2003, p.7). While, often, residen-
tial Passive Houses are being built in the Passive
House standard, other types of use and public
buildings are also possible and even refurbish-
ment projects can meet the Passive House
standards (e.g. the former Post Office building
in Bolzano, Italy). As designing a Passive House
building leaves freedom to layout, size, placing
the windows etc., it is possible to blend into the
urban context while achieving the energy values
with rather subtle measures. It is also possible,
and that is maybe where the boring image of a
Passive House came from, to focus solely on the
energy efficiency of the structure, the orientation
etc., and thus the architectural design was rather
neglected.

Not to forget, there might also exist building
codes and restrictions which dictate very speci-
fically, where, and how to place a building on the
site. Again, these still leave many possibilities to
planners, investors, and architects for how to re-
act and design.

As mentioned earlier, sometimes, remote loca-
tions even predetermine the use of an autarkic
concept as the Passive House.

Compact design, flat roof, and thick walls

K: A compact design minimizes the surface area
through which energy could transmit. Thus, it
reduces the volume within the complete ther-
mal envelope. Less volume has to be heated
while the maximum usable net area is provided.
Through simpler construction, fewer costs are
spent. A less compact design can be compen-
sated for by other means (e.g. better insulation,
more efficient use of passive solar energy, buil-
ding service engineering, etc.) (cf. Menti, 2009,
p.26-32).

K: The flat roof is part of the compact design ap-
proach. It also minimizes the roof area while pro-
viding a fully usable space underneath. It imparts
the modern spirit, i.e. innovation.

K: The wall thickness is due to energy efficien-
cy which can be achieved by the application of
25-40cm of insulation. An alternative are vacuum
insulation panels (VIP), which provide the same
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U-value at about a tenth of the thickness. VIPs
are very innovative and mostly still in the R&D
phase. Using VIPs, it must be considered to take
precautions measures as monitoring the panels,
and replace them in case of failure. They must
be handled with care and need correct plan-
ning since the cannot be altered on-site. Very
good protection is given, if VIPs are part of a
pre-fabricated element, e.g. wood modules (cf.
FIZ, 2007) (cf. FIZ, 2004). Used in prefabricated
manner, they are a slim alternative, especially for
refurbishment projects (cf. FIZ, 2008). Further de-
velopment is expected.

O: To compensate for thick walls, zoning para-
meters could be adjusted, to enable builders
to not loose net area due to the thicker perime-
ter of the building. E.g. the site coverage index
could be adapted.

O: It is up to planners, architects and advisors
to find the best balance among architectural
solutions (building aesthetics, functionality, com-
position) and energy efficiency. There is the big
opportunity to promote Integrated Design Pro-
cess with two main needed professional skills:
IDP facilitation (managing the process, from
concept to continuous commissioning), dynamic
energy simulation (quantitatively supporting the
process).

Window openings

K: Window openings of a Passive House provi-
de daylight and view. They are not needed for
ventilation any more, but they have to comple-
te the thermal envelope of the building. Triple,
quadruple or vacuum glazing can achieve low
Uw-values. Large windows should be facing
south, since the solar influx in one year more
than compensates for the heat loss via the glass.
Also, overheat protection must be considered
through particular balancing solutions (e.g. ven-
tilation, sun protection, heat storage medium)
(cf. Menti, 2009, p.26-32). New products are
being developed, that reduce the dimensions of
the window frame. Overlapping the frame with
insulation provides less thermal loss while show-
ing less of the frame from the outside.

Technical installations (e.g. ventilation chan-
nels/ shafts, thermal solar collectors, or pho-
tovoltaic panels)

K: In many cases, a Passive House is heated by
passive solar influx and an MVHR unit. A venti-
lation channel/ shaft through the ground would
pre-heat the incoming air (or pre-cool it in sum-
mer). This system guarantees hygienic air renew-
al, while minimising energy losses via ventilation.
However, air heating is not mandatory. (cf. Menti,
2009, p.26-32)

K: Thermal solar collectors are an option to pas-
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sively use the sun to heat water for different uses
(or another liquid as transfer medium). Their
use has advantages since renewable energies
are put into calculation with lower impact; thus,
they improve the overall performance (cf. Menti,
2009, p.26-32). BIPV (building Integrated Photo-
Voltaics) components can reduce the impact on
architectural language [http://www.iea-shc.org/
task41/]

K: Photovoltaic elements can provide electric
power to the building or put the produced po-
wer into the public grid (e.g. for receiving sub-
sidies or as the energy strategy of an Energy
Saving And Producing (ESAP) building).

BIST (building Integrated Solar thermal collector)
components can reduce the impact on architec-
tural language [http://www.iea-shc.org/task41/]

Variety and context

O: As many publications show, the variety of
Passive Houses designs is great. Passive House
components do not have to look like they were
applied isolated from the overall design of the
building they are given to. Early on in the plan-
ning process, many architects and planners com-
mit to the Passive House standard. Thus, with an
early integrated approach, the advantages of
Passive House components and philosophy can
be combined with ambitious architectural de-
sign. As different as are situation and planners,
so are Passive Houses (e.g. refer to www.passive-
housedatabase.eu, www.passivhausprojekte.de,
current publications).

O: As some sites are quite remote, the autarkic
system of a Passive House is an excellent option
to construct a self-sufficient building “off the grid’
within such a context. (cf. Sulzer, 2009, p.46-50)

Further opportunities

O: All parties involved (builder, planners, ar-
chitects) need to commit to the Passive House
standard from the very beginning of the design,
since upgrading a low-energy house to a Passive
House often leads to disproportional higher ex-
penses. (cf. Menti, 2009, p.26-32)

O: If architects and engineers are new to the en-
ergy efficient building sector, they might need
assisting professional expertise. They need to
consciously integrate energy (= cost) matters
from the very start of the designing and develo-
ping process. For example, the quality and form
of the envelope (air-tight, well-insulated, triple
glazed windows, reduced/ no thermal bridges) is
a crucial element concerning energy saving and
conservation. (cf. Ragonesi et al., 2009, p.6,8).
To catch up on new developments and imple-
mentation strategies, advanced training for ar-
chitects and planners is available (in Switzerland,
e.g. for the Minergie-P standard. As planners im-
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prove their knowledge, also owners or users of
Passive House buildings need to be informed on
how to run a Passive House in an energy efficient
manner. (cf. Menti, 2009, p.26-32)
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5. Sad/ unattractive name

Editor: Lucerne University of Applied Sciences and Arts — Engineering & Architecture on behalf of ZVDK

5.1 General framework
Objective

The following paragraphs engage the 'Unat-
tractive/ poor name’ that is given the ,Passive’
House. The presumed problem of negative
connotations to the term ‘Passive House' is dis-
cussed, several facts are reviewed, and sugge-
stions, killer arguments and/ or opportunities are
indicated.

The discussion takes on the Passive House con-
cept, the Passive House standard (certifications,
label and trademark), the promotion of the label,
and subsidies. Also the reference to the concept
of Energy Saving And Producing (ESAP) buil-
dings is given.

5.2 Analyses
Concept and standard

The concept of a Passive House refers to its abi-
lity, to maintain comfort by means of passively
‘receiving’ energy (another meaning of the ex-
pression ‘passive’ — instead of ‘active = giving’)
and very efficiently using the energy.

On the question ,What is passive about a Passive
House?, the International Passive House Asso-
ciation answers: , The heating system. A Passive
House doesn't need to be heated actively, be-
cause it essentially uses passive heat gains to
heat itself. This way, only a minimal amount of
additional heat needs to be supplied. This con-
cept is based on excellent thermal insulation and
a highly efficient heat recovery system. The heat
stays inside and doesn't need to be provided by
an active system. The 'passive’ principle is well
known in engineering, it is an effective strate-
gy to securely, reliably, and efficiently achieve a
goal. ‘Passive security’, ‘passive filters’, ‘passive
cooling’, and 'Passive Houses' are examples of
the successful implementation of this principle.

Of course, all these technical applications are
not exclusively ,passive’ in the proper sense of
the term; minor intervention is inevitable for
directing the respective process towards the
desired course. It's not about ,letting it happen’,
but rather about controlling processes in such a
way that a certain goal is achieved with minimum
effort, as if it were happening all by itself.”(iPHA,
2010, p.8)

Furthermore, the term Passive House is referred
to as certain energy efficiency standard. The en-
ergy demand and efficiency has to be calculated
with the Passive House Planning Package (PHPP)
tool. For a residential building the numbers are
as follows:

ENERBUILD: Final Result 5.3
Killer arguments and opportunities

Presumed problems

The word "passive’ brings several negative con-
notations. A web search on synonyms lists ex-
pressions as resigned, non-resistant, motionless,
influenced, apathetic, dull etc.(http://synonyme.
woxikon.de/synonyme-englisch/passive.php). If
the term ‘Passive House' is promoted — espe-
cially to people without professional knowledge
about the philosophy and the context of Passive
Houses, on the first sound, these connotations
might come into mind.

« Specific space heat demand
max. 15 kWh/m?a

« orheating load max. 10 W/m?
« Pressurization test result n50 max. 0.6 h/1

« Entire specific primary energy demand incl.
domestic electricity max. 120 kWh/m?a

Is the required performance achieved, the certi-
fication as ‘Quality Approved Passive House' can
be awarded. (cf. PHI, 2009, p.1) Therefore it is
guaranteed, that the construction is very energy
efficient and the energy consumption is very low.

Promotions and subsidies

From 2005-2008, the ,Promotion of European
Passive House' (PEP) introduced the term and
concept Passive House to several European
countries. The ,project aimed at the develop-
ment of easy accessible web based documen-
tation for stakeholders in the building process
to solve national market introduction barriers.
The project also aimed at the distribution of this
information via international and national work-
shops, seminars and conferences. It can be con-
cluded that the PEP-project has been successful.
All  participating countries made significant
progress in the societal embedding process of
Passive Houses and in most countries the Pas-
sive House concept is on the brink of breaking
through nationally. Further, the PEP-project con-
tributed successfully in the internationalisation
of the Internal Passive House Conference and
fixed the definition of a Passive House for three
geographical European regions. Finally, the PEP
website with its wealth of information was a po-
werful tool for promotion of Passive Houses in
Europe.” (Elswijk, et al, 2008, p.4)
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Also agencies are rising, which disseminate the
knowledge of low-energy buildings, Passive
Houses, and other aspects of the emerging
mega trend sustainability.

Since the low energy consumption and the
ecological aspects of Passive Houses are quite
attractive, some cities already released regulati-
ons, to meet the Passive House requirements for
newly built public buildings. Thus the image of
innovation, responsibility, sustainability, and fu-
ture orientation of the city and its administration
are also promoted as the Passive House (name,
concept, label, energy standard, quality certifica-
tion, etc.). E.g. Frankfurt am Main, the ,Passive
House Capital of Germany’, decided to carry out
new public buildings according to the Passive
House standard.(cf. Schulze, 2010)

Since there are additional costs for a Passive
House that might hinder (private) builders, e.g.
the German KfWBankengruppe offers Passive
House loans with lower interest rates. (cf. KfW,
2002)

5.3 Killer arguments (K)
and opportunities (O)

Concept and standard

K: An essential part of the Passive House con-
cept is its ,passive’ heating. It needs no conven-
tional active heating. The ,passive’ refers to the
ability that a Passive House building is control-
ling its passive energy incomes in such a way that
its goals are achieved with minimum effort. E.g.
heat is rather kept as efficiently as possible than
produced.

K: The ,Passive House Standard’ is defined by
the building’s amount of energy consumption.
Thus, a certified label and trademark can be
awarded to buildings and building elements
(e.g. windows), which perform accordingly.

Promotions and subsidies

K: The term ,Passive House' was promoted in
several European countries during 2005-2008.
Thus, awareness has risen and knowledge about
the standard and concept is directly linked to the
term ,Passive House'.

K: Some cities (e.g. Frankfurt am Main, Germany)
commit themselves to the Passive House stan-
dard by having decided to build public buildings
according to this standard. Also, other cities pro-
vide special low-interest loans or other subsidies
for builders of Passive Houses. In this way additi-
onal costs are compensated for. (cf. Menti, 2009,
p.26-32)
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Some cities even offer loans without interests, or
direct financial funding (e.g. the German cities
Walldorf and Oldenburg) (cf. Walldorf, 2010) (cf.
Oldenburg, 2010).

ESAP concept

Taking the Passive House concepts and stan-
dards to the next level, ESAP buildings rely on
the approved methods and low energy con-
sumption of the Passive House. In addition, an
ESAP building ,produces at least as much pri-
mary energy as it consumes during one year of
heating, cooling, lighting, hot water, ventilation
and all electric appliances.” (Rhénealpénergie,
2010, p.2ff). It thus promotes a rather ‘active’ ap-
proach than the term 'Passive’ House.

ESAP concept

O: Taking the Passive House to the next level,
an ESAP building actively produces energy. Its
building standard is based on the Passive House
standard for energy efficiency and energy con-
servation (e.g. high performance insulation,
compact design). Additionally, it also directly
produces at least as much energy as it consumes
during one year.

ENERBUILD: Final Result 5.3
Killer arguments and opportunities



5.4 Literature

[Elswijk, et al, 2008] Elswijk, Marcel; Kaan, Henk
(project coordinators): Promotion of European
Passive Houses. Partially supported by the Euro-
pean Commission under the Intelligent Europe
Programme: EIE/04/030/507.39990; http://erg.
ucd.ie/pep/pdf/European_Embedding_of_Pas-
sive_Houses.pdf (17.12.2010)

[iPHA, 2010] International Passive House As-
sociation (Ed.): Active for more comfort: The
Passive House. http://www.passivehouse-inter-
national.org/  index.php?page_id=73&levell_
id=70(16.12.2010)

[KfW, 2002] KfW Bankengruppe: KfW hat den
Bau von 1.800 Passivhdusern geférdert — Konse-
quente Weiterentwicklung des Niedrigenergie-
standards. http://www.kfw.de/DE_Home/Presse/
Pressearchiv/bis11.2005/Pressemitteilung23011.
jsp (17.12.2010)

[Oldenburg, 2010] Stadt Oldenburg: Preisnach-
lass beim Kauf stadtischer Baugrundstadte fur
energetisches Bauen. http://www.oldenburg.de/
stadtol/index.php?id=2865 (17.12.2010)

ENERBUILD: Final Result 5.3
Killer arguments and opportunities

[PHI, 2009] PassivHauslnstitut: Certification as
,Quality Approved Passive House, — Criteria
for Residential-Use Passive Houses. Darmstadt;
2009; http://www.passiv.de/07_eng/phpp/Crite-
ria_Residential-Use.pdf (17.12.2010)

[Rhénealpénergie, 2010] RhénealpénergieEn-
voronment (Ed.): Common Definition of , Energy
Saving & Producing Buildings” —result of the En-
erbuild main action 7.1; 2010

[Schulze, 2010] Schulze, Rainer: Das Passivhaus
Uberzeugt Skeptiker nur langsam. Frankfurter All-
gemeine FAZ 16.03.2010; http://www.faz.net/s/
Rub5785324EF29440359B02AF469CB1BB8CC/
Doc~E2CCEF92C9FD44FEB?47AB66AS6CATAC
F~ATpl~Ecommon~Scontent.html (17.12.2010)

[Walldorf, 2010] Stadt Walldorf: Forderricht-
linie der Stadt Walldorf — Errichtung eines
Passivhauses. http://www.walldorf.de/index.
php?anzeige=passivhaeuser (17.12.2010)

Page 33 of 39



6. Daylighting

Editor: EURAC

6.1 General framework

As Passive Houses often rely on passive so-
lar gains through their windows to reduce the
heating demand, in general, they should be
equipped with accordant glazing that also pro-
vides good day lighting. If the window surfaces
are large, they can collect solar gains well, but
the same instance could also result in seasonal
overheating. Therefore, a thoughtfully designed
shading system in connection with precise appli-
cation of matching glazing qualities could pro-
vide adequate heat protection, while keeping
energy inside.

Bad illumination
Objective

The next paragraphs deal with ,Bad illumination’.
As the Passive House needs certain construction
methods to achieve its overall energy efficiency,
several consequences regarding the illumination
are occurring.

The important factors triple glazing, thick win-
dow frame, and deep reveals are covered in the
following chapters. It is discussed, how these

6.2 Analyses
Architecture

Architecture mediates the boundary between
the external environment and the human body,
and therefore whether the body is able to fulfil
its needs from the environment, such as those
for fresh air and light. The human internal clo-
ck naturally runs to a different period than the
social and solar twenty-four-hour day (Lockley,
2002). Disruption of the circadian system i.e. by
insufficient quantity of or inappropriately timed
light can cause considerable stress. Daylight is
best suited to achieving the spectrum needs of
circadian light cues while remaining within com-
fort levels (Gochenour, 2009).

Architecture becomes an important component
when one realizes that many vital components
of daylight — intensity, timing, and spectrum —
are mediated through the form of surrounding
structures. Intensity of light is determined by
the size and shape of openings, the light trans-
mitting qualities of the glazing chosen, the pre-
sence and sizing of shading, the size and shape
of the space being lit, the global location and
position of the overall building, and the depth
and orientation of the light receptor, such as the
eye or a luxmeter. Timing is arbitrated by the
orientation of the building and the shape of the
openings; for example, a southeastern facade in
the northern hemisphere will receive much more
morning light than evening light. (Gochenour S.
J, 2009).
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factors contribute to the natural lighting of a Pas-
sive House, contextual facts are given, and sug-
gestions, killer arguments and/ or opportunities
are pointed out.

Presumed problems

Due to energy reasons, the windows of Passive
House buildings are usually implemented in tri-
ple glazing quality. They do not let daylight pass
without influence, since the glass is coated with
a low-emissivity film (to reflect a chosen part of
the solar spectrum and also interior heat radia-
tion on the inside) and the gap spaces are filled
with inert gas to provide the thermal boundary
of the envelope with low U-values. Also, the win-
dows come with thick frames that are due to the
insulation level of the Passive House standard.
Furthermore, as the windows are integrated in
thick insulated walls, they create deep reveals
that reduce the angle of daylight incidence.

Altogether, these parameters are presumed to
compromise both, the quality of daylight on the
interior and the amount of incoming daylight.

Floor/window configuration, masking condi-
tions, orientation, presence/absence of a partiti-
on, blind usage, distance of the sensor from the
window, wall reflectivity, and user viewpoint were
the most important design parameters. While it
is not new knowledge that white paint leads to a
brighter space, it is notable that white paint alo-
ne can result in an increase in daylight autonomy
of 15,1%, this means there would be 55 more
days a year, or almost two months, when circadi-
an needs would be met. The next most powerful
single factor in achieving sufficient daylight for
circadian cuing was distance from the window.

The drastic improvements observed when going
from basement apartment to top floor apart-
ment accounting for the randomized viewpoint
suggests that it is unwise to place apartments
in the basement at all. Perhaps this space could
be used for services, such as laundry facilities or
storage. It is also apparent that removing par-
titions in the living space creates an apartment
that is more evenly and more fully lit. It is also
recommended to orient living spaces used fre-
quently in the morning —i.e. the kitchen and be-
droom — so that occupant viewpoints are most
often toward the east. Placing the workspaces,
such as counters and sink, on the eastern wall
may result in brighter light being received in the
morning, a time when circadian rhythms relating
to alertness and metabolism are relatively easy
to set for the entire day. If this scheme is follo-
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wed, glare control becomes very important. If
possible, living spaces should be oriented south,
regardless of primary street orientation. Even if
the house at large faces north, what is decided
to be the ,dominant” living space should pro-
bably be placed in the southern half of the buil-
ding, such that users can receive direct sunlight
as well as reflected sunlight through the glazing.
(Gochenour, 2009)

Triple Glazing

Windows create a connection between the in-
side and the outside world of a house. While
they let sunlight enter the building, they also
must keep the heat inside. Especially in the case
of a Passive House which provides its heating wi-
thout conventional heat sources. Thus, the win-
dow frames are well-insulated and triple glazing
is used.

Standard double-glazed units are coated with
ultra-thin silver and filled with inert gas argon; in
comparison, excellent triple glazing is filled with
krypton. (For an overview refer to the table be-
low.) Considering the quality of daylight, which
enters the building via a triple-glazed window,
the overall energy transmittance g-value and
the light transmittance Tv come into account. As
both values are connected - and a low g-value
is desirable to keep heat inside the house - the
light transmittance also becomes less. As the ta-
ble shows, the light transmittance is reduced by
about 10% (from double-glazed insulation glass
to triple-glazed insulation glass).

The German window manufacturer Sanco de-
scribes similar values: thermal triple glazing can
provide values of light transmission at 73-75%,
with an energy transmittance ratio of 60-64%, at
an U-value of 0.6-0.8 W/m?K. While improving
the thermal performance, triple glazing adds to
comfort with its warm inner surface. The room
temperature may even be reduced, since there
is no longer a significant radiation exchange bet-
ween the inner surface of the window and the
interior air temperature. (cf. Sanco, 2010)

Research on the impact of glazing on human
well-being has shown that glass can also act as
an optical filter which reduces the spectral trans-
mission asymmetrically and thus shifts the colour
temperature. The Centre for Building and Envi-
ronment of the Danube University Krems tested
different types of glazing. While a single pane
of float glass almost had no effect on the spec-
tral range, double and triple insulation glazing
showed measurable changes. The also tested
thermal triple glazing with laminated safety glass
showed remarkable filter characteristics which al-
most completely eliminated certain wavelengths
of light. Even the results were revealing. There
was no confirmation of any disturbance on the
biological perception of time (biological clock)
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with either type of glazing. If a very efficient ther-
mal glass or lower-graded glazing with different
coatings would have been used, this could have
had a significant impact. (cf. Pircher et al. 2009,
p.92)

Type of glass Glass/ cavity / Glass | Ug-value | g-Value Tv Light

in mm, W/m?2K Overall transmit-

# = position of low-e energy tance

coating transmit-

tance

Double glazing, | 4/12-16/#/4 14-11 1063-0,53 |080-0,75
argon
Triple glazing, | 4/#/8-12/4/8-12/#/4 | 0,7 -0,5 | 0,55-0,47 | 0,72-0,68
krypton
Vacuum 4/0.7/#/4 0,5 0,54 0,73

Typical values of common glazing systems

(The listed vacuum glazing has a relatively high g-value, compared to the triple
glazing, since it only makes use of one low-e coating.) (cf. FIZ, 2008, p.3)

As mentioned above, colour and quality of
the low-e coating are also responsible for the
perception of incoming daylight (i.e. the view to
the outside). Low-e coatings provide low emissi-
vity, meaning a high thermal reflection and at the
same time a low emission of thermal radiation. In
this way, heat influx is reduced in summer while
in winter thermal radiation, to a high degree, is
kept within the interior. Metallic coatings of e.g.
gold, silver or copper reflect infrared radiation,
while still allowing the transmittance of visu-
al light. Due to its low change to colour at the
highest light transmittance rate, silver coatings
are the predominant low-e coating on the mar-
ket. (cf. Junker, 2006a)

Adjusting the metal alloy for the coating, a ,se-
lective’ low-e coating can also be applied, and
thus filter certain portions of the spectrum. (cf.
Junker, 2006b)

On the market there also exists glass which uses
the ,electrochrome’ effect. Due to its nano struc-
tural coating, the electrochromic laminated pane
can be tinted blue in several stages if a small
amount of electric current is applied. In this way,
the light transmittance of a standard insulated
glazing can be set between 15-50%. This special
effect can be combined with other applications
(e.g. coatings) as well. (cf. DMID, 2010) (cf. ECon-
trol, 2010)

Tinted glass acts similar to the low-e coatings.
Bronze tint or other spectrally selective tint in-
fluences the part of the energy spectrum which
is reflected and which can transmit the glass.
For example, ,a glazing designed to minimize
summer heat gains, but allow for some natural
lighting, would allow most visible light through,
but would block all other portions of the solar
spectrum” (CSBR, 2007)

The thoughtful consideration of the combinati-
on of tint, reflective coatings and low-e coatings,
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and their order within a glazing unit makes it pos-
sible, to react to different situations, directions,
climates, and energetic issues. (cf. FIZ, 2009a)

As an alternative to multiple glazing, the ,High-
ly Insulating Window and Fagade Systems” re-
search project undertook further development
towards vacuum-insulated glass (VIG). The two
panes of 3-4mm-thickness with an inter-pane
spacing of about 0,7 mm and a low-e coating are
bond together. Replacing the conventional gas
filling with the vacuum, this construction provi-
des glazing units that are noticeably thinner than
current double-glazed units while achieving a
heat transfer coefficient of 0,5 W/m?K. To achie-
ve the inert vacuum and still provide mechani-
cal durability, small metal cylinders function as
spacers. With a diameter of 0,5 mm, they can
only be seen against a low-contrast background
and when less than one metre away. The cor-
respondingly developed frame with its larger
insertion depth of the glass into the frame pre-
vents temperatures below the dew point at the
edge of the pane. (cf. FIZ, 2009a)

Thick window frames

Even as thermal-insulation properties of glazing
have improved, windows still remain one weak
point of a thermal envelope of an energy effi-
cient building. While the glazing unit may pro-
vide a Ug-value as low as 0,5 W/m?K with, e.g.,
vacuum-insulated glass or triple glazing with im-
proved spacers, the frame is significantly above
this value. Usually Passive House windows with
insulated frame constructions rarely achieve UW-
values below 0,8 W/m?K and these are mostly
systems with larger profiles, fittings, and increa-
sed installation depths of about 120-130mm. (cf.
FIZ, 2009a) This means their thickness is about
twice as much as e.g. a conventional wooden
frame window with a depth of about 65mm (cf.
Deplazes, 2005, p.195), still the profile elevation
is the same as at conventional window frames.
(cf. FIZ, 2003)

In general, the frame-to-glass ratio should be
chosen as low as possible, since current glazing
achieves a significantly lower U-value as the fra-
me. Is the whole window element quite small,
its frame portion becomes more important, and
the overall Uw-value of the window element is
impaired and, thus, less efficient. Using a larger
glass surface instead reduces the relative porti-
on of the frame and the whole window element
achieves a lower (= better) Uw-value (cf. FIZ,
2009b, p.4). Another main goal is also to redu-
ce the frame thickness that is exposed to cold
weather. By trend the overlapping of insulation
and window frame is preferred. The available
frame profile elevations of 120-140mm are thus
reduced to the minimum - the frame becomes
hardly visible from the outside. (cf. Ragonesi et
al., 2009, p.25, 110, 97)
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In search for a sleek and light window frame, the
,Highly Insulating Window and Facade Systems’
research project developed new types of window
frames. They consist of a high-pressure foaming
core that is covered with a plastic layer, and ma-
kes use of vacuum-insulated glass (as mentioned
above). Both, the insulation and the functional
outer layer are entirely made from polyurethane
(PU), hence, producing one piece made of one
single material, and, thus, facilitating recycling
and sorting. Also, it leaves many design and co-
lour alternatives to choose from.

Since the PU frames can no longer be welded
like conventional frames, the corners are cut and
glued together, as are the frame and the glazing.
The also newly developed adhesive hardens
within seconds and achieves its ultimate strength
after four to five hours.

This in 2009 newly developed system with the
brand name , TopTherm 90" achieves a Uf-value
of 0,68 W/m?K. Its depth is 90mm, and it is sui-
table for glass panes from 9-50mm. Using triple
glazing with a Ug of 0.7 W/m?K, the window
achieves an overall Uw-value of 0,79 W/m?K, whi-
le vacuum-insulated glazing with Ug= 0,5 W/m?K
achieves a total Uw-value of 0,67 W/m?K. The use
of VIG in this frame even results in positive heat
balance if the windows are positioned south. Al-
together, the newly developed window system
is at the energy efficiency level of Passive House
window frames, but it weighs less and is signi-
ficantly thinner. Pilot production and initial dis-
cussions with system manufacturers are currently
underway.

On the downside, a profile that is made entire-
ly from plastics cannot support mechanical loa-
ding. A thermally optimised mullion-an-transom
structure based on aluminium supports is still to
be developed. (cf. FIZ, 2009a) (cf. EnOB, 2008)

For example, the Austrian window manufac-
turer internorm® also produces sleek insulated
window frames with profile depths which range
from 86 to 97mm and achieve Uw-values of 0,63-
0,72 W/m?K (with quadruple glazing Ug = 0,59
W/m?K) to 0,69 W/m2K (with triple glazing Ug =
0,5 W/m?K). (cf. Internorm, 2010)

Deep reveals

As the Passive House standard is often achieved
by thick insulation of the walls, in consequence,
deep window and door reveals are created. Thus,
one measure could be to reduce the thickness of
the insulation without reducing the U-value of
the element. For example, the use of vacuum in-
sulation panels would be one option, the reduc-
tion of the overall depth of the wall construction
another (refer to killer argument ,Dull architec-
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tural design — Thick walls’). A further approach
could be to alter the situation of the window
within the wall. It could be positioned on the very
outside, thus becoming more or less flush with
the exterior cladding. It could be set towards the
interior side or somewhere in between. From the
energetic point of view, the window is supposed
to be installed on the inner side of the exterior
insulation. Thus it sits close to the centre of the
opening in a well-insulated wall and divides the
depth. (cf. FIZ, 2003, p.2)

If buildings are retrofitted, whether with Passive
House elements or to meet the Passive House
standard, the window should be installed as fol-
lows to prevent thermal bridges: the insulation
should overlap the blind frame of the window to
provide optimal thermal efficiency.

,If the windows are renewed (...), they should be
fitted in the insulation level in front of the window
reveal, so that thermal bridges are avoided and
window reveals don't appear to be deeper than
before refurbishment.” (cf. iPHA, 2010, p..27)

To extend daylight incidence, the exterior re-

5.3 Killer arguments (K)
and opportunities (O)

Triple Glazing

K: Triple glazing, and also quadruple glazing,
provides reliable thermal insulation at the win-
dow openings. The surface at the interior pane
stays relatively high. No moisture condenses at
the pane and thermal heat radiation exchange is
minimised. In this way, a very high comfort level
is guaranteed. Also, the acoustical insulation is
improved.

Right balance among window surfaces, Ug, g-
value and Tv allows to achieve good illumination
level while keeping very high insulation level.

O: An alternative to multiple glazing, whose
inter-pane space is filled with inert gas, are vacu-
um insulation glazing units. They are remarkably
thinner while still keeping up to triple glazing
unit's Ug-values and their acoustical insulation.

O: Many coatings and tints are available to
match each window glazing to its unique situa-
tion (e.g. reflection, emissivity, orientation, sun
protection, climate). Switchable ,electrochrome’
coatings make it possible to change the light
transmittance of a glazing unit according at the
push of a button.

Thick window frames

K: Well-insulated glazing units also call for well-
insulated window frames. Since the frame is the
weak point of a window opening, it must com-
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veals and/or interior window sills could also
be inclined. The retrofit of a former post office
building in Bolzano (the first Passive House of-
fice building in Italy) used inclined parts of the
350mm thick insulation to design the variety of
the facade, and thus external appearance. (cf.
AP Bozen, 2010) (cf. Detail 6/2007, p.618)

As the Passive House standard is set for the enti-
re energy efficiency of the whole building, not
optimised installed windows can be compensa-
ted for by other measures (e.g. more efficient in-
sulation, maximisation of solar gains, etc.). Built
examples as the mentioned post office building
in Bolzano, ltaly, the Alpine Lodge in Styria, Aus-
tria, the Dwellings for Senior Citizens in Domat/
Ems, Switzerland, the Secondary School in Brix-
legg, Austria, or the Passive-Energy-Standard
Housing in Salzburg, Austria show varying results
in the matter of window installation. Different
designs and integrated approaches can lead
to different solutions to place a window, hence
avoiding deep reveals. (cf. Detail 6/2007, p.618,
6241f, 6341f, 648ff, 652ff)

plete the thermal envelope of the building as
well as possible. Adding insulation to a wooden
or metal frame improves profile depth. This
consequence has to be considered, so that low
Uw-values can be achieved. However, further
development to reduce the frame thickness is in
progress.

O: Overlapping insulation and window frame
achieves the best thermal connection and also
leaves only a small part of the frame to be visible
from the outside.

O: The Highly Insulating Window and Fagade
Systems’ research project developed polyure-
thane (PU) frames with durable PU coating. The-
refore, it is possible to construct sleeker designs
than most of the frames currently used for triple
glazing.

O: Using fixed glazing also reduces the frame
depth. Since in a Passive House ventilation is
provided by a MVHR system, window openings
do not have to do so as well. Where the function
of an opening is not necessarily needed, fixed
glazing could be an alternative.

O: Wooden frame with (e.g.) cork to decrease
frame thickness while keeping insulation level

O: reflective insulation to reduce thickness
Deep reveals

K: Deep reveals of a Passive House are due to
its improved insulation. It is possible to use high
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reflective finishing materials in order to transport
natural light as deep as possible

O: Constructing walls as thin as possible (while
still achieving the required U-value) or bevelling
the insulation at the reveals would provide more
daylight incidence. Shaping reveals leaves also
many options to varying designs.

O: Increasing the window’s overall size would
also provide more daylight incidence while im-
proving the frame-glazing ratio, resulting in
a better Uw-value. Glare effect can be avoid
through suitable internal shading systems.

Further opportunities

K: presence of highly reflective walls make easier
the transport daylighting exploitation While it is
not new knowledge that white paint leads to a
brighter space, it is notable that white paint alo-
ne can result in an increase in daylight autonomy
of 15.1%, this means there would be 55 more
days a year, or almost two months, when circadi-
an needs would be met. The next most powerful
single factor in achieving sufficient daylight for
circadian cuing was distance from the window.
While it is obviously not feasible to only allow oc-
cupants to use the floor area closest to the win-
dows in their apartments, it would be possible
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