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1. Executive summary

The smart living lab is a nationadntre for technological innovation in the built environmerand iscomposed

of members from the University of Fribourg (UNIFR), the SchoBhgineering and\rchitecture of Fribourg
(HEIAFR) and the Swiss Federal itnge of Technology in Lausanne (EPFL). One of the smartfliing Qa LINR 2 S O
is the design and construction of its own buildimdpich will beat the cutting edge of research and best practice
on sustainability. Before constructiostarts onthe smart lving building, a preliminary researgrogramme
called smart living building research programmbas been seup. Its objective is to define the scientific
specifications to beused by the future designers and the way which they will be integratednto the
construction. Located in thBlueFACTORNnovation quarter in Fribourg, the planned smatrt living building is a
mixeduse building (residential, offices and experimental)lalbhe construction must correspond to the
intermediate objectives of the visiasf the 2000Watt Society model by the middle of the 21st century (hereafter
calledthe 2050 objectives). These objectives concern environmental impaassepresented bythree main
indicators, namely theumulative energy demanqCED), theon-renewable part of the CECELR), and the
global warming potential GWP). The first part of this repgtesentsthe scientific concept which walllowthe
smart living building taneet these objectives. The second parttbe report relatesto the transition ofthis
conceptto the experimental phase of the buildirtgsign

The general definition of environmental impact targets is presented and discussddn particulafor the case

of the smart living building. Twkinds of targets areanalysed Achievement bthe overall building target is
compulsoryin order to satisfithe 20500bjectives. Sultargets ared S i F 2 NJ (icknSponerdsort systenfsd Q a
A suitablebalance of these sutargetshelps the construction and the use of the builditmyreach a global
performance level.

Different populationsof possible projectzoncerningthe future smart living building aranalysed fronthe
perspective of environmental impacts. A first population of projects represam®nt best practice in building
constructionand operation. A second populatiaonsistsof top-performing projectsthat anticipate possible
future improvements, and éinal population relates to projects thatan achievehe 20500bjectives. An analysis
of thesethree populations indicates how thbalanceof subimpacts should evolve in the future in order to
achieve the very challengi?p50 objectives. A recommendation of swiirgets forbuilding components and
systems is proposed. Present environmental impacts related to food and mobility an@@5&targets are also
set out

A global synthetic vision made upgrbupsof construction elements whictorm the vital organsof a building is
suggested. These e components simplifgur understanding of the different mechanisms that ensure overall
performance. They also allofer the establishment of a strategy enablihighly efficientuse of the available
resources. The vital organs thapresentthe major performance contributors of the building are the envelope,

the energy supply and its storage, the technical systems, the users and their mobility. The scientific concept
analyseseach of these organs and proposes specific measures that should be undeftakan efficient
improvement in overalbuilding performance.

A sensitivity analysisbased on the Morris methoddentifies the major contributorsamongthe population
representingcurrent best practice in building construction and operation. Inited that more than three
guarters of the totalenergy required for the building, including both embodied energy and operational energy,
was used follighting, appliances and ventilation. Techniald architectural solutions to improve the global
performanceof the building among the vital orgahsive beerproposed.

Concerning the buildingnvelope three main componentgresentkey performance issues hey are related to
the climate (insulation and inertia), to natural light (transparent surfaces)tarmir quality. An improvement to
the impacts concerninghe external walls, and especially the careful choice of-tasbonmaterials, allows us
to keepthermal transmittance at the desired levéitthe same timethiscould drasticallyeducethe embodied
energy. Windows are also subject to an analysis. Compuiitld the glazing, theframesconstitute the main
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source of environmental impagcand this should beminimised The integration in théagadeof prefabricated
modules with incorporated light shelves, shading system and special movable parfakslitates natural
ventilation andan optimisationof the natural lighting.

Two types ofenergy are required for the planned smart living buildindieat and electricity. Heat could be
delivered byvariousmethods and their related specific carbon emissidmsve been analyseddecause of the
recent significantimprovements in heating technologies, environmentadfficient ways to provide heahow
allow usto fulfil the 20500bjectives. Electricity supply in themtext of theblueFACTORY comes frtm Swiss
electricitygrid andelectricity producedon site usingphotovoltaic (PVjpanels The specific carbon content of the
electricity from the gridvaries ovettime. At the present stage, only an annual averageeds provided by the
electricity supplier. The carbon emissions for the electricity provided byaP¥éls have beepvaluated which
allows ugo quantify the environmental benefits groducingelectricityon site

Some generalaspects of storing heat and electricity areset out Existing technologies, their specific
characteristics and implementation parameters atenmarised In any casehe storage processitigatesthe
environmental impact of the energysed The specific case of seasonal thermalage for covering domestic

hot water demand is taken as an example. The embodied energy related to the tank is of prior importance when
demonstrating that the carbon benefits obtained during its period of czeerthe amount of GH@missions
involved, ass requiredfor its implementation.The potential thermalnertia in the walls alsoequirescareful
monitoring to achievea positive balance. Concernimgdgectricity storage, the main parameters alis choice
should notjust includethe embodied impactthe roundtrip efficiency and charge/dischardjée cycle numbers

must also be takeimnto accountin order to makea proper evaluation.

Systemsconsider all the components thaitseoperative energy to provide comfort to the users of the building.
These gstems are ventilation, heating and its distributjas well as lighting and appliancésppliances are
currently amajor contributor, but it is difficult to achieve aeductionin their intensity of use byusing an
architectural solutionThere is signifant potential to reduce consumption by artificial lightinjleasures such
as specific visual comfazbnes where only thevorkspace areaare optimallylit duringthe requiredtime, have
been proposed. The implementationof natural ventilation in placef mechanical systems idgewed asan
efficient wayto substantially reduce environmental impact.

Buildingscaninfluence themobility of their users.Forexample,an evaluation has been made tbie number of
parkingspacegrovided to buildingisersandtheir influence onboth the environmental impacts afsermobility
and the embodied impact of the buildinghe developmenof theseimpacts is analysetbr different parking
availability for the presentday and for a future case in 2050. The study dentoate that the environmental
weight of the direct and induced impact of parking places is in both time a key issue.

The usability of a building is strongly influenced bydhdzA t Rserg A $dal survegnables ugo identify the
dwellers needs of the future smart living building and their related workofgedules, workloadsndwork types
The attitude of the users towards their working environmemtd their willingness to control and share their
workspacsds dizussedlt is proposed to allow for a denspopulation by improving the usability of the working
space A reduction inelectricity consumption¥ 2 NJ dappbaNd@Qis suggestedhrough a systematic
implementation of general switcbff systems in eacbffice. Theoptimisationof functional spacéocationscould
contribute toa reduction inoperational impact. For instance, tlepacemeeding higher brightnedsvels(e.g.
workspace}¥ shall bdocatedcloser to the windowsand shall not be designed withrbe depth.

Theparticular natureof the smart living building and its goaksquire a new design tool or method that is able

to integrate the considerationselated to energy consumptionthe environmental impacts and performance
related to the entire bilding lifespan at an early phase of the design proca@s® proposed methodonsists of

two parts climate change design method and building flexibility design method. The factors that can influence
the ability ofthe designers are identified as the qusliof the design brief, the skills of the design team, the
experience of the designens dealing with similar projects, and the allocation of resouffoeshe project. Other
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information hasalsobeenrequested, such as the knowledge of users trepropertiesof building components
in terms of energy consumption and carb@otprint. Theacquisitionof this information is described in the
experimentschapter.

In the second part of the report, thansition of the smart living lab design to the experimental phase
discussed. Four research topa® plannedfor carrying outinvestigationson the smart living building research
programme. The description, theegsearch questions, the objectives and the necessaoyk packages are
presented in detail for each of these four experiments.

The first topicconsistsof creatinga building performance simulation prototypenablinga variation ofinput
parameters to eglore their contribution to the overall edifice performance. The use of this tool shall
demonstrate the potential of design efficiency by simplifying the inclusion of performance ciiteha design
process.

The seconxperimentrelatesto the correldion of low-carbon electricity production and its consumption. A
strategy based on lowarbon electricity supply and its storage, huméehaviour and the electricity
consumption of the smart living building will be studied and quantified.

The third subjetis the optimisation of the relationshipsbetween building space and user densitihe final
outputs that are sought include a social database of user knowledge, a prototype of the user environment and a
set of recommendations or guidelines that can hdgsigners in the fields of both architecture and technical
engineering to design the working spaces of the smart living building.

The lasexperimentaims to study the fagade, its environmental impact and its influerceomfort One virtual
prototype s planned tgorovidea better understanding of the parameters involved in the LCA evaluation and to
underline whichaspectsneed to be highlighted in the design process. A second step will cafisishstructing

a real test chamber based on the resulthigved with the virtual prototype.

Within the frameworkof the scientific concepta round table was organisedetween themainlocal actorsn

the construction sector and the smart living ledsearchersThree different themesvere selected because of
their potential impact on the scientifigrogramme The requiremengpecificationsthe constraints orinnovation

and their identificationas well as building flexibilityveredebatedby the participants. The conclusions these
discussiondiave beersummarisedat the end of the report.
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2. Introduction

The vision of the smart living lab project is to create in the heart of the blueFACHI®RYrg, Switzerland

living and working space that is ahead of its time: both the building itsélbusing an interdisciplinary,
interinstitutional centre of excellence in the field of innovative concepts and technologies linked to the built
environmentg and the content®f the buildingt

The building will therefore have to be at the forefront of current practices, and will serve as an experimental
support centre for the research teams it will house in future.

The exceptional nature of the smart living lab project ifiest the setting up of a preliminary research
programme, whose first objective is to define a brief containing the scientific specifications to be faced by the
future designers. The approach to integrating these specifications into the construction pralsesforms part

of the research.

¢KS a{dFI4S 2F GKS ! NI¢ NBLER2NI o6& WwdzaasStysS Si Fto
research programme.

This is the second deliverable: the scientific concept. As defined in the previous, teganext deliverables will

be:

A the scientific programme (draft): translation of the scientific concept and the workshops into a brief for
the future smart living lab designers;

A experimentation: construction of prototypes, performance monitoring é@edback;

A the scientific programme: the definitive programme that will be submitted to the smart living lab

designers, to include technical and performance specifications and recommendations.

This report sets targets and suggests technical and archit@lctoncepts to meet them.

As illustrated in the following figure, the scientific concept is the raw material that will be subsequently translated
into a scientific programme. This translation seeks to propose a clear and understandable design biiefefor fu
designers, with a method that will allow them to integrate the constraints that are faced into the design process.

Scientific Concept = Scientific Programme Conte

\ ]\ J
| |

4 V4 o _

1 Goals 1 Obligations to achieve performances

1 Obligations to implement technical

 Tools & Methods solutions

9 Architectural & Technical Solutions  Recommendations
\ U\

Translation

Figurel: Scientific concept and scientific programme definition

1 EPFL | UniFR | EIA, smart living lab, Summary document, Version 6, February 2014.
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3. Scientific concept structure

This chapter aims tjustify the way chosen to describe the scientific concept. First, the utility of environmental
targets is discussed. Secondly, the method which enable to fix these targets is described. Finally, a
decomposition of the smart living lab building is proposedrder to attribute these targets to building macro
components called vital organs.

3.1. Towards environmental impact targets

The optimisation of complex systems typically involves a large number of design variables and corresponding
multidisciplinary analyse Due to the large amount of information required for calculating the impacts, buildings
are considered more complex than systems in other industrial sectors. A translation of objectives in terms of
target values helps to optimise this complex system &gucing time and effort in the design process. The
definition of target values has two purposes:

1 To show the goods and services with biggest influence in an identification analysis;
1 To guide the design process towards defining goals in complex and multidimensional systems.

Figure2 has tabulated the comparison of targets withetienvironmental impacts of building components and
systems, using two examples. In case 1, even though the impacts of some building components and systems are
above the subargets, the overall impact of case 1 is below the target. Balancing the impaalistioé systems

and components allows case 1 to achieve the goal.

80 —2050" targets
B Casel
70 Case 2

person)

)

Environmental impacts
(damage

]

-
|
-H
5
+
!
\

s, o o 8 < 0 & & & & LY s N
.Y X ¥ N & < N\ & ) & N
\\\\\ & . g\\a & 50'"& 2 & o ..:4‘\ & <€ o <&
F & & ¥ ¢ & N =
D n N
< < < 1\0\\ S
>
&
IS
A e
<& Building' components and systems

Figure2 : Comparison of the impacts of building components and systems with their respective targets (red lines)

In case 2, the total impact is above the totakget, so it does not achieve its goal. Some of the building
components and systems present impacts that are below the target, while others have impacts that exceed the
target, but the benefits of having some low impacts are not allowed to counterbaliecenpacts that exceed

the subtargets. This is why additional improvement is required, especially for those components and systems
whose impact exceeds the target. These comparisons of the targets against the impacts of the components and
systems can dgde the lifecycle assessment (LCA) practitioners in determining where to direct their efforts in
order to improve building performance.
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Figure2 shows a second utility of the definition of target values. In case 2, only lighting, technical equipment,
ventilation and slabs have not met their respective goals. The comparisons of the targets with the impacts of
building components and systems identifyatlthe impact of slabs, and the improvement of this, is less important
than improving the impacts of lighting. A results analysis classifies lighting, technical equipment, slabs and
ventilation according to the significance of the improvement of their ioipa

The purpose of improving the impacts with the help of targets is to meet the objectives defined for the project.
Ly a{ 4 (i JlusdmeietralS201BMNE Beén presented the globarget values of the 200WVatt Society

vision, which the buildings must meet by 2050. The definition of robust targets is ®gt&pp process, using a
bottom-up approach. In the next section we will present a calculation of the 2050 targets for the lsrimay

building at the component and system scale. This aim of this process is to guide us in designing the smart living
building so that it will achieve the 2050 goals according to the 20@ft Society vision, with an evaluation of
targets that can beised by the architect, civil engineers, thermal engineers, etc.

3.2. 2050 targetscg definition for the smart living lab

The purpose of this section is to define robust environmental impact targets for the smart living building at the
components and systenmevel. The definition of impact targets for a building can be viewed as absteteps
process, combining todown and bottomup approaches in a population of case studies. In the first step, the
desirable globalevel impact targets for the buildings hewbeen defined using a tegpown breakdown of the

2050 objectives. These objectives have been inspired by the-AG00Society vision, which is promoted by the
Board of the Swiss Federal Institutes of Technology.

The component and system targets are tragfined using a bottornup decomposition of the building impacts.

The values of the targets depend on the carbon weighting of components and systems and the embodied primary
and nonrenewable energy, which is directly influenced by building performanc@cFease the robustness of

the calculation of targetsa population of projects containing buildings with different performances should be
created.

A database of projectsan be generated using the Morris method. A Morris sensitivity analysis alldwvereate

a set of projects by changing the design parameters influencing the performance of a building one affa¢ime.
sensitivity analysis identifies which key data or assumptions significantly influence the output of a model, in
guantitative or/and gualitative ways. In the context of a smart living building, this sensitivity analysis helps us to
better understand the design parameters and their influence on the global building performance. Other
sensitivity methods suchsthe variance decomposition @hod, the Monte Carlo method, Sobol sensitivity
indices, etcare proposed in the literaturésee e.g. looss, 2009 the context of the present study, the Morris
method is considered to be the most suitabletimod, since the other methods are more complex, need a lot of
information and parameters and are time consuming. The application of the Morris method needs a minimum
number of runs, which is a function of the number of trajectories (successions of gtantisig from a random

base vector in which two consecutive elements differ only in one component) and the number of inputs in a
model.

The KBOB databageriedli et al., 20143nd the lifetime of components proposed byBPAT(Meyer et al., 1995)
have been used for assessing the environmeimlacts of each case. Lesosai softwgdtédtech, 2008has been
used for the energy consumption assessment. Therenmental impacts of a given population of projects form
the basis for the calculation of the impact targets

According to the 200@Vatt Society vision, the number of users of the smart living building is required in order

to make an appropriate calculan of the targets. There are different approaches for evaluating the number of
users of a building. The first approach used in this study was inspired by SIfH208@r and Schneider, 2011)
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school). For the smart living building, the residential area, office area and experimental area are divided by these
standard space allocations to calculate the numbers of users. The alternative approach is based on the 2000

Watt Society vision. Accordh (12 (KA& aSTFSOGAGBSeE &LI OS Itt20FGA2yZ
space, 5m2 of office area and 2.5m2 for school. We have calculated the numbers of people in the smart living
building using the average effective space allocation of threbigectural feasibility studies carried out for the

smart living building. The results obtained are presentefrireur! Source du renvoi introuvable More details

about the three architectural feasibility studies of smart living lab, and the number of peoples associated to each

space destination are presentedkireur! Source du renvoi introuvable.

Tablel: Number of people in the smart living building according to standard and effective space allocations

Residential Office School
no. of standard person 21 45 58
no. of effectivepersor? 21 333 507

The overall environmental impacts in the case studies are distributed ampeaogle based on their effective
space.The literature proposed tofevel impact targets only for a singtiestination building (residential, office
or school, etc), but the smart livinguilding is amixeduse building. The targets for this building are assessed
with the help of the following quation:

Y 2 ° 2 (unity: Impacts / persasm)

where Trepresents the impact target3.he impact targets are calculated using a simple linear regression of
impacts to the 2050 objectives.

The calculations of impact targets in the smart living lab are based on three different populations of cases:
projects representing current best construction practice in Switzerlf&l case studies, known as the first
sensiivity analysis) projects representing very higberformance projects anticipating possible future
improvements in building construction and operati(@0 case studies hereafter called the second sensitivity
analysis) and projects capable of achievititge 2050 goalg¢42 case studies among the 90 cases in the second
sensitivity analysis)

In the first sensitivity analysis using the Morris method12 inputs are considered, with the number of
trajectories equal to 6 (4, 6 or 8, as recommended by Saltelli(&addelli et al., 2004) The inputs of cases have

been defined in accordance with the recommendations given by380M (SIA 380/4, 2006)as well as three
architectural feasibility studies carried out for the arnliving building. The environmental impacts are assessed

for each project. Since the purpose of this analysis is to develop possible projects for the smart living building
that are capable of achieving the 2050 goals, the impact assessment considensaieavith low embodied
impacts. Comparisons of the impacts of each of the 78 projects under consideration with the 2050 objectives
show that only two cases come close to achieving the goals, but none of them simultaneously achieved the goals
for the three indicators (CED, CEDnr and GWP). More details about the calculations involved in the first sensitivity
analysis can be found Erreur! Source du renvoi introuvableAccording to Saltelli et dSaltelli et al., 2004he

Morris method is referenced as a qualitative method. To complete the analysis, successive steps are applied for
identifying the quantitative influence of the input parameters on the environmental impacts. The absolute and
relative influences of the inputs arshown in

2Number of standard person (persgnare consider the number of users of smart livlab calculated in function of the
gadlyRFNRE &LI OS tt20FGA2y 6SIOK {grada OAGAT SY KF& cnYu 2°
proposed by SH2039.

3 Number of effective person (persgi) are consider the number of userssrhart living lab calculated in function of the
GSTFSOUADSE &LI OS +tt20F0A2y 0SS OK {6Aaa OAGATSY KIFL& cnYu
proposed by 2000 watt society vision.
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= Influence of the parameter in absolute value
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— Variance of the absolute value

Figure3 : Qualitative influence of input parameters on environmental impacts (78 cases of first sensitivity analysis)

The results obtained for CED, CEDnr and GWP, which are presented in

= Influence of the parameter in absolute value
[0 Influence of the parameter in percentage
— Variance of the absolute value

Figure3, show that electricity is generally the most critical factor: impaltts to the energy used for ventilation
and lighting always represent the biggest contributors to the totality of impacts. Thermal contributions, on the
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other hand, are much more variable, depending on the type of construction; however, their influende on t
final results is not as great as that of electricity. At a deeper scale, the first analysis was carried out to understand
the impacts of macre@omponents within the framework of the smart living building.

3.3. A second sensitivity analysis was performed order to investigate more deeply the
impacts of components and systems with greater influences on the impacts of the
building. Applying the Morris method in this second sensitivity analysis, 14 inputs
were considered, and the number of trajectories was &his meant creating a second
population of 90 case studies. For this new population of projects, the inputs linked
to electricity (ventilation, lighting, appliances) and windows (glazing, frames) were
improved in order to reduce impacts, so as to developgects that could meet the
2050 objectives. As with the first sensitivity analysis, the environmental impacts in
the second analysis were assessed using Lesosai softw&4tech 2008and the KBOB
database (Friedli et al. 2014) For this second analysis, the embodied impacts of PV
panels and solar thermal collectors was set to zero, but the reported impact was
placed in the operatig part. This method was adopted mainly in order to quantify the
CQ content of the energy produced by the PV panels. The GHG emitted for the physical
production of the panel is divided in relation to the energy produced by the panel
itself during its entire lifespan. Hence, some values in terms of kg £MJ have been
calculated for both technologies¢ PV panels and solar thermal collectors. The
environmental impacts of the electricity demand of appliances, lighting and
ventilation are assessed using the was of kg CO2/MJ of PV panels and Swiss
electricity grid. It is no longer possible to see a target value for the embodied impacts
of PV panels in this way. A comparison of the environmental impacts with the 2050
targets shows that around half are achievinthe goals (42 out of 90), thanks to the
different input-values proposed. The details of the inputs, assumptions, calculations
and environmental impacts of the second sensitivity analysis are presented in
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Figure AL: CED Index for the 78 simulations of SA |
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Annex 2: Sensitivity Analysis Il

In the end, the impact targets shown tigure4, Figure5, andFigure6 were calculated based on these cases.
The results obtained for the CEbhow that the impacts of the operation phase are more significant than the
embodied impacts. For the GWP indicator, however, the increment of the performance of the building makes
the embodied impacts more significant than the operation impacts. The wesldo show that the internal
appliances, lighting and ventilation have the biggest impacts.

According to these indicators amping from the results of the first sensitivity analysis to the cases that achieve

the 2050 objectivesthe results show that th targets for the internal appliances, lighting and ventilation are
reduced by a factor of 2. This is because, in the first case, the internal appliances are considered using the values
given by SIA 380/651A 308/4 2006)whereas the values are considered to bedo in the second case. In the

cases from the second sensitivity analysis, there was a shorter lighting period in the apartments, offices and
experimental hall. The surface area of the building that will be lit has also been reduced. These hypotheses have
brought about a reduction in the amount of electricity used, and consequently a minimisation of the CED, CEDnr
and GWP results. The targets for the ventilation systems are lower when they are calculated using cases from
the second sensitivity analysis thamen they are calculated using cases from the first sensitivity analysis. The
reason for this is that, in the cases in the first analysis, only mechanical ventilation was taken into account; in the
90 cases in the second analysis, both mechanical andalatantilation were considered. Natural ventilation
negatively influences heating, by increasing its impacts, hence the impact targets for heating are increased. The
results show also that the targets of PV panels and solar thermal collectors are zer®Whase studies and 42

case studies are used for making the calculation. The reason is that the embodied impacts of PV panels and solar
thermal collectors are placed in the operating part.
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Figure4 : 2050 targets of smart limg building for the CED indicator {fém Pfaffli and Preisig, 2011)
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Figure6 : 2050 targets of smart living building for the GWP indicatoP{&ffli and Preisig 2011)
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These first results for the CED, CEDnr @WdP indicators presented in tiiégured, Figure5 and Figure6 show
the possibility and validate the methodology of definition of impact targets at component and system level. But
to validate the robustness of these targets, it is recommend to enhane@tbject database.

For these reasons, increasing the number of case studies where other types of materials and systems are
implemented is recommended for the future development of the impact targets. In addition, statistical methods
should be used to aluate the robustness of the target values. The objective of the statistical methods should
be to form conclusions about the stability of the targets calculated from one population case to another.

These studies will be part of a scientific paper subrdiftethe SBE 2016 conference (sectl@s).

3.4.1. 2050 targets; definition for mobility

Mobility and food account for the consumption of renewable and nenewable energy (Se€igure7:

Repartition of the cumulative energy demand (CED) feergisector in Switzerland (Leuthard et al., 20444

are emitters of C®eq gasegLeuthard et al., 2011)SimaPro UK Ltd, 2015jor this reason, the 200@/att

Society vision has set intermediate targets for these impacts, which should be met bylf20&®? summarises
the present impacts of mobility and food and the targets that they must meet by 2050.

Building
Mobility

= Infrastructure
Food

= Consumption

Figure7: Repartition of the cumulative energy demand (CED) Yengsector in Switzerland (Leuthard et al., 2011)

Table2: 2005 impacts and 2050 targets for food and mobility

CED CEDnr GWP
[Watts / pers] [Watts / pers] [kg CQ-eq / pers year]
2005 impacts  Mobility 1700 1150 2350
Food 750 650 1150
2050 goals Mobility 395 382 519
Food 435 205 158

This section presents the 2050 targets that the smart living building has to meet in minimising the impacts of
mobility more effectively. The definition of detailed target values concerning mobility is based on SIA 2039
(Hanger and Schneider, 201dnd the KBOB databageriedli et al., 2014)The 2050 goals for daitgobility and

21/ 128



occasional mobility are defined. Daily mobility includes holiday journeys, commuting and shopping. Occasional
mobility includes trips made for attending conferences, meetings, training events, etc.

For these calculations, the following stepsre followed:

- First, we calculated the environmental impacts of a Swiss citizen. These calculations were made using
information about the number of kilometres travelled by different modes of transport by a Swiss citizen,
(Hanger and Schneider, 203hich was then translated into impacts (correspondinghe values given
in Table2).

- la | aSO2yR aaSLl ¢S laaSaaSR GKS AYLHFOGa 27 | {¢
forbuildingsvk 2 aS dzASNJ Y20At A& A& @&inpef @and SCkneidsNPOLTRiS SR 0 & |
second evaluation allows us to distribute the impacts that a citizen has in relation to different purposes
(house, office or education).

- The impacts on people in the smart living building (based on effective spacelatgated based on
the results obtained in the previous step. These impacts have been distributed proportionally to
different modes of transport.

- In the end, the impacts associated with different modes of transport have been minimised linearly to
calculde the 2050 targets for occupants of the smart living building based on an effective space
allocation.

The results obtained for the CED, CEDnr and GWP indicators are presdritpaé3.

Mobility
CED Watts / persong
Daily mobility Occasional
6.838 1.754
Car Train Bus Tram Motorcycle Bike Other

Embodied Operation Embodied Operation Embodied Operation Embodied Operation Embodied Operation Embodied Embodied Operation
0.946 5.074 0.012 0.482 0.01 0.129 0.001 0.021 0.012 0.073 0.008 0.007 0.063

Figure8: 2050 smart living lab mobility targets

Much effort is required to achieve the mobility targets presentedrigure8. To better understand the efforts

that the users of smart living lab have to make, the target of occasional mobility is translated in number of
kilometre that a person of smart living labrecommended to travel in order to achieve 2050 goals.

Using the equation presented in the sectidr?, we have calculated the 2050 target of the occasional mgbilit

for the all the users of smart living lab.

Y Y 7 ZEHMQL T ¢tc®dwrPopemeE@/ AN

According to the KBOB database, for each kilometre travelled by an intercontinenta] pla6gkg Cé&eq / km

is emitted per person.

The target of occasional mobility is divided with the impact of one kilometre travelled by intercontinental plane

for assessing the number of kilometres that the persons of smart living lab should travel mtomach the

2050 goals.

¢CKAA& OFftOdA A2y IA@BSE | NBO2YYSYRSR YIFEAYdzY 2F wmyQy
living building over one year. If this journey is made by one person in the smart living building, then it must be
recommended that the rest do not undertake any other occasional trips. This is equivalent to a return journey
between Switzerland and India.
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3.4.2. 2050 targets; definition for food

Targets relating to food are evaluated using the information given by Junghlath(éungbluth et al., n.dgnd

the results of asurvey presented by a COOP st@pDOP, 2009According to the COOP resuldO0P, 2009)

the percentages of food consumed in the house or outside (restaurant, fast food, cafeteria, etc.) are presented
in Table3.

Table3Y t SNOSy (Gl 3S 2F F22R 02y adzySR G K2YS3: 2dziaiREBOAPKS K2YS:

2009)
at home outside 52y QG SI i
Breakfast 69% 6% 26%
Lunch 43% 55% 5%
Between lunch and dinner 96% 4% 5%
Dinner 22% 45% 37%

The objective of the distribution in percentages presented inTable3 is to associate to smart living lab the
corresponding impacts since it is a mix building. For the residential part of smart living lab aiatassine 69%

of breakfast, 43% of lunch, 96% of the food consumed between the lunch and dinner and 22% of the dinner. For
the office part of smart living lab are associated only 55% of the lunch.

Using this information and in accordance to the informat&bout the people in sectioB.2, the target values

for food have been calculated using the same methodology as that used for mobility. The results obtained
accoding to this calculation are presentedfigure9.

— a e rd e T —a
Meat  Chichen products  Fish  Dairy products Vegetables  Bread Frozen  Colonials Coffee Beverages Other
CED (watts / person.s) 3.68 0.618 0.547654 5456 0.709 0.372 0.583 1.032 0.344 0.513 0.190

Figure9 : 2050 targets of a smart living lab user for food

Much effort is required to achieve the food targets presentedrigure9. To better understand the efforts that
the users of smart living lab have toake, the target of meat is translated in quantity of beef that a person of
smart living lab is recommended to eat in order to achieve 2050 goals.

Using the equation presented in the secti8r?, we have calculated the 2050 target of the meat for the all the
users of smatrt living lab.

Y Y 7 ZE QL0 € ¢p8 cvPpppcoBv@/ AN

Accordinghe information presented iferreur! Source du renvoi introuvablethe smart living lab is responsible
for the impacts of 21 habitants, 45 employees and 58 students.

For assessing the target of one person, the total target of food (1235 k@@ @ divied with the total number
of persons (66), giving the value of 18.7 kg-€Q

One kilogram of beef accounts for emissions of around 15.7 kee@Caccording to the Ecoinvent database
(SimaPro UK Ltd, 2015)
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In the end the target of meat is divided with the impact of beef and per 12 months for assessing the quantity of
beef that a person of smart living lab should eat in order to reach the 2050 goals.

After this calculation, an individual in the smart living building is recommended to eat no more than 100 g of beef
per month (including both the lunch and the dinner), in order to achieve the 2050 goals.

3.5. Vital organs

The increasing number of nessary components and relatéechniques takes theomplexityof the buildingto
a very high levelClimatechangechallengesn the construction sectodemandhighly efficient buildings and
require a full understanding of the performances and interactibesveen all constituentslt is necessary to
identify them in order to optimis¢he majorperformancecontributors (intermsof CED, CEDnr and G)A#°first
sensitivity analysis based on actual building construction and operaliows fora global synthtic vision made
up ofgroupsof construction elementsvhich are the vital organs of a building.

These macro components simplify the understanding of the different mechanisms that ensure overall performance and
allow for the establishmentf a strategy enabling higkfficiency use of the available resources. The vital organs are
necessary for the performance of a building and have their own specific performances. They are the envelope, the energy
supply, the technical systems and mobi{Bge

Figurel0). Energy fluxes and dynanmiationshipsbetween these subsystems are maeliicient throughuser
behaviourand storage technologie§he global perfemance strategy is more accessihising a definition of

vital organs, rathethan speaking about all components. This vision is used for presenting the scientific concept
and will be more deeply developed during the scienfiiiogramme It is believed tht splitting a building into
corgang s is proposedhas the advantagef probablybeing continuedin the future, independently of the
evolution of architecture, technological breakthroughs afthnginguser habits. A vital orgaperforms well

when it adieves its function with a low G@ontent.

Energy supply

~a Mobilty
| \:‘: 4. / "y
H \4 P\

A

Systems

Users Storage

Figurel0: Overview of the vital organs of a building

Envelope

The envelope is the interface betwetme SEG SNy I £ Sy @ANRYYSyid FyR (KS dzaSNDa
why we onstruct buildings: to protect ourselves from the environment. The envelope is mainly composed of
external walls and windowsJabs, theroof and so forth.
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Energy supply
Energy imecessary for all buildingandits availability isleterminedby the extenal context. The energy demand

of the smart living building mainigomes from the need thieat the livingspace and domestic hot water, and
from other requirements foelectricity. Other more complex buildings couttjuire other kindsof energy.

Systens
Thesystemsrovide comfort to userby means ofeating, ventilation, lighting and applianc8heyare located
insidethe building and are powered by the energy supply.

Mobility

The mobility of buildingisershassignificantenvironmental impacts. Thiecation of the building in the external
environment is a major parameter of mobility, but architectural features such as parking space for personal
transportation and energy supply for mobilisoaffect this performance.

Storage

Energystoragedecougesthe needs ofenergyand its production. This subsystem is seen as an efficient way to
couple the vital organst could be heat storagelectricitystorage, fuel storage, thermal inertia storage, .€the

aim ofsuchstorage is to better correlate emgy needs ana low-carbon energy supply.

Users

Knowledgeabout user needs (in term of usage and comfort) iprirhe importancein orderto create ausable
and efficient buildingUsagentensity and its correlation with lowgarbon energy is a key factof this organ.
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4. Scientific concept

4.1. Envelope

4.1.1. Introduction: envelope functions

CKS Sy@gSt21LI5Qa ol aA0 FdzyOGAzya INBE NBfFGISR G2 GK
into four main groups:

w
<
w»
w»

Protect from external agents,

Control related to energy of all types and to flows,
Support, to resist and transfer mechanical loads,
Finishing, to meet architectural and aesthetic goals.

= =4 —a -8
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construction; in this study, attention is focused on the control function and its related meanings for the building

due to the importance detected by the sensitivity analysis (see A@rkand Annexl0.4). Control covers all the

subfunctions of the building which aim to manage the interaction of the construction itselftivétlsurrounding

physical environment.

Air flow control, for example, is crucial to ensure indoor air quality, to limit energy consumption, to avoid
condensation and to improve comfort. Lighting control is necessary to ensure indoor visual comfort thred, at
same time, to provide protection from unwanted glare. These two parameters very much influence the impacts
of the building, and are related both to the envelope and to the energy system. In this chapter, the passive
strategies to enhance natural daghiting and ventilation are described, while chape2 deals with aspects of

the active strategy to reduce electricity consumption related to these factors. Tédecontrol is a big issue
because of the opposite directions of flow in summer and winter. The enclosure should act as a shield to energy
exchange (insulation) and, simultaneously, should provide energy storage (inertia).

It is clear that theséunctions need to be translated into functional components, which constitute the envelope

FYR OKIF N} OGSNRARAS GKS 060dzAf RAy3IQa | NOKAGSOGdzNEzZ O2yaidNd
components related to the key issues analysedvjesly: insulation, thermal inertia, transparent elements and

ventilation elements. From the sensitivity analysis | (cf. A ek is clear that the most infential components

are the windows. The ventilation system was computed in a simple way, not detailing all the components but

just the major ones (like the ducts). Moreover a main assumption was done: the influence of higher ventilation

rate will influenceproportionally the size of the atlucts. Based on this simplifications, ventilation is one of the

major contributors in the Cfimpacts. Thus, enhancing natural ventilation could improve overall environmental
performances.

Insulation is provided by thé 18 SNB YR YIFIGSNALIf& Ay G(KS o6dzAift RAy3IQa Sy
shield to attenuate or delete the thermal flux between the indoor and the outdoor, contributing to maintaining

a comfortable temperature inside and saving energy for air caoitg. Thermal inertia is considered as an

essential part of the passive strategies to maintain comfort. The functional components related to daylighting

and ventilation control are usually identified in the glazing elements. Windows are essential gdiphninto

the interior spaces and to make sun gains during winter time; at the same time, they should prevent overheating

and unwanted direct solar radiation (in summer) and should address glare issues.

The envelope plays an important role in all gtandard regulations, as a fundamental element of buildings and

as a major contributor to their real performance. Standards and national laws fix performance levels regarding

the physical properties of the enclosure, especially related to the thermal gradt thermal transmittance.

However, despite the growing awareness of the importance of embodied energy and emissions related to the
YEyYydzZFF OGdzNAYy3 FyR O2yadNUzOGA2Y LIKFaS:E addzRASE | NB T2
consideratbn given only to embodied or operating impacts. There has been no cledepth analysis of the
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effects and benefits of pushing towards better operating performance (more insulation) or an improved
embodied performance (fewer materials). One of the gadishe smart living building is precisely to couple
these two major perspectives (embodied and operating phases) into one single big vision. Regarding the
envelope, this means weighting the materials involved according to-aylifle point of view, andnderstanding
whether the operating savings are greater than the embodied impact.

412, 9y @St 21J5Qa AYLI OGa oeé aSyairiuragrite lFylfeaara
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in order to understand better where criticisms of this vital organ may be. It is very important to clarify that all
the results obtained arstrictly dependent to the assumptions made during the evaluation. Especially, regarding
the envelope, the materials implemented are the best one in terms of embodied energy, while the operating
parameters (Annef®.1and Annexl0.1) are not optimized for the operating energy saving. Moreovesea on

the State of the Art, the evaluation is made only on the winter energy behaviour, without considering the cooling
needs and the comfort assessment. The assumption made is that the building will provide internal comfort during
summertime with the itegrated passive design strategies.

However, in order to optimise the whole project, it is important to dig into the components and understand
better the meaning of the results obtained.

From an energy point of view, besides the electrical componehts,host influential parameters are the

windows ratio, followed by thermal transmittance and window type. The sensitivity analysis were made only on

the heating consumption, without considering cooling needs and comfort assessment. Thus the shading system

and the inertia effects are negligible, regarding the energy indicators. The effects of inertia become preponderant
according to the GWP indicator, due to concrete being used as the material for the assessment. Regarding this

last indicator, the glazing sfaice still has a medium to high importance, whereas thermal transmittance does

y2i® ¢NryatliSR Ayid2 (GKS Sy@gSt21I50a O02YLRyYySyiGas GKSaS
the windows.

Thermal transmittance and insulation

The thicknas of the insulation influences energy consumption more than the carbon emissions, meaning that
the impacts of heating due to poor insulation are greater than the embodied impact due to the production of
the insulation material itself. The boundaries ok#e results are to be considered as part of the framework of
the analysis, which has been carried out using cellulose fibre, an insulation material with a very low embodied
impact.
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CELLULOSE FIBER POLYSTYRENE

= Embodied (materials)

= Embodied (external walls)

Embodied (system)

Operating phase

Figurell: Percentage distribution of impcon GWP indicators for macocomponents. The analysis is made for case 60 in
the first sensitivity analysis (identified as the best case), changing only the insulation materials: cellulose fibryesgmenmol

A comparison is made in order to understatige importance of the choice of materials to be used for the

external walls. Keeping the thermal transmittance fixed but changing the material for insulation, the results may
change consistently. As shownhigurell, comparing the emissions related to the fibre and the polystyrene,

the results vary by a factor of 25 (from 0.3 to 7.5 kgKi), indicating the importance of the materials. However,

gvey GKS a{dlQaGS 2F GKS ! Nli¢ NBadzZ §a oWdzaaStyYS FyR oz
need to be avoided due to their high GWP.

Inertia and thermal storage

Thermal inertia is directly affected by the quantity of concrete usetiénconstruction. The results clearly show
that the effects on the energy part are much less important than those on the carbon emissions indicator; this
underlines the need to limit the quantity of material that can be used. These results refer to ted aittiation,

and it is clear that, in the future, a new manufacturing process may exist that could lead to better environmental
results for concrete. Inertia is also part of the vital organ storage and it is further explored in chgpter

Windows ratio and frame features

Transparent elements affect energy and carbon emissions equally, henceglefar further inquiry about the
correlation between saving energy and the related embodied impact, which was fulfilled in the second sensitivity
analysis. Windows were decomposed according to orientation and according to the quality of the glass and the
quality and size of the frames. On the operative part, the east and south facades, due to their large surface,
greatly influence both heating demand and electricity consumption. This influence is direct in the first case,
thanks to solar gains, and inditda the second, thanks to the increased daylighting. A comparison of the CO
impacts of a case study with three different scenarios for the glazing part (simple, double and triple glazing) has
been made irFigurel2to evaluate the differences in the results.
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Figurel2: Operating and embodied impacts for carbon emissions.in a case study with three different scenariegagiedle
(U: BV/m2K - g: 0.92- t: 0.83), doublgglazed (U: 1.1W/RK- g: 0.62- t: 0.8) and tripleglazed (U: 0.7W/iK- g: 0.5-t: 0.72)
windows. Windows to wall ratio: 0-8~rame 25% wood

Figurel2 shows the results of the three types of glazing for both the operating and embodied sides. Simple
glazing has the lowest embodied impacts among the solutions, however, the high energy requested to heating
the indoor paces due to the higher thermal losses makes this scenario the worst one. All the results obtained
are strictly related to the case study utilised and to the assumptions made during the analysis. It is important to
remind that the small embodied impactseadue to the utilization of very LCA performant materials during the
calculation. As expected, the embodied impacts increase with the increase number of glass in the elements. The
operating ones, instead, do not follow the same trend. Single glazing basighest El due to the low thermal
resistance of the windows, and the consequent high heating demand. Double glazing is the one that can balance
in a positive way the two quantity, achieving the best overall performance (OI+El). It has to be noticéxb that
triple glazing has a higher operative part. In fact, even if the heating demand is lower, thanks to the lower thermal
transmittance of the element, the lighting consumption is increase, due to the lower lighting transmittance of
the glasses.

To achievahe 2050 target value more effectively, all the elements must be weighted towards this diavale
perspective, and not just considered for the operation or embodied result.

Focusing on the material scale, it is possible to divide the whole windbevsent into two different sub
components: the frame and the glazing. The impacts of these elements are very different: in relation to the
surface, the impacts of the frame are 4.5 times greater than those of the glass (32 and 1444 It is

clealy necessary to investigate the major contributors identified with the first sensitivity analysis more
effectively and thoroughly in order to understand how to achieve the 2050 goals.

Conclusions
The second sensitivity analysis, therefore, focuses onctiteeisms detected by the previous one, regarding
lighting, ventilation and windows. These three parameters are strictly correlated since, by improving the
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daylighting and the natural ventilation, it is possible to act directly on the related electcoitgumption. The

clear conclusion is, beyond the assumptions made at the beginning and dig into the real results, that the envelope
and the glazing components play an essential role in achieving the 2050 goals, even if the direct impacts are not
S0 signiicant.

4.1.3. Solutions for the major envelope contributors

Minimising the embodied energy related to the materials used in the envelope is the first step towards
minimising the impacts of the envelope itself: during the design stage it will be important tatigsion to the

quality of the materials used. The choice of natural, recyclable or recycled materials can have significant effects
on final performance. Regarding the analysis conducted, it is possible to identify different criticisms related to
the enwelope, which must be thoroughly investigated in order to achieve the goals of the smart living building.

Component:EXTERNAL WALL

Target:
Table4: Target values for the external walls in smart living building
CEOW/pers] CEDnNfW/pers] GWP[kgCQ/pers year]
External walls 2.05 1.47 3.37

Solution: LOWCARBON WALL

As mentioned above, insulation seems not to be an issue as long as cellulose is considered. Changing the
insulation material, to polystyrene for example, leads to a significant change in the results. For this reason, the
impacts of the external walls vagreatly, and practical measures must be undertaken to limit the embodied
energy due to them. The proposed solution is based on the idea efdolwinnovation, bringing back traditional
materials into higkperformance buildings. This consists of straw lagan and a setsupporting core (the so

called Nebraska technique (Minke and Friedmann, 2005). This representgectoMowcarbon solution, which

utilises natural and easily available materials. To evaluate the potential of theddvon wall, an eission

impacts comparison is made between two different types of construction. The thermal transmittance is kept at
the same level in order not to influence the operating performance, while the composition of the walls is changed
so as to have an effect dhe embodied performance. The straw wall is composed of earth mortar, straw balls,

a panel of OSB and a layer of render (McCabe, 1993). The other option involves the wall used for the sensitivity
analysis, comprising render, wood elements, cellulose atisul and wood cladding. The reduction can be up to
three times less, highlighting the high performance of the proposed stratigraphy in comparison to one that is
already optimal.

Recommendation:

The important key point is to use materials with very liompacts from an LCA point of view. Translated for the
external walls, this means utilising locally available materials that are easy to obtain, with a low level of
manufacturing required. Another approach is to use recycled and/or recyclable materiah déiceases the

total LCA impacts.

To do:

The solution requires questions to be resolved in order to understand whether or not it is really suitable for the
construction of the smart living building. The first point is related to the external conditibfsibourg: from
G{GraGsS 2F GKS I NIi¢ 6wdzaaStyS SiG FfdX wnmpo AG Aa OfS
a problem for construction. Straw is particularly sensitive to moisture (Lawrence et al., 2009) and, therefore, the
behaviour of the enclosure must be tested and verified. Another criticism is the possible use of new technical
components in the construction: the smart living building needs to be flexible and adaptable to future change,
the proposed solution is massivadits suitability to the objectives needs to be better developed. Regarding the
envelope functions, it will be very important to understand better how the comfort issue and evaluation could
be integrated in this solution, especially regarding thermal ager and the inertial components needed to
smooth temperature peaks and maintain thermal stability.

30/ 128



Component:WINDOWS

Target:
Table5: Target values for the windows in the smart living building
CEOW/pers] CEDnfW/pers] GWPLkgCQ/pers yeatr]
Windows 2.35 3.15 4.8

Solution:MINIMISING FRAME
Windows are one of the major contributors to the embodied impacts in a building. The frame is almost 3 times

KSF@ASNI GKIy GKS 3JItlaa Ay & dzNmpodedt@iminidmsd thede impactslaO KA S @S

much as possible and, for this reason, a mordepth analysis on the frame has been done. Two different types
of frame have been considered: wood and aluminium. The biggest difference is in the frame percenthge on t
whole windows, since metal allows thinner profiles. Referring to the real component on the market, the
proportion of the frame size related to the window surface is evaluated taking into account the difference
according to the necessity of double ople glazing.
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Figurel3: Relationship between the whole window area and the percentage of frame for two different profiles (wood and
metal) and for different kinds of panes

It is clear fromFigurel3 that the best solution for minimising the frame is to have a large window surface in
order to achieve smaller frame proportions. However, a set of simulations has been evaladiethmperating

and embodied impacts, in order to see which combination of glazing and profile achieves the best results from
an LCA point of view. Taking into account the related frame proportions, different panes are tested: single,
double and triple glzing with metal and wood profiles. Unexpectedly, the materials of the frame turn out to be
more important than its dimensions. The combination that achieves the lowest results in terms of greenhouse
gas emissions is a double glazed pane with a wood fraitne.result indicates that it is unnecessary to use triple
glazing, from an LCA point of view, and the window frame should be made of wood.
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Recommendation:

The basic recommendation is to choose the profile based on the real needs of the constrantiamot only for
aesthetical reasons. Wood profiles are thicker but better performing than metal ones and, therefore, they should
be preferred.

To do:

The analysis shows the best combination of windows and frame in the smart living building contest,eno

more generally, the windows, and especially the frame, still give rise to the biggest criticism for the facade
performance against the target values. For this reason it would be beneficial to work on this part and to integrate
a profile that could rmimise the surface of the frame on the total transparent element.

ComponentWINDOWS

Target:
Table6: target values for ventilation, lighting-and windows in the smart living building
CEOW/pers] CEDnN{W/pers] GWP[kgCQ/persyear]
Ventilation 3.99 2.75 2.25
Lighting 16.75 11.43 9.45
Windows 2.35 3.15 4.8

Solution: CLIMATE BOX

It is apparent from the sensitivity analysis that the major criticism of the smart living building is represented by
electricity consumption due teentilation and lighting. These factors are not directly included in the vital organ
envelope, but the indirect connection between them is quite clear. The transparent elements influence the level
of daylighting inside the room and, therefore, decrease ifmrease) lighting consumption to maintain the
desired visual comfort level. Other highlight of the sensitivity analysis is the positive effects of the natural
ventilation. Its reduced embodied impacts combined with a low carbon heating generation desreassibly

the GHG emissions thanks to a lower electricity demand. Windows, therefore, have a great potential to minimise
the impacts of the smart living building and to help achieve the goals of the construction. For this reason, the
solution proposed ido integrate the control of these two contributors into only one element, designed to
respond to the issues with the lowest impacts possible.
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The basic idea is to have a prefabricated element that could incorporate everything necessary for ventilation and
lighting: as shown ifrigurel4, the glazing part, a shading system to protect from unwanted solar radiation, light
shelves to enhance the daylighting and a ventilation system. The main purpose of the sidutiananage all

the issues and aspects related to the windows in only a single component. The climate box aims to incorporate
all the functions mentioned above, but in a @issociated way. Separating openings for lighting and ventilation
makes possibléo minimise the frame (due to the implications of openable glazing), at the same time the
ventilation components could be opaque to reduce the glass impacts. The same is applied for the lighting and
solar shading, incorporating two different kind of shaglBystem.

Light Shelves
Light shelves reflect light deeper into the room, reducing the lighting requirements. Basically, they are flat or

slightly sloped platforms covered with highly reflective materials that intercept the sunlight and bounce it up to
a reflective ceiling, which bounces it back to the working surface.

Usually, they are placed within the structure, but some models can protrude outside. They can also function as
fixed shading devices. For efficiency, the internal height of the roomlghm®i3m; smaller rooms could reduce

the positive effects of daylight reflection. The penetration of the light inside the room is estimated to be around
2.5 times the height of the windows if the light shelf hang is 1.5m (Kroelinger, 2011). This elemasy i®
integrate, and is formed by an independent plate structure (metal, polycarbonate or wood) and a reflective
surface (metal or water). In order to minimise the environmental impacts related to this element, the material
must be chosen according tde life cycle assessment. Operating savings and embodied impacts must be
weighted to guide the implementation of this element. In order to amplify its effects, it must be designed
together with a reflective ceiling (white, metal). Positioning is also iraportant as, on a north facade and in
orientations that have different radiation profiles, the effects must be analysed better.

Reflected sunlight

o I—2L | ight shell
Blinds

Figurel5: Scheme showing the functioning of the light shelves to bring light deeper inside tine roo

BottomUp Sun Screen

The bottomup sun screen couples the sun protection and the psychological comfort related to the view out from
the working spaces. The screen slides from the bottom part of the windows, excluding the direct solar gains
enteringthrough the lower part of the transparent element, protecting the working surface and the related
activity area from glare. At the same time, it is still possible to keep a portion of the outside view if a fixed light
shelve is also used as a sunscreere iffain characteristic of this element is the possibility to shade the work
station from glare without shading the whole windows surface. In this way the upper part could continue to let
the solar gains entering the indoor.

The criticisms of the solutiorr@related to the waterproofing of the elements and to their integration into the
architectural concept, since the frame of the screen is visible and requires larger elements than nordwitop
curtains.

Ventilation column
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The ventilation column is iegrated in the modular windows, providing better comfort to each room. According

to the sensitivity analysis results, the most efficient option is coupling natural ventilation and efficient heating
supply system. For this reason the element will integrettural ventilation and enhancing natural air exchanges.
Some sensors can be placed to automatically open the element when needed. The opening flaps allow fresh air
to be flushed through during the night, without interfering with the security of the pmasi At the same time,

they can be integrated with PV cells, in order to contribute to the production of electricity.

A similar set of components is provided by TEmotion, by Wiédfas element regulates ventilation, sun
protection and natural light athe same time, thanks to an adaptable control system. The module consists of a
window with a normal solar screen and a ventilation column with automatic flaps covered by PV cells. The
simulations shows that it is possible to save up to 40% of primary grileagks to the mechanical control of all

the variables described.

To do:

The existing solution shown incorporates windows and a hybrid ventilation system. Due to the nature of this
element, one of the biggest criticisms is the maintenance of the fixetavwis and all the components.
Moreover, the technology required is highly visible from outside and takes up space on the inside, so it needs to
be well integrated into the architectural process. On a larger scale, it is also necessary to investigatatitigysu

of the component for the smart living building programme, especially regarding the performance, the guaranteed
Tt SEAOATAGE YR (GKS dzaASNBQ Sy@BANRBYYSyYyidlf LISNOSLIGAZ2Y N
question that must bdaced is the integration of natural ventilation in the building: to cut the impacts of the
electricity required for the ventilation system the best solution is in fact to use only natural ventilation. However,

it is not clear yet if this strategy could bised in the smart living building context. Thermal and acoustic comfort
must be assessed to evaluate this possibility.

4.2. Energysupply

4.2.1. Introduction

Providing energy to the smart living building in a sustainable way in order to guarantee the comforusttse

and to assure the usability of the building itself is fundamental to achievin@@8Watt Societytargets. The

SYSNEHE& ySSRSR (2 YSSi (GKS o0dzAif RAYy3a NBIdZANBYSyGa Aa Yl
2F GKS | Nda. 2019 oke aoBlinghSeds will be covered by appropriate passive strategies and design.

4.2.2. Heat

Heat is used principally for Space Heating (SH), but also for Domestic Hot Water (DHW). There are many ways to
reach the target values related to the heating supply as showrigare16, while finding the right balance
between the energy demand of the building [kWHnix-axis in theFigurel6) and the quality of the energy used

[kg C@KkWh] (y-axis inFigurel6).

4 http://www.wicona.com/en/int/Product/Facade/TEm@mn-Intelligentfacadeconcept/
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Figurel6: Current state and path to zesmission buildings (Leibundgut, 2011)

The first sensitivityanalysis has been used to understand which level it is possible to reach with the current
practices. This is why all the energy resources available (renewable and otherwise), with their related systems,
have been selected. Therefore, four possibilitiesehbgen proposed as regards the heating supply:

Natural gasthis solution is the only one involving the use of fossil fuel.
PelletsA i Kl & 06SSy asSSy Ay a{idlGS 2F GKS I NIé owdzaasSt
high-performance methodr Minergie houses and they are therefore often used.
1 Waste heat (district heating)this solution has been selected to model the waste heat from the nearby
industrial area.
1 Electricity (heat pump)electricity and heat from the ground are two resourcesitlde in the area, so
a heat pump with geothermal probes has been selected.

f
f

Table7 summarises the G@missions of the different energy resources used in theyasigl for 1 MJ of Higher
Heating Value (HHV).

Table7: CQ emissions for different kinds of fuel, for 1 MJ of HHV (Friedli et al., 2014)

Resource Emissiong CQ/MJ]
Wood 3,2
Pellets 9,6
Electricity HP 13,8
Natural gas 63,3

As already stated, heat is also needed to cover the DHW demand. Solar thermal collectors are coupled with the
chosen heat production system to provide hot water. Since solar collectors alone cannot feasibly supply the
entire demand for DHW, it becomes inmpant to understand how the integration of this system can influence

the final energy (and thus the emissions) used to meet thermal needs. The value used to describe this parameter
is the percentage of covering the hot water demand during the whole yeswgen 0 and 60%).

The results of the first simulations are presentedrigure AL, Figure A2 andFigure A3in the annex. From these
figures, it may be understood that any of the proposed solutions, in these conditions of usage, is able to achieve

35/ 128


























































































































































































































































































