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1 SUMMARY

A new approach of highly-efficient thermal refullmsents of multi-family buildings is presented tlhais a
high potential to reduce costs and simplify theokation processes significantly. This approachased on
prefabricated curtain wall elements that integcat@ponents for the energy supply system such aphegs,

PV panels and all the necessary pipework for sugpti/waste water lines. By using pre-fabricatetdagumvall
elements, scaffolding and the relocation of inkaatig can be avoided.

Three different system concepts have been evalaatécompared to a reference retrofit in termsrihary
energy and life cycle costs. It has been shown that new concepts can reduce the primary energy
consumption significantly while reducing the coster the lifetime of the system.

Finally, a functional mockup of such as pre-faltechfagade was constructed and successfully testde
laboratory.

2 INTRODUCTION

There is a huge potential for highly efficient timat refurbishments of multi-family buildings thabuld result

in significant reductions of C@emissions. However, the renovation rate for exgstbuildings has been
declining for the past few years. In the case ofjp@hensive thermal renovations in Austria, it waky 0.6%
from 2004 to 2014 which is significantly lower thdre goals set in the Austrian climate protectieport. The
current technical renovation standard as well as rdnovation process have repeatedly proven to be
insufficient in terms of providing the appropridateentives. This applies not only to structural bigo to
HVAC refurbishments.

A comprehensive paradigm change is necessary ar twdncrease the refurbishment rate. There isea mot
only for financial incentive mechanisms but alsptérhnical solutions and business models whiadwafbr a

simplification of the renovation process. Thistunn, will result in lower costs for the owner atig users as
well as in an increased property value which wallrbflected in monetary terms.

Facade elements with a high level of insulationaavery promising technology for large-scale buigi. They
can be prefabricated to a high degree which alldars quick installation and excellent quality of
implementation. One possibility for reducing costsstantially and simplifying the prevailing renbea
processes is the integrating of more functionalfitg traditional curtain walls, e.g. using the sigds as energy
conversion areas or for energy storage, integratingll-scale heat pumps and ventilation elemerits time
prefabricated component as well as distributioredifor heat, water, air or disposal of waste walée
recently completed research project “HVACviaFACADEamined exactly this approach.

3 POTENTIAL

In a first step, it was assessed which type ofdingls from which period of construction offers thighest
potential to introduce retrofitting with pre-fabated curtain walls. Based on statistical data frbostria,
multi-family buildings from the 1960s to 1970s weselected. The reason is that there is an espetiaie
number of such buildings in Austria that have rettljeen renovated. Typical floor plans of buildifigsn this
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period were used to define a reference buildindy Witfloor levels and 12 apartments (see Fig. 1¢ thal
gross floor area is 687 m2. This reference buildigg used to define a reference retrofit and aréewvation
concepts with pre-fabricated curtain walls thatude different functionalities of the heat suppygtem for the
apartments. These concepts were compared witleteeence retrofit from the point of view of primaegergy
consumption and life cycle costs.

Fig. 1: Reference building

The reference retrofit consists of a thermal insotacomposite system with supply and waste wareslall
led inside the building. The energy supply systera central gas boiler for space heating and elatwater
heaters for domestic hot water in each apartment.

4 EVALUATION OF CONCEPTS

At the start of the project, 24 energy supply caisavere defined that allow for the integratiorHMAC into
pre-fabricated curtain walls. Their suitability asll as implementation was evaluated in a quantéss well
as qualitative way. The technologies evaluatedbased on the five main technology groups: solamihag
photovoltaics, heat pumps, ventilation technologyvall as water heaters and heat transmissionrsytest
concepts consisted of a combination of technologiiexf hybrid systems.

Three system concepts were selected based onviilisadon of concepts. They were simulated in débaithe
reference multi-family building with 12 apartmerasd for 2 different thermal insulation standardsating

demand 30 and 15 (kWh/mz2a)) implementing wood auntealls. For this analysis, the dynamic simulation
environment TRNSYS was used. Two system concemsousloor air heat pump solutions in combination
with facade-integrated photovoltaic systems. Onalehdias a central heat pump and the other one uses
decentralized small-scale heat pumps which aregrnated into the facade. The third concept is actete
heating system using infrared heating elementinbénation with photovoltaics. All system conceptsre
simulated with different PV surface areas and cglythe same ventilation technologies depending onlyhe
thermal insulation standard. For space heating ddn38 it is a controlled ventilation system witlcentral
exhaust fan and air intake via an opening in thedewv structure. For space heating demand 15 it is a
controlled ventilation system with heat recovery.
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Fig. 2: Schematic representation of chosen systeroapts (left: central heat pump, middle: deceiziedl small-scale heat
pumps, right: electric heating system)

5 ADVANCEMENTS OF THE PRE-FABRICATED CURTAIN WALL S YSTEM

Based on the experiences from previous projeatswtiod curtain wall system was further developdt goal

80 was to reduce the costs by minimizing the numbéaysrs and by transferring simpler constructi@pstfrom
pre-fabrication to the construction site. One nsé@p was that the equalizing layer that is necgdealign the
curtain wall with the existing wall was considesla constructive element. The necessary insulkgtyan is
used to equalize the existing wall (see Fig. 3)ti@nconstruction site, battens are mounted oexisting wall
to equalize it. Then the pre-fabricated facadeosimed and insulation material is blown into the gatween

85 the existing wall and the facade element. In addijtiactive as well as passive HVAC elements such as
ascending pipes, descending waste water pipeslatemt pipes etc. are integrated into the fagade.

Thanks to all these measures, it was possible timize the current construction technique for waouitain
walls so that the costs could be reduced by 30%.
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Fig. 3: Schematic representation of the newly depedl concept for pre-fabricated wood curtain walls

6 SIMULATION RESULTS

95 The simulation results were analyzed based on timeapy energy consumption of each innovative system
concept compared to the reference retrofit. Thenany energy factors 1.17 for gas and 1.91 for etgit
(annual mean value) were used. For PV electriaitystorage was assumed. That means the electrizty t
could be used directly by the system, was detemnaral deducted from the final energy consumptiothef
system. Excess PV electricity was assumed to banfedhe grid but not taken into account for tinergetic or

100 cost analysis.




The simulations showed that for the low energyding (30kWh/(m2 a) space heating demand) implemgnti
heat pumps already reduces the primary energy d¢imad0-50% compared to a reference scenario &\ a
system increases this reduction to 65-70% (see 4ig.Electric heating via infrared elements without
photovoltaics does not lead to any advantagesrmst®f primary energy demand, compared to the eater
105 renovation. In order to keep up with the primargrgy demand of the heat pump systems, it requirge PV
areas which cannot fit onto the building anymorde Telectrical heating system without photovoltaics
consumes slightly more primary energy than theregfee system due to the heat losses in the refesstem.
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110 Fig. 4: Primary energy savings for the three systentepts compared to the reference retrofit (30K a) space
heating demand)

For the passive house retrofit (space heating ddri&jy the primary energy savings are somewhaetsagd

the direct electricity system can reach the sarimaguy energy savings of 70% with a PV surface afgidy

420 m? which would mean that the entire east, \aest south facades as well as the roof (excepthier t
115 windows) would have to coverered with PV panele (Sig. 5).

The same analysis was also carried out includingsdéloold electricity consumption. Of course somehef
excess PV electricity can then be used to coverctmsumption of the household appliances. Howewer,

primary energy savings go down by about 10 pergentaints for the same PV areas.
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Fig. 5: Primary energy savings for the three systentepts compared to the reference retrofit (15hKW? a) space
heating demand)

7 LIFE CYCLE ANALYSIS

Another important aspect of the project was theadyic cost calculation of the entire renovation epts and
125 processes over the whole life cycle, from the aoiesion to the demolition and removal of the bunlgli The
analysis was carried out using the present wortihoaethat assesses all occurring costs duringfétare of a
building relating the costs that occur in the fattw their present worth. For that purpose intesest inflation
rates were defined (see Tab. 1). The investmens eos lowest for the reference retrofit: The dirdectricity
concept shows the lowest investment costs of tixeaomcepts followed be the central heat pump systedh




130 the decentralized heat pump system. Important fectoe the cost of the necessary PV system and the

operating costs.
Tab. 1: Parameters for present worth method

Economic Factors

Period under consideration [a] 40
Interest rate on capital [%/a] 4.0
General inflation rate [%/a] 20
Inflation rate on natural gas [%/a] 41
Inflation rate on electricity [%/a] 4.0

When combining energy-related as well as econospects and calculating the heat generation costistbe

135 whole life cycle, it becomes clear that the heahpisystems not only achieve lower primary energyated
but also lead to lower life cycle costs than thierence renovation (using conventional thermal latgan
systems and gas boilers). In Fig. 6, this is shfwrihe heat demand 15 building. The reductionifef dycle
costs depends on the size of PV area includedersystem. Highest life cycle cost savings can Ilgeaed
with no PV area, but primary energy savings arédstywith roughly 180 m2 of PV i.e. it's a tradd-bétween

140 life-cycle costs and primary energy savings. Lijele cost savings are somewhat smaller or for soases
negative for the decentralized heat pump system. rElasons here are quite high investment costshéor
small-scale heat pumps which may be reduced orgestte mass-produced.

The cost reduction potential of the electric heasgstem via infrared heating depends heavily enttiermal
145 insulation level. Heat demand 15 allows for costaatdages over the reference scenario while heatwgrd0
does not (compare Fig.6 and Fig. 7).
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8 DEVELOPMENT AND CONSTRUCTION OF FACADE ELEMENTS WITH INTEGRATED
TECHNICAL COMPONENTS

Due to the good performance of the heat pump systdm concept using decentralized heat pumpsaich e
apartment unit was selected for implementation éntwrtain wall module as well as an 11 m? tesneld. A
functional mockup of such a facade was construttati combines several technical elements (see8figh
window element, normal facade elements as well dsca element that includes a small-scale heat pamap
the necessary pipework as well as a PV element.
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Fig. 8: Schematic representation of a curtain vegdhde element built up from separate elements

The complete integration of the small-scale heatginto the curtain wall proved to be very challieigg The
heat pump concept had to be revised entirely dattieavolume of the equipment could be reducednty 60
liters, i.e. its size is comparable to a desktopwle still producing up to 3 kW of heat. At thange time an
intelligent solution for maintenance and repair kveras developed by implementing a rolling systemit th
allows for easy access to the heat pump when opéninwindows. The heat pump is integrated intbtis(AC
duct together with all the other supply lines. Thitows for easy prefabrication (can be done by KVA
contractors). For the integration of the photovolgystem into the facade a mounting system wagetbthat
follows the same sealing and mounting principlethasconventional mounting system for facade paféls
allows for aesthetic, simple and cost-effectivedgnation of the PV system into the facade.

Fig. 9: Functioal mockup — left: design drawinglué facade model with integrated small-scale paatp in the duct
element (in the horizontal plan the heat pump @wshin pink), right: design study of the fagade mlogicture source:
Nussmiiller Architekten ZT GmbH)
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9 LABORATORY TESTS OF FUNCTIONAL MODEL

A number of laboratory test were carried out onftirctional model to analyze the airtightness, dheustic
insulation and the sound intensity during operatibthe heat pump. Also, a driving rain test wasdweted.

Fig. 10: Setup for the driving rain test (pictgmurce: TU Graz)

During the driving rain test according to EN 121&4d EN 12155, a small water intake was detecteal at
pressure difference of 300 Pa. After additionalevgiroofing of the affected area, the test could¢dinued
up to 600 Pa without problems. That means thafabade setup is well suited for the use as raiofdoarrier

of a building.

An aspect that will need further attention durihg tontinued development of the construction issthend
conduction from the heat pump in operation to ofmants of the facade. In the tests, some vibratibthe
window element could be detected that need to lee out by constructive measures.

Overall, the metrological analysis of the functiomadel consistently showed positive results.
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11 CONCLUSIONS

There is a huge energy savings potential in thentheretrofitting of multi-family buildings. Howevethe
current retrofitting process is not suitable inardo reach the set climate goals in Austria antbjel An
entire paradigm change is necessary that inclugeg technical solutions, business models, incentive
mechanisms, simplification of the retrofitting pess as well as cost reduction.

The project presented in this paper suggests aitsdlsolution that allows cost reduction and sifigation of
the retrofitting process by means of pre-fabricabéghly insulated curtain walls that include fuoctal
elements such as heat pumps, PV panels and aisagepipework. Thereby, retrofitting costs candmuced
by avoiding scaffolding and relocation of the initabts during retrofitting.
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Three new system concepts were analyzed in detathéans of detailed system simulations and lifdecyc
analysis. The results show large savings in pringargrgy consumptions as well as a reduction ofdjfele
costs.

Finally, a functional mockup of a fagade elemertuding PV and a small-scale heat pump was coristiuc
Laboratory tests of the facade show positive reghtt should lead to further development of thecept and
first demonstration systems in the near future.

More details on the project HVACviaFacade can hmibin [Fink et al., 2017]
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