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1 ABSTRACT

Within the Cool-down Gussing project, measures gastainable cooling of existing buildings were
investigated. While in new buildings the heat inpah be reduced by intelligent construction andsipas
cooling measures can be integrated relatively wasilinstalling surface cooling system (e.g. cotere
activation), the situation in existing buildingsnaich more difficult. Nevertheless, with suitableasures,
sustainable cooling, or at least a significant otida of the residual cooling demand, can be a@ueit has
been shown that there is no universal solutionalbdifferent types of existing buildings. For exale
different measures are suitable for large produactialls of companies compared to private households
Therefore, the buildings were divided into seveatkgories, like private households, companiespaidic
buildings.

Different types of night ventilation have shown dqmotential for public building and companies tduee
room temperatures by at least a few degrees. Hnide done either by means of decentralized véaotila
units or automatic window openers, or by intelligeontrol of existing infrastructure such as fientilation
systems which is especially suitable for produchafls. Especially for public buildings, financirgoften a
major challenge, so that suitable financing modwist be found. In addition, the heat input showd b
reduced as far as possible. This can be achievexktieynal shading and by reducing internal loadspé&r
user behavior should also not be underestimategl rdimaining electricity demand should be coverefhas
as possible with electricity from renewable generatif the installation of an own photovoltaic sy (PV)

is not possible, energy communities offer the pmkisi to purchase local renewable electricity avdrable
conditions.
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2 INTRODUCTION

In Austria, as well as in many other countriesréheas been a massive increase of hot days. Thearuwh
days above 30 °C has doubled to tripled in recectdes.[GeoSphere Austria, 2022] What used to be a
record a few years ago has become average nowonimection with the rising temperatures, the energy
demand for cooling has also increased steadilhénrécent years. This is problematic, as the operaff
conventional cooling devices is very energy-inteasaind can thus contribute to a further advancthef
climate change. Moreover, due to (currently) hitgceeicity prices, the operation of such coolingteyns
can cause significant costs. While in new builditigs heat input can be reduced by intelligent congbn
and passive cooling measures, which can be inemyratatively easily by installing surface cooligygstem
(e.g. concrete core activation), the situation xisteng buildings is much more difficult. Surfacedading
respectively surface heating systems can only trefitéed at great constructional and financial exge as
part of a comprehensive renovation. To enable ¢érfréendly cooling in these buildings, therefonet only
new technologies are needed, but also new and,eabbhy holistic approaches that combine different
measures and evaluate their suitability for theingxisting buildings.

Therefore, the Cool-down Giissing projeénvestigates different measures based on ninepiitdings. The
pilot buildings are composed of companies, privateseholds and public buildings in order to take in
account a broad cross-section of different requiéresiand initial situations. The cooling shouldcheried
out as sustainable as possible. In the first stép means reducing the required cooling energynash as
possible. Various measures to reduce the heat {immulation, sun protection films, installation @fternal
shading elements, construction of canopies, etergwvestigated and their suitability for the usexisting
buildings was evaluated. Furthermore, the potefiaintelligent (night) ventilation was investigat, that
the cooler air during the night hours can be usddwer the temperature in the interior spacesy @rthe

! https://smartcities.at/projects/cool-down-guesking
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use of passive cooling technologies is not (econalhy) possible or the required cooling capacityroat be
achieved with them, the use of active cooling tetbgies was examined. If this was the case, theggne
demand should at least be supplied with renewdbtdrieity. Especially photovoltaic systems areyveell
suited to supply cooling devices due to their stangity with the occurring cooling demand. In aialitto
the installation of own photovoltaic systems on tleof of the pilot buildings, renewable energy
communities offer stakeholders without photovoltgjstems the opportunity to obtain renewable etgigtr
locally at advantageous conditions in order to aggetheir cooling equipment. Furthermore, this rsffihe
possibility to use additionally available photowaddt electricity within the energy community for eth
purposes. These measures were combined with amsesde stakeholder involvement for demand
assessment, awareness raising and training foptamal user behavior.

The right choice of measures always depends onirttiwidual circumstances. No company, public
institution or private household is exactly the saas another. Therefore, general valid solutiores ar
difficult. However, it could be shown that theree amany similarities, especially within the respesti
building categories, where recommendations for megscould be derived from.

3 PUBLIC BUILDINGS

3.1 General conditions

Public buildings are often characterized by larlgsg surfaces, such as large window fronts or glagsred
staircases. A shading or cooling concept was usuall considered, especially in buildings consedadn

the second half of the twentieth century. Althoulgis creates a pleasantly bright indoor climatenynaf
these buildings are now affected by overheatingummer due to rising temperatures. An exampleisfish
the BORG in Gussing, which is one of the pilot Buigs. Already in early summer, temperatures beyond
30°C were measured in some classrooms, which havegative impact on the students' ability to
concentrate.

A second characteristic of public buildings is thficulty to finance cooling measures. The necgssa
budget is usually only available to a very limitextent or, in some cases, not at all. Dependinthertype

of public buildings, there are different stakehaofglewhich often have a very limited radius of aatio
Significant changes to buildings often involve ghhiplanning effort, as various committees have ¢o b
passed through. Depending on the owner of the ibgildhe responsible parties can be found at the
municipal, state or federal level. As a resultstiype of building requires particularly cost-etfee
solutions, both in terms of investment and operatim the rarest of cases, those responsible fer th
individual buildings are in a position to implemeatensive cooling measures on their own. Therefame
overriding strategy is required that promotes oarices cooling measures in schools and other public
buildings. Otherwise, the implementation of an egiee cooling concept will rarely succeed.

3.2 Recommendations for public buildings

In the case of public buildings, measures to redudar radiation and intelligent night ventilatioancepts
have proved particularly suitable. Although theatiation of a central cooling system would be ddde, it
is usually beyond the financial scope. The opemnatib decentralized cooling units causes high opegat
costs, which in turn burden the budget. In addjtitee air conditioning units used are not optimmahf an
ecological point of view. It is therefore advisalifenot already done, to install external shadipgions for
the window surfaces. In most public buildings, thems are used during the day. So, there is notioirgp
said against operating the shading manually. Howeansistent and early shading is important. &ms
are used only occasionally, a time control can belparry out the shading. Sun protection film aiffer
another possibility to minimize solar radiation atit completely darkening the rooms. Removablersola
protection films also make it possible to take thaffrin winter to avoid negative effects in ternfsheating
requirements.

With intelligent night ventilation, the cooler nigtemperature can be used to cool the buildingndutine
night hours, so that temperature peaks during tiye chn be reduced or at least postponed. Either
decentralized ventilation units installed in thepective rooms or automatic window openers aralsigitfor

this purpose.
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Automatic window openers can be easily retrofittednany windows and are cheaper to purchase than
decentralized ventilation units. Windows are openatbmatically in the summer months as soon as the
outside air temperature drops below the temperdtgide the building. Rain sensors enable the wirsdm

be closed automatically in case of bad weatheradditional timer control also makes it possibléoick the
automatic window openers for certain times to redin@ potential risk of injury from trapped fingefhis

can be patrticularly relevant for schools or kindetgns. Basically, a distinction is made betweendaiv
openers that tilt the window and those that openatimdow completely. The wider windows are opettled,
higher the air exchange and thus the cooling effdotvever, since public buildings are usually nsed
during the night hours, burglar protection musttéieen into account in this regard. Automatic window
openers are therefore particularly suitable fohaigloors. Optimal are rooms that have windowsewveral
sides or concepts that combine several rooms bysnefiwall openings or open doors. Another issge ar
animals such as birds or bats that can get intdtiilding when the windows are open, setting offrais.
Meshes mounted in front of the windows can remédy; but also reduce the air exchange rate.

Decentralized ventilation units are more expensivg@urchase and have, albeit slightly, higher dpega
costs. On the other hand, the windows remain clasedall the problems associated with open windanes
eliminated. In addition, they offer the advantadge pooviding controlled ventilation during the day,
depending on the CO2 content, thus ensuring tlaets no higher heat input than absolutely necgssa
during the ventilation process. In winter, thesatiation units can also be used to reduce heatgis
through integrated heat recovery. Furthermore, dfien possible to retrofit cooling modules inectisey are
needed later on.

3.3 Example: BORG Giissing

This pilot building houses the BORG and the ECOUBAHG(ssing. The students and teachers suffer from
far too high temperatures in the classrooms ay earMay. Although the building has external blinidey

are not sufficient as a stand-alone measure tceptesverheating in summer. The classrooms on tht so
and east sides of the building are particularle@td. A glass roof also causes additional heatfrifpe
stairwell.

Measurements have shown that 30 degrees and nomoauncommon. It has also been shown that even
during comparatively cool nights, temperatureshim ¢lassrooms cool only slightly, as can be sedfgri.
While outside air temperatures drop below 13 degiheing the night, indoor temperatures do not drop
below 25 degrees. It was therefore decided to etwip of the particularly affected classrooms with
decentralized ventilation units for night ventitati Automatic window openers have not be an ogtidhis
case because there is a heating plant in the inateedicinity, from which a stronger dust input mbst
assumed in unfavorable wind conditions.
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Fig. 1: Temperature profile in the school buildmgasured in the year 2020.
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The units will be installed in the summer of 2083s assumed that there will be a significant iaun in
room temperatures during the night hours, whictukheesult in a much more pleasant indoor climate,
least in the mornings. In addition, an outdoor €l@ee Fig. 2) has been installed to escape thedssroom
on particularly hot afternoons.

Fig. 2: Picture of the outdoor class of the BORG @iiss

The financing of the cooling units was achievedspgnsoring from an executing company, as this would
not have been possible from the school's budgeealithin the framework of the project, furthardncing
models were developed (crowdfunding, leasing, ejeon the basis of which schools can generatadurt
income for cooling measures. However, the integnatif a comprehensive cooling concept is only fbssi
through the provision of financial resources andbslies from a higher authority (in this case the
Bundesimobiliengesellschaft). Such measures arentlygneeded and should be rolled out nationwide, a
the BORG Giissing is by no means an isolated case.

4 COMPANIES

4.1 General conditions and recommendations for compange

Companies were divided into office areas and prbduchalls, as these are subject to very different
requirements. In the case of office areas, pasatleh be found with public buildings, although tim@ncial
constraints are usually less pronounced. The §irsp is to minimize solar heat gain. External shgdi
options and solar protection films are suitabletfos purpose. The installation of canopies can edsluce
solar radiation. Optimally, these are combined \pitlotovoltaic systems so that renewable electrity be
generated at the same time to operate cooling eguip Cooling can also be provided by night vetititg

as described in chapter 3. In addition, roofs omweercial buildings are usually well suited for the
installation of PV systems, so that, if necesstrg,power supply of conventional air conditioningts can

be covered with local renewable electricity.

The cooling of production halls is usually a magballenge if it has to be achieved at reasonaldée és
shown in chapter 4.2 on the example of the Guttoroatpany, the control of the already installed fire
ventilation for night ventilation has proven to dbeost-effective measure, with which the tempeeatim the
halls could be significantly reduced overnight. Hgwickly the halls warm up again during the dayetefs
on the structure of the building and its use, butmany cases the time of severe overheating can be
postponed by at least a few hours. If possibleeartier start to work in the summer months can &kso
considered to take advantage of the cool morningrdicAnother option for cooling production halls is
adiabatic cooling. Adiabatic cooling is based oa ¢vaporation process. The water evaporates initlees
the air stream passes over the water. The air s because the thermal energy required forishis
extracted from the air. The advantages lie in thktively low energy input and low maintenance
requirements. The performance depends on the eussidemperature and the humidity. Humid air igeno
difficult to cool than dry one. Nevertheless, thaling capacity is significantly higher than theoting
capacity of night ventilation, especially at hightaoor air temperatures during nighttime, but aalimb
cooling also involves significantly higher investmeosts.
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In addition, it is advisable to take a look at thirnal loads. In many cases there are devicéstha heat.
Often this heat input can be reduced by suitaldel&tion measures or by targeted heat dissipation.

4.2 Example: Guttomat®

Guttomat is a production company for overhead jaeal, tilt-up and industrial doors. Overheatingois in
the summer months due to the structural conditsorslarge windows in the production halls as altedu
direct solar radiation as well as heat input via thof surfaces. In this case the existing firetietion
system (smoke and heat extraction) was adoptecetaskd for natural ventilation. The fire ventilatio
system at Guttomat consists of louvre and hoodile¢mrts. In addition to the fire ventilation funati the
system is designed to provide natural ventilatiprutilizing the thermal load within a building adumction
of pressure or temperature difference. Based @staoperation, the potential of night ventilatiauld be
confirmed. An example of this is shown in Fig. 3.
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Fig. 3: Effects of the night ventilation test byngsthe fire ventilation system.

In this case, night ventilation was activated byanseof a fire ventilation system on thé"x8 July at 10 pm.

It can be seen that an immediate reduction ofrikiglé air temperature, especially the one neaftdbewas
dedicated. The temperature drops continuously thiinight ventilation was stopped at about 4 olcldue

to precipitation in order to avoid moisture ingreBgspite the early termination of the night veatidn,
significantly lower temperatures could be reachrethe morning hours than for example on th8 a2July
where no night ventilation was carried. It has ¢onbentioned, that the outside air temperature erl 8 of
July was lower than on the Ldf July which might have an additional beneficidfect on the indoor
temperatures on the T®f July, but nevertheless the effects of the nighitilation test are shown clearly.
According to the employees who are in this aree,right ventilation brought a noticeable improvemen
especially in the morning hours. After that, a weeeé heating of the hall occurred, but the time of
overheating could be postponed for several houhis 3olution was preferred to adiabatic coolingduse
of the significantly lower investment costs.

5 PRIVATE HOUSEHOLDS

Private households differ from other building typederms of hours of presence. Solutions for auatien
night ventilation, which are advantageous for pulbluildings and companies, are usually not needed f
private households, as the occupants are usualigrae during the cool night hours and can carrytoet
ventilation manually. If this is not the case, swsthiutions are of course an option. Furthermorieape

2 https://www.guttomat.at/
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households in the Cool-down Gissing project wevidd into single- and multi-party residential lolifigs.
Depending on ownership and dedication, differetioog are available to residents.

If single-family homes are heated with a heat puongf a heating system replacement is imminentakes
sense to use the heat pump for cooling in the sunmoaths. Ground source heat pumps are particularly
well suited for cooling, as the cooling circuit che used for passive cooling in summer (i.e. withou
operating the heat pump itself). In the case okairrce heat pumps the heat pump can be operated as
chiller. This requires a higher energy input, bspexially in combination with a PV system, it idl st
comparatively effective solution. If no heat purspaivailable, ground heat exchangers with air flaw be
used to precondition the supply air in combinatidth a ventilation unit.

In multi-apartment buildings, the individual resnte usually have only limited options availablehem. In
most cases, a conventional air-conditioning spilit is the only possibility to realize cooling. Tat power
models, i.e. common PV systems installed on thd ofomulti-party apartment buildings, as well as
participation in an energy community offer possiieis to supply them with local renewable electyici

Proper user behavior should also not be underestin&entilation procedures should be carried aut a
shock ventilation. The windows should not remairerodonger than necessary. £§&nsors can help
determine the correct ventilation time. Windows wHobe shaded in good time with external shading
measures. Before leaving the house or apartmeist,rdcommented to shade all windows where a direct
exposure to sunlight may occur. Automated systesush as Smart Home, can support this but are not
mandatory.

6 CONCLUSION

The installation of sustainable and at the same tiffiordable cooling solutions in existing buildns a
major challenge if no comprehensive renovation Wwél carried out. The installation of conventionial a
conditioning split units is often the much simpéstution. Nevertheless, with suitable measuregasable
cooling, or at least a significant reduction of tkesidual cooling demand, a cooling effect can digexved.

In public buildings, which usually have a partiglyalimited budget, automatic window openers and
decentralized ventilation units have proven to letigularly suitable. These are characterized by lo
investment and low operating costs. In this casecbol night air is used to cool the classroonrinduthe
night hours. The performance of night ventilatistimited by the outside air temperature, but imyneases

it helps to improve the situation significantly atml postpone overheating at least for a few hobms.
production halls, the cool night air can also bedur cooling. For this purpose, the fire ventdatsystem,
which is installed in many cases anyway, can be&l.udaother option is the installation of an adiabat
cooling system. In addition, internal loads shdmtdidentified and reduced. In the case of privatesks or
apartments, automatic night ventilation is usually expedient, since people are usually presenmnhglane
night hours and can carry out night ventilation oelly. For houses, the combination of cooling wiitle
heating system is a good option. Especially geathkheat pumps are well suited for this purpose- Ai
source heat pumps can also be used for coolingpwh in this case the energy rate is higher. A
combination with a PV system is a good way to cdkierelectricity demand with own renewable eleittric
and to reduce the operating costs. In apartmersreroften only the installation of a conventiosgglit air
conditioner is possible, the electricity consumptean be covered by a common PV system on theafoof
the apartment building (tenant electricity model)by joining a renewable energy community with loca
renewable electricity at more favorable conditions.

These solutions should always be combined with oreasto reduce solar gain, e.g. in the form of rexetle
shading measures. During the day, ventilation ghonly be as much as necessary and should bedcarrie
as shock ventilation.
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