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1 ABSTRACT

Climate change and rising temperatures particulaffgct the built environment and intensify the &b
Heat Island (UHI) effect in cities. Nature-basedusions can have a balancing function and reduce
overheating. However, greenery still receives ttile lattention in architecture and is added as@ditional
element at the end of the planning phase or eventhk building has been constructed.

For a climate resilient urban development in therfe) in addition to a change in processes, a éangeal
estate development and in the project managemeetisssary.

At least, three preconditions must be met for thisappen:

e Sound knowledge base: Many studies already exitimg the positive effects of nature-based
solutions for densely built cities. However, theoltedge transfer to real estate companies is still
insufficient as they require precise and site-dpeaiformation showing effectiveness of greenery
on microclimate, building envelope and indoor terapgre. At best, analyses apply a system view
and consider interrelations with water and energy.

e Greenery-friendly planning framework: Real estatvelopment takes place in compliance with
local planning standards and procedures. Plannirgegies and regulations, standards, urban
development contracts and funding programmes diganfiluence urban design and development
and hereby have great potential to promote greening

« Integrated mindset: In architecture and real egfateelopment, it is still not standard to include
greenery and nature-based solutions in designnjpigrand construction. Building optimization also
includes greening. Thus, it needs an integrateddsein regarding greenery as natural part of
architecture. This requires more awareness and lkadge about climate change and the benefits of
nature-based solutions on quality of life and vailfiesal estates in the long run.

The paper summarizes the experience of an intéplisary cooperation in the research project
GreenDeal4Real and addresses all three aspeatsaih dAnalyses of the planning framework in Viersmd
impacts of greening measures on the microclimagedascribed and general conclusions for more green
real estate development are drawn.

Keywords: microclimate simulation, real estate depment, nature-based solutions, planning framework
climate resilience

2 INTRODUCTION

The latest IPCC report confirms that worldwideestiare already affected by climate change with thega
effects on human health, livelihood and key infiadure (IPCC 2023). Thus, in order to sustain the
liveability in cities, adaptation measures to clien@hange must be implemented today to proactively
counteract negative developments in the futureliasate change and its effects on cities in paréicus
expected to continue through the 21st century (6s®@012, Christidis et al. 2015, Qiu and Yan 2020)
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Main issues in cities are the above-average warrkitgvn as Urban Heat Island (UHI) effect and the
increase of heavy precipitation and its resultimgoff intensity (IPCC 2023). Causes are to be founthe
typcial urban structures with sealed surfaces amdtcuction materials with different heat storagpacities
than natural ones (Sharifi and Lehmann 2014, Setghl. 2020), absorbing solar radiation during dag
and releasing the energy surplus in the form ofibda heat flux and longwave radiation during thght
The UHI effect is further intensified by anthropoageheat emissions, which are among others prodhged
traffic, households, industry and increasingly tlgie air conditioning systems (Sham and Memon 2012).

Climate scenarios and projections show that theatlc situation in cities will even worsen in théure.
Brown (2020) researched the present and futuremasat hazard for cities worldwide and found that
temperatures are expected to rise during heatwhyelsetween 3.4 to 6.6C until 2099 (basis 2006).
Although it is proved that more intense and frequesatwaves result in excess deaths, this is astill
“invisible risk” that is not given sufficient attgéan in policy and planning (Brimicombe et al. 2021

Thus, it is high time that cities seriously addréssr vulnerability to climate change and startramsform
towards climate resilient urban structures. Mord amore cities are becoming aware of the impending
effects of rising temperature and extreme weathents and strategically plan and start to adaputban
environment to the upcoming changing framework domts. Green and blue infrastructure, i.e., a oekw

of green spaces and water permeable surfaces bhasaatividual plants, green facades or greenscarfid
corresponding rainwater management play an eskeot@ for the urban microclimate and represent a
possibility to significantly reduce the extent ¢fet UHI effect (MA22 2015, Roehr and Laurenz 2008,
Kleerekoper et al. 2012; Norton et al. 2015). Iné¢igg nature-based solutions into urban structbedss to
mitigate negative climate change impacts such a#t B&ress and flooding through natural cooling
(evapotranspiration) and water absorption, stoeaggkinfiltration (Carter 2018; Everett et al. 2018t al.
2019). Nevertheless, it is not even a matter ofrsmdor new buildings that optimal and most effeti
greening is implemented.

Exactly this issue is addressed in the researdeqirtGreenDeal4Real - Improving the thermal corhfor
mixed-use areas through cost-effective green itrfremire”, which is funded by the BMK (Austrian
Ministry for Climate Action, Environment, Energy,d4ility, Innovation and Technology) and implemented
under the "City of Tomorrow" program. The projeesearches how positive effects of greening measures
can be assessed, quantified, optimised and inesbiatio planning and construction processes. Amahceal
estate development project in the 22nd districViehna is taken as case study and demonstratierfasit
testing the optimal integration of green measum¢s the design and construction process. The resear
project contributes to the construction procesanrearly planning stage when it is still possildeatiapt
static and design and to integrate greening inthtdéecture. A systemic, integrative approach issped,
which is also reflected in the composition of th&erdisciplinary project consortium consisting b& tAIT
Austrian Institute of Technology GmbH, 6B47 Realdis Investors AG, the landscape planning companies
grunplan gmbh and Lindle+Bukor, the City of Vienrepresented by the MA 18 - Stadtentwicklung und
Stadtplanung, the greening company 90deGreen Gminld #he green innovation laboratory
GRUNSTATTGRAU. The exchange in the interdisplinagam allowed mutual learning and revealed
regulatory barriers at the interface of private poblic sectors that were discussed with city adstiation.
Findings from the analysis for an efficient implertaion of urban greening technologies, the micnoate
simulations and the planning lab are presentelddridllowing.

3 BENEFITS OF MICROCLIMATE SIMULATIONS IN THE EARLY P LANNING STAGE

In the last decades, microclimate simulation modssame an important tool for the assessment of
microclimatic performance of urban planning anddiog projects. While some models support the aisly

of selected parameters (e.g. solar radiation, wordfort), others aim at a holistic representatibphysical
processes in complex urban environments. In thgegrdGreenDeal4Real”, two different microclimate
simulation models were applied. While the Ladybog suite (module of the Grasshopper Plug-in ofrighi
3D) was used for evaluating radiation parametdradigg functions, mean radiant temperature in faint
facades), ENVI-met as an example for a holisticratimate model served to quantify the effects of
greenery in an early planning stage of the reatestevelopment project. ENVI-met is a three-direare
model, locating buildings, vegetation and surfagesa rectangular grid structure and simulating j@ays
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processes and interactions, such as radiation, wiydamics, atmosphere-surface interactions,
evapotranspiration and others. It is thus suitadbidemonstrate the effects of greenery within pinggect.

While the entire real estate development projectiv&led into seven construction sites, two of thieawve
been used in the microclimate studies. The 3D mofdile buildings and vegetation were designedim&®

3D based on the current planning status and direotported to ENVI-met to guarantee a consistent
simulation process in both models. For meteorokidsoundary conditions, June 10th 2010 was selexted
a representative hot summer day from a typical anetegical year (data source: EnergyPlus WeatHe).Fi

Figure 1: left: Model domain designed in Rhino 3iildle: Model domain imported to ENVI-Met, right i@ntation of domain

Based on the simulation results of a draft versiothout greenery, the interdisciplinary project rtea
discussed options for fagcade greening, green Kgufkiding water management and retention) as agthe
economic viability and developed realistic versiaisapplicable NbS for the site. The close coopenat
between real estate developers, landscape architgatening experts, microclimate experts and local
authorities in the project provided the possibitityhighlight important aspects from different gmrstives in

an early planning stage, allowing for consideratdrstatics, architecture, rainwater managementfand
relevant adaptations. The consideration of micnogte simulations in an early planning stage prdeebe
essential for facilitating fruitful discussions afbogreening measures and adaptations to convehtiona
building design. Such changes towards microclimeffective NbS have to be taken in an early plagnin
stage when costs of design changes are still laitt@nability to impact design is high.

First conducted simulation results focused on theyais of solar radiation with the Ladybug tooitsult
revealed the shading function of balconies on Smutlriented facades (Figure 2) and suggestedctasfo
facade greening options on west- or east-facingdes. Besides, the roofs were identified as mgsbsed
areas to solar radiation. To provide the necesgawymal comfort and make use of the roof areasnat o
high-rise and both low-rise parts of the buildirags gardens and recreational zones, NbS were redquire
fulfilling the necessary shading function. Follogithis recommendation, intensive roof greeninguidicig
trees and pergolas was included in subsequent aiimog with ENVI-met. On the remaining roofs,
extensive roof greening was applied (Figure 3).
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Figure 2: Solar radiation analysis of June 10tlH,Q20

With regards to facade greening, various types baea discussed in focus groups:
« Wall-mounted green facade with substrate layet &indl partial coverage)
e Ground-based green facade without substrate l&yleatd partial coverage)
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» Trough-based fagade greening without substrate (hyand partial coverage)
» Climber systems in front of balconies

In accordance with experts for fagcade greeningneeuc viability and fire protection considerations,
partially covered wall-mounted and trough-baseddacgreenings were selected for further microckmat
simulations. Sensitivity results focusing on th&eets of facade greening on Western and Easteemted
walls, showed the expected results of strongestefffor Eastern oriented facades during the mgrdaurs
and Western oriented facades during the afternodreaening hours. Due to increased microclimatieot$
during the times where cooling effects are dededesidents of the building (afternoon and eveitagrs),
facade greening was focused on west-facing facesdes detween balconies on the high-rise buildinghe
middle of each construction site. For simulatiorrpmse, each selected type of facade greening (wall-
mounted, trough-based) was applied to one buil¢Higure 3).

To evaluate the effects of both types of facadermrg on the outside and inside wall surface teatpes,
one grid point with applied greening was selecteebah building and compared to the draft versidhout
greening (Figure 4). The trough-based version d¢edlyto a reduction of the outside surface tempegatu
during sun exposition of max. 2.2 °C. After suret surface temperature adjusted to the non-gresgh d
example. However, the effect on the inside surfaoceperature remained throughout the day without any
significant peaks, but an increasing differencéh®onon-green version during the simulation perfslthe
same is true for the wall-mounted type, it can bectuded, that the effect of facade greening oidéns
surface temperature and consequently inside apeesture (not shown) increases during heat wavedgser

In contrast to the trough-based facade greenirgwil-mounted type led to reductions of outsidgatie
temperature during the entire day with maximumedéhces during sun exposition of 17 °C. The larger
differences can be explained by the substrate |ageting as additional insulation layer in the wall
construction. The experiments were calculated waitleaf area index (LAI) of 1 (wall-mounted) and 1.5
(trough-based) as they are the default values iWlENet. Further sensitivity experiments with highekl
values suggested even stronger temperature redeffewds for the trough-based type, but similautssfor

the wall-mounted type of fagade greening.
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Figure 3: left: ENVI-Met model domain with appli&bhS: extensive and intensive roof greening, wallimted (left building) and
trough-based (right building) facade greening,grieefront of buildings; middle: trough-based gregnmplemented in ENVI-Met;
right: wall-mounted greening implemented in ENVI-Me
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Figure 4: Comparison of facade temperature ouf$éd® and inside (right) with/without fagade grémgyduring one day
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Evaluation results of different types, locationg @ntensities of NbS in the vicinity and directly the
buildings provided profound and decision-relevarfbimation to the real estate developer of thedinj
project. Especially in early planning stages, wiegaificant changes can be realised at low castpared
to later planning stages, microclimate simulatiprevided an important source of information.

4 RELEVANCE OF THE PLANNING FRAMEWORK

Although microclimate simulations allow for assegsihe effectiveness of different greening scesaaiod

for identifying optimal solutions from a microclitti@ point of view, the actual implementation dep&mah
additional framework conditions such as the plagriiramework. This is also the reason why a standasd
been published in Austria in 2021, ONORM L1136, ebhincludes the consideration of site conditions.
Furthermore, the latest draft of the revision & Energy performance of buildings directive (EPBDgady
integrates green infrastructure. Member States mstire that “new buildings...adapt to climate change
through, inter alia, green infrastructure...” (ArdécV Paragraph 4). However, due to progressing tdima
change, further adaptations in the planning franmkvaoe needed to foster a transformation of ctibegards
more climate resilience. However, many existingutations still act as a barrier for an easy andieffit
implementation of nature-based solutions. For ifijgng the best greening solutions for the selected
building project, the regulatory planning framewarkhe City of Vienna was evaluated. In a “plampiab”

the project team exchanged with relevant stake®lfilem city administration such as urban developme
planning neighbourhoods and building inspection pwtentials of guidelines, regulations, and urban
development contracts.

In the City of Vienna, several guidelines for greéeafs and green facades exist and since the anmaridrh
the building code 2018 it is mandatory for new dinidis that 20% of the facade oriented towards tireets
must be greened. However, the stakeholder intes/mmducted during the project GreenDeal4Real stiowe
that there are still several challenges in pradioe potentials for further improving the plannirgmework

to promote greenery.

In Vienna, the general definition of a mandatory@Gtreet-side fagade greening in new buildings
contributes to the promotion of green infrastruetand represents an essential step for greenitinge inity.
However, in the case of street-facing facades dhatexposed to the north, it is to be expected ttet
growth of plants will be impeded, and the microdiin effect will be rather low. As a further deveioent

of the regulation, compliance with a green and oggace factor in the construction of new buildingsich

is planned to be implemented in the City of Salgb{8tadt-Salzburg.at 2021) and combines built-waar
building volume, facade and roof greening, wouldcbeceivable. It offers a system of parameters with
clear target but which can be achieved with sevégakrs" and takes the whole plot into accounticivhis
more relevant for the microclimate than the sinplélding, thus increases the positive effect on the
microclimate and gives more flexibility to the dgsiand planning processes.

Even though correct maintenance measures are ieddenta well-functioning growth of green roofsdan
facades, controlling the compliance with requiregintenance measures is a complex issue. At prasent,
current legal situation only requires a civil eregn to confirm the (correct) installation of greeni
measures. Although in the Austrian standard L1136age concept is integrated, a regular listing of
maintenance checks in the building logbook could beay to guarantee a continuous evaluation ofthie

of greening measures. Furthermore, the controlliglies need relevant professional knowledge in
landscape planning and greening as well as addltfmman resources.

Climate analyses are useful to assess the effdctaitding structure and greening measures on the
microclimate. In the context of climate change #mel resulting consequences for cities, it becomesem
and more relevant to gain a deeper understandirijeo&ffects of building projects on the microcltma
Conducting microclimate analyses can help to plafdimg projects in such a way that the climateliesce

of new buildings is as high as possible. Parti¢ylfor large construction projects that not onlyeat the
local microclimate but also the neighbouring urlba@as and perhaps even wind circulation pattemthéo
entire city, mandatory microclimate analysis shobdl taken into consideration to identify the need f
optimisation regarding building orientation and diei and for greenery to maintain a microclimate at
bearable level.

REAL CORP 2023Proceedings/Tagungsband ISBN 978-3-9504945-2-5. Editors: M. SCHRENK, V.ROPOVICH, P. ZEILE, m_
18-20 September 2023 — https://www.corp.at P. ELISEI, C.BEYER, J. RYSER, H. R. KAUFMANN - Ljljana, Slovenia



Making Green Real — How to Promote Greenery in RetdtE Development

A rather specific but important topic is the finofection. In the case of the GreenDeal4Real progeveral
challenges arose in order to comply with the neistyued requirements for fire protection of the Gify
Vienna. The building is located in a zone for miadustrial-residential use and apartments areatsitl
above the ground storeys reserved for light inguatrd commerce. Thus, they fall into a higher bngd
class which implied restrictions, especially ontesfficient greening measures.

After several discussions in various committeeshwihe City of Vienna, other consultants and
representatives for the OIB 2 guideline (OIB = Aiasst Institute of Construction Engineering), it bate
clear that a better consensus between greeninfjranarotection technology had to be found. Theding
inspection MA 39 from Vienna therefore carried uther fire tests with plants (meanwhile more ti@)
and was able to revise the regulations. Since M&B2a new requirement has been published and ebme
the examples mentioned in GreenDeal4Real haveibelered.

Now expanded greening options are given (see Fig)reo that cost-effective ground-based systemsea
used over several storeys for greening purposesough intensive exchanges with stakeholders
misunderstandings and ambiguities could be elirathand a compromise between safety and climate-
resilient planning could be reached.

UK brennbare Dachkonstruktion

L2100

Figure 5: Expanded greening options in the newirements for fire protection since February 202&3;18e: Eder 2023, p.8
Chapter 2.2.6.

5 DISCUSSIONS AND LESSONS LEARNED

Many studies already exist proving the positiveeeti§ of nature-based solutions for densely builesi
However, the knowledge transfer to real estate emigs is still insufficient as they require precisel site-
specific information showing effectiveness of gregmnon microclimate, building envelope and indoor
temperature. Awareness of the interlinked pararadietween built-up area and greening is often tagki
and additionally to the focus on the building itséhe effects on the neighbourhood | increasirgyng
taken into account. Thus, in the last years, mlorate analyses became an important tool for the
assessment of different scenarios of urban planpingects on the local site and its neighbourhd®gen
though the broader application of microclimate gsial is important and necessary, the simulatiodiatu
conducted in GreenDeal4Real have shown that therestdl pitfalls and challenges which have to be
considered.
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Microclimate analyses are recommended to take ptaea early planning stage and proved to be a good
means to quantify the microclimatic effects of grieg, raise awareness for the positive effectsegitation

for indoor, surface and outdoor temperature antkfas discussion among different disciplines ofikrape
planners, architects, greening experts, city adstietives and microclimate experts. Roof greenind a
wall-mounted green facade with substrate layer wdemntified as most effective greening measures
regarding cooling effects on the building surfae.such greening measures are not yet a naturabpar
architecture and can not simply be added to th&tiegi planning design but have to be incorporatéal the
architecture and static of a building, it is crid¢@consider them in an early planning stage. Qnhén, the
potential for impacting the building design ististigh and the costs of design changes are reaboltav.

As the microclimate results from a complex intatiein of multiple parameters such as building hieagid
structure, type of vegetation, water saturatiothef soil, surface materials, etc., simplified agedhresults

are often misleading. Simple spatial and temporafaging involves the risk to neglect importanuitssand

lose meaningful outcome of a study or project. Astb microclimate analyses can be an appropriate
approach to apply a systemic view and reveal iak&tions between buildings, vegetation, water aretgy

as well as bring together experts from multiplegisnes (urban, planning, meteorology, physicatistics).
Expertise from different fields is needed to hadslly approach the improvement of the local mitiroate

and to allow suitable and feasible additional ctenadaption measures to be recommended, added, and
finally realized.

While this process led to several positive develept® and best practice examples, the impact objagir
on the microclimate of the surrounding areas ondbe entire city is still neglected. Climate arsaly are
useful to assess the effects of building strucaume: greening measures on the microclimate. Indhéegt of
climate change and the resulting consequencesties,at becomes more and more relevant to leasnem
about the effects of building projects on the urishmate. Conducting microclimate analyses can help
plan building projects in such a way that the ctieneesilience of new buildings is as high as pdssib
Particularly for large construction projects thait ronly affect the microclimate on-site but alsc th
neighbouring urban areas and perhaps even windilaiten patterns for the entire city, mandatory
microclimate analysis would be conceivable to idgnthe need for optimisation regarding building
orientation, height and greenery to maintain a aultmate at bearable level. Depending on the size,
location, extension, and execution of the projieatan negatively or positively affect its surroimgk. Even
positively assessed microclimate simulations o@-s#th have a negative effect on the urban climiatbeo
surroundings, especially if formerly green are@ssaaled, existing buildings are extended in heggd-air
production areas are sealed, or cold-air corridoesblocked. In this case, it is recommended teshgate
and quantify the potential impact of constructioojgcts on its surroundings. Further research éxled for
identifying a suitable set of criteria that allowies to decide whether an extended microclimatdyais is
required.

Beside a sound knowledge base on the positiveteftdagreen measures on the microclimate, a grgener
friendly planning framework is essential for proingt greenery in building projects. Real estate
development is a highly regulated market basedaaal Iplanning standards and procedures. From adassi
perspective it involves high initial investmentdiwihe potential of reasonable monetary returnsn#sre-
based solutions in their different forms are nat g cost-neutral, they need to be enhanced andrikd
by authorities and regulations to come into eftect large scale.

When it comes to nature-based solutions in reat@stevelopment, not only the initial constructibat also
maintenance responsibility, costs and control megsoeed to be considered. While real estate desedo
may be held responsible for the proper implememtadif greening measures, vegetation can only urfsld

full positive microclimatic effects if properly ced for and maintained. Specifications on care and
maintenance in the construction instructions (“Baiiif) or even a subsequent assessment of state and
growth of plants could help to improve the longatequality and actual effectiveness of greening messs

Basically, taking into account the whole life-cyaé a building and the operating costs for heatmgl
cooling as well as the increase in value, wouldabgignificant motivation for real estate developers
implement more green. Our studies showed (see @h&ptthat wall-mounted green fagades lead to the
biggest reduction on the wall surface temperatutside as well as inside. This is particularly tfaeglass
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facades. Experiments proved that double-glazed déscacombined with modular vertical greening
significantly reduce indoor temperature and eneysumption in summer (Bao et al. 2022).

Besides life-cycle and maintenance, also vegetayipes are a relevant issue for climate resilieaeging.
With respect to predicted changes in temperaturé water availability, plants with high cooling
performance nowadays may not survive future climateditions without extensive maintenance and
irrigation. Nevertheless, with regards to curranategies of biodiversity enhancement, it is alepadrtant

not to limit greening to a small number of “highHmemance plants”. In contrast, replacement planim
case of cutting down trees or even deforestationctmstruction purpose needs strict and quantéativ
regulations. Large, long grown and climatically eetive trees are often required to be compensated.
However, small and young replacement trees needdéscto reach the performance of the cut down tree.
This vegetation performance gap is often negleictexirrent regulatory frameworks by only requiriad :1
replacement. To close this gap, an equivalent numbgoung trees with the same estimated performanc
could be enforced as replacement planting. Thislavoat only account for the preservation of therent
status, but also for an improvement in the future.

A greenery-friendly planning framework needs toesgablished to push nature-based solutions onriee o
side and still provide a flexible framework for remtate developers and architects to developieftiand
effective solutions embedded into the architectdesign. Although strict specifications such as dadory
20% facade greening are needed for monitoring andnfiplementation to take place, flexibility in the
specific design or even additional microclimati@lgsis help to find the most effective individualion.

As climate change is proceeding and hence the UHmat Island effect in cities, the cooling effedt o
greenery can be seen as necessary social measunaifdaining the quality of life. That is why gréeg is
also being discussed to be included in urban dpwadmt contracts. However, the legal basis asks for
justifying the requirements in the contract by urlgevelopment reasons. Urban planning contracts kav
far not been used as a control instrument for ptorgareening. If uniform criteria existed that atly give
reasons for greening requirements under specifiegrr conditions, this could change in the futund allow
for an implementation in urban development consract

Furthermore, an integrated mindset in architeciune real estate development is needed. It isrstillself-
evident to include greenery and nature-based solsitin design, planning and construction, althotingiie
exists the L1131 standard for green roofs sinceertimain 10 years and the ONORM L1136 for green walls
since 2021. With regard to a transformation towatkiimate resilient urban patterns, building optiation

has to include greening as well. Thus, it needsw approach to perceive greenery as natural part of
architecture. This requires more awareness and lkdge about climate change and the benefits ofr@atu
based solutions on quality of life and value ofl restates in the long run and under consideratioa o
changing climate. Applying microclimate simulatiansan early planning stage helps investors, rstdte
developers and architects to quantify the effetigreenery on the surface temperature outdoor athalor,

as well as on the thermal comfort and air tempeeailihese aspects are becoming more and more gmport
in the light of climate change and relevant regoieg by the European Union such as its EU taxonomy,
where climate adaptation is one out of 6 envirortalenbjectives, which have to be met for green,
sustainable investments. Consequently, nature-tsdatons as effective measures for balancingtan
Heat Island effect and the increase of heavy pitatipn will find their way into architecture andal estate
development.

6 CONCLUSION

The project GreenDeal4Real addressed the reseasdtian how greenery can be promoted in real estate
development for realising climate resilient urbémictures. An interdisciplinary team analysed thaping
framework in Vienna and described the impacts eéging measures on the microclimate.

Findings from the research project show that alghostrategies, standards, guidelines and reguiaaoa
already in place to promote greenery in real estiEeelopment, there is still room for improvement
regarding awareness and knowledge about the added uf green, the microclimatic effects, the bisef
for outdoor and indoor temperature and for presgrvihe long-term quality of the property. The
interdisciplinary cooperation between researclress, estate developers, landscape planners, gteeneps
and city authorities led to joint learning and anooon understanding of microclimatic effects of giag.
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Furthermore, it was key that the research projestributed to planning at an early stage, so taptations
in design, static and materials were still possible

The research project made it possible to look notosely at microclimate simulations, carry out sevisy
analyses and thus created trust in the qualityraliability of the modelling results. At the sanmmé, the
effect of different greening measures for the oatdaind indoor space could be examined and proveedba
on the microclimate simulations. This allowed teritfy the most effective greening measures consige
multiple parameters such as building orientatioimy £xposure, material, architectural design, type o
greening system, leaf area index and fire protactiegulations. The cooling effects calculated bg th
microclimate simulations and the proven effectivenef green convinced the property developer ta pla
further measures in addition to the subsidiseddagaeening. Thus, research projects like GreeriBesll
can give important impulses for changing the mindeethe building industry and prepare real estate
developers to comply with new regulations like Eig taxonomy.

The planning framework appeared to be another itapordriver for promoting greenery. The parallel
planning laboratory allowed for an intensive exam@mith stakeholders from the city administratidhis
also turned out to be very fruitful, as it madgossible to identify opportunities and hurdlesha planning
framework. For example, severe constraints impdsedhe fire safety regulation were uncovered and
discussed constructively. This provided the impdtrsfurther fire experiments to be conducted anel t
restrictions in the regulation to be withdrawn. Tgveject helped to find a compromise between sadaty
climate-resilient planning and the new fire prammctrequirements will foster greening also in mixed
industrial-residential areas.

In sum, the project underlines the relevance @rdisciplinary work. The exchange of knowledge lestw
research, real estate developer and city admiticetres key for urban transformation directing fotimized
climate protection and adaptation. Understandintp,bitve respective point of views and hurdles afhea
stakeholder is the starting point for essentiadsodjues leading to the inevitable transformation.
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