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Climate Scenarios for Switzerland

R CH2018

Development so far

+2.1 °C

Kt. Basel-Landschaft
Kt. Basel-Stadt

»

+2 °C

Schweiz

+1 °C

Since pre -industrial times

Sources: NCCS (ed.) 2021: Climate Change in the Canton of Basel -Landschaft

HSLU 27. Juli 2023

CH2018

- What has happened so far and what can we expect in

Heavy rainfall
12 % Intensiver
30 % haufiger

seit 1901
Winter rainfall
+20 bis 30 %

seit 1864

Snow days ]
-50 % unter 800 m .,
-20 % uber 2000 m

seit 1970

Ve_getation period
+2 bis 4 Wochen

seit 1961

Heat waves
+200 % haufiger
und intensiver

seit 1901

+2.0 °C

seit 1864

F:’}

W\
&l

Coldness
bis -60 % Frosttage

seit 1961

Volume of glacier
-60 %

seit 1850

Zero degree limit
+300 bis 400 m

st 1961

the future? (Version 1.0) National Centre for Climate Services, Zurich, 15 p.
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Development and forecasts
Climate Scenarios for Switzerland CH2018

R CH2018

f

', -
S 3

- '-;g

N

Thaw In the Alps New peak values
Permafrost thaws - IS the time of the Permafrost continues to thaw
great landslides approaching?
1 X . v
Sources: https://www.srf.ch/news/schweiz/tauwetter -in-den -alpen -permafrost -taut -naht -die -zeit -der -grossen -bergstuerze ; https://www.srf.c h/news/schweiz/neue -spitzenwerte -permafrost -taut -immer -weiter -auf
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Development and forecasts
Climate Scenarios for Switzerland CH2018

R CH2018

Global emissions scenarios

N Swiss mean annual temperature (1981- 2010 L %v Z °
(deviation from the standard period 1981 -2010)
. 8
No climate protection RG o —— Beobachtungen | RCP2.6
—— Consequent climate  protection RG —— 30+jahriges gleitendes Mittel RCP8.5
]| P il
30 Ges ) I +3.3-5.4°C
- . Y | (Mittel: 4.4°C)
£ 25 / o4 ' i 5 |
4°] C
- / 2 W,
:@’/ / 'qu P
7 s E $ +06-19°C
= / < Y Mittel: 1.3°C)
1 I L MRS
S s | ]WNWAVAAIA'A | A
0 ~——RCP 2.6

‘ I ' I ' | ‘ I ' I ' I ‘ I ’ I ' I ‘ I ' I ‘
T T T T ]
1900 1950 2000 5050 2100 1880 1900 1920 1940 1960 1980 2000 2020 2040 2060 2080
Sources: NCCS (ed.) 2018. CH2018 - Climate scenarios for Switzerland. National Centre for Climate Services, Zurich. 24 S. ISBN n umber 978 -3-9525031 -0-2.
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Development and forecasts

Climate Scenarios for Switzerland CH2018
R CH2018

+2.5°C 10 +4.5°C +10% +10%
e S mpeE -25% to +10 % s e ot e

Summer predpitation

+10 % +2.6...e&0

100-year single-day summer on average) +2°C to +3.5°C
+0 to +9 days precipitation event

Winter temperature
Longest dry period in summer

400m to 650m

Increase in elevation of the
zero-degree fine in winter

This overview shows the range
of possible changes by the year
2060 in comparison to the
reference period 1981-2010.
The figures are typical values
for Switzeriand as a whole.
For regional values, please see
- Page 16.

DRY SUMMERS HEAVY PRECIPITATION MORE HOT DAYS SNOW-SCARCE WINTERS

Vegetable grower Valérie is watering Homeowner Urs is dearing out his ma Luci ), __ Gian is stuck on the grass, as
her cucumbers, as the soil is drier. cellar yet again, as extreme precipi- 3 i ho N winters are warmer and often
Evaporation is increasing, and it is tation has become markedly more 1 e bring rain instead of snow.
raining less often. frequent and intense. extreme.

Sources: NCCS (ed.) 2018. CH2018 - Climate scenarios for Switzerland. National Centre for Climate Services, Zurich. ISBN number 978 -3-9525031 -0-2.
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ClimaBau
I RG

Project « »(2018)

" 2018 ~ -- RT.

Paradigm shift: "i'

A"Climate change - when
cooling becomes more
Important than heating...".

A Focus: Planning that

guarantees well-being and
health

A Consider the life cycle of
the building

" R _i -

HSLU 27. Juli 2023

Planning In the context of climate change

A

A 7% D

Der durchschnittliche Helzwirmebedarf bel
typlschen Bestandswohngabdudan
Im Schwelzer Mittelland wird sich
bis 2060 um 20 % reduzleran,

Als entscheldende Parameter hinsichtlich der

“

-30%

die Spelcherfihigkelt identifiziert,

| =

Bal Meubauten sinkt der Helzw dmebedarf
ur 30 % und die Hezlelstung um 15 %,

Behaglichkalt und des Klimakdltebedarfs in Zukunft
wurden Im erstar Linle der Fensterfldchenantall umd

Baim Umgang mit Beschattungs- und Liftungssystemen
splalt der Elnwohner eine entscheldande Rolle, Durch

Fahlbadienung dieser Systeme kann sich die Anzahl der

Uberhitzungsstunden bis auf das 10-fache erhdhean,

A

6 Facts about climate change
and the Swiss building stock

=

Bel Altbauten bleibt der Klimakdaltebedarf nahezu
unbedeutend, Die notwendige Kdhllelstung macht
Jedoch 30 bis 40 % der Helzlelstung aus,

Eine eimvwandfrele Bedlenung des
Sonnenschutzes sowle elne effzlente

Bal den Meubauten erhdht sich der Klimakdlte- Machtauskihlung midssen sicher-

bedarf auf rund 50 % des Helzwdrmebedarfs, Die
notwendige Klimakéltelelstung betrug bis zum
Doppelten der Helzlelstung.

gestallt werden, Elne Lisung daflr
kiinnte die Automatisierung dieser
Systeme bilden.

Wohngebdude midssen berefts heute so konziplert
wardan, dass sle den Folgen des Klimowandels auch
In Zulunft standhalten kdnnen, Ein Glaichgewicht
zwischen passiven Gawinnen, Uberhizung und
Tageslicht muss sichergestellt werden.

Zlal Ist es, alne Optimilerung der energetischen
Performance dber den gesamten Lebenszyklus
vion Gebduden zu erlangen, chne EiInbusse auf
Wohlbefinden und Komfort zu generleren,

In der Sidschwet wird der Klimakdltebedarf den
Wiarmebedarf sogar dberstelgen,

Durch Freecooling oder Geocooll

kann sowohl die Behaglichkait im

sommer sichergestallt, als auch die
‘t Effizienz der Warmeberaitstellung im

s

\\ Winter erhdht werden.

Seite 8



New climate data sets for the future indoor climate

P R R
o scrwazeristhe ©dgenostenschaft [5)
confécération suisse
Saaseinin byl Sla
____________ schweizerischer ingenieur- und architektenverein
Buncesamt Tar Metecrclogle und &lmatologle NetoSchwelz
société suisse des ingénieurs et des architectes HOChSChUIQ
. societd svizzera degli ingegneri e degli architetti Luzern
MetEOSChwelz swiss society of engineers and architects

Climate scenarios for the future indoor climate (SIA 2028)
6 R ~ SIA2028

Final report

R -- © o "AdS R

of the projects "Climate  -adapted building - bases for the future”
and "A.15 Actual climate data for the building design end".

HSLU 27. Juli 2023 Seite 9



New climate data sets for the future indoor climate

P R R
Current  instrument 1 SIA 2028 |k SIA 2028
«Design reference years »(DRY) for today's

A 1 year of hourly data (observations) representing
the mean climate 1984  -2003
A Physically consistent parameters
(temperature, humidity, radiation, wind, cloudiness)
A 40 meteo stations in Switzerland

Objective In the new Instrument i SIA 2028

Addendum T DRY for the climate of the future (
A Same criteria and additionally
A Focuson heat waves %o 3

‘ A Data for cities

HSLU 27. Juli 2023

climate
R ) %0 "
1984 2003 R 1
Vv a w
ac -~
40 @
SIA 2028
CH2018)

=t
Q)

Merkblatt
2028 s

DRY £

Klimadaten fur Bauphysik,
Energie- und Gebdaudetechnik

Preisgruppe: 28 Ausgabe 2008



New climate data sets for the future indoor climate

p R R

New Instrument I SIA 2028
I ~ SIA 2028

A 40 peripheral meteo stations

‘ A 4urban meteo stations

40 @
4 @

HSLU 27. Juli 2023

s Umlandstationen

. _wSchaffhausen
A Stadtstationen o

Basel-Klingelbergst wGiiitti
asel-Klingelbergstrasse = Glittingen

#Basel / Binningen
A m Zlrich / Kloten

«Rinenberg s
Buchs / Adraus - 3<ghcn ARSI, wst Galer
Zurich-Kaserne ’
. s Wynau
La Chaux-de-Fonds |
da = Vaduz
/ =Neuchatel =Bern/ Zollikofen =Luzern aGlarus
Bullet/ La Frétaz Bern-Bollwerk o B
' = Payerne R /URGOT &Chur g
= Engelberg Bt R
= Interlaken = Disentis /
Lausanne-E%sa”r-Roux
ully : i
sAdelboden UINSNeN - pioita S aSafedan
«S. Bernardino
84 ' ~ . mAigle '- | o
_~aGeneve / Cointrin = Montana N |
. g Si -Poschiavo /.Robbia
= Sion | | |
L'O.Carnc; / Monti |
; Magadino f Cadenazzo
s Zermatt | »

1

Col du Grand St-Betnard "~ Lugano
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New climate data sets for the future indoor climate

P R R

Generated reference vyears a

Period Scenario Reference year type
/ Design Reference Year (DRY)
Near future (2035) RCP8.5
H—E\___““» " - "
1 In 10" warm summer year
© 2035
/ Design Reference Year (DRY)
RCP2.6 | < ——
. / "1 In 10" warm summer year
Mid - century
(2060) .
/ Design Reference Year (DRY)
r T" ° 2060 RCP8.5 | —
"1in 10" warm summer year
Source: MeteoSwiss, SIA and Lucerne University of Applied Sciences and Arts, 2022: Klimaszenarien flis zukinftige Innenraumkl ima (SIA 2028) - Schlussbericht der
Projekte "Klimaangepasstes Bauen - Grundlagen fii die Zukunft" und A.15 "Aktuelle Klimadaten fii Bauplanende" Fachbericht MeteoS chweiz, 279, 124 pp.

HSLU 27. Juli 2023
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Climate -adapted building - basics for planning
New climate data sets for the future indoor climate

P R R
16 32
: 14.9 i
Test simulations T peripheral  stations 12 1 | g
Residential use - 3 different climate zones ; 12.2 ;
- 5 -3ab RV~ 12 7 T %
Swiss Plateau (Kloten) ; 10.4
. . . . 10 - 20
‘ A Increasing importance of climate cooling = 9.0
_ ;E g 15.0 16
A R L b K z - 3 Pl FEXC
€ ] o
Alpine locations (Davos) B 6- - 12
# A Hardly any cooling g p
vt os M ﬁ
2 - - 4
Southern Alps (Lugano) Z W, W
i i ' O @ O
‘ A Climate cooling demand Tl 22l sl alzslslalcslalslcslalscl|agl’
higher than heating demand s|le| €| | e|lg ||| || g|& || |8
V| ‘ R L G! pIA 2028 DRY 1in10 BIA 2028 DRY 1in10 plA 202§ DRY 1in 10
M Heating energy demand M Cooling energy demand ¢ Heizleistungsbedarf @ Kihlleistungsbedarf
Energy and power demand of residential buildings (Periode: 1.1. —31.12.)

HSLU 27. Juli 2023 Seite 13
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New climate data sets for the future indoor climate

p R R

Test simulations I urban station

Comparison to peripheral stations
: b
Urban area (Zirch)
M- o

A measures are not sufficient
(sun protection, night cooling)
b a B
A Buildings not planned for the climate of the
future will require (active) cooling or will
have to be refitted.

R 78 )

HSLU 27. Juli 2023

operative Temperatur (°C)

36

35

34

33

32

31

30

29

28 —+

27 T

26

25

RCPZE‘RCF‘EE RCP26|RCP&5 RCPEE‘RCF’ES RCP26|RCP85 REPEE‘RCPEE RCP26|RCP85 RCPEE‘REPEE RCP26| RCP85
DRY 1in10 DRY 1in10 DRY 1in10 DRY 1in10
@ Ziirich D Bern Basel

= Min. operative Temperatur

© Mean Max. operative Temperatur

RC PZE-‘RCF'EE RCP26|RCP&5

DRY 1in10

Lausanne

= Max. operative Temperatur

L

Temperatures in the residential building for Kloten and for urban stations during use

3110 h (Periode: 16.4. — 15.10.)

Selte 14




HSLU

Importance of the city/

area consideration...

Strategies and catalogue of measures

[ v
Contents:
A Politics: Urban climate analysis
. R No
ANew instruments
'i'
A Example: City of Basel -
A
A

Greening In areas
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Climate -adapted building - basics for planning
Urban climate maps and planning principles for building in 2050

R - 7B 2050 R 78l 1

Urban climate analysis R No
Stadtklimaanalyse Klimaanalyse
Kanton Basel-Stadt 2019 Kanton Basel-Landschaft 2020

Grundlagen, Methoden, Ergebnisse

Grundlagen, Methoden, Ergebnisse

‘ f Lufthygieneamt beider Basel

:;ft!w::eneal:; beider Basel Lufthygieneamt beider Basel ‘ f
“:Ionu::::'e Rhelnstrasse 29 Lufthygleneamt beider Basel
4410 iestal R 0 ]
Erstelit ¢
rstelit von Erstellt von:

GEQ-NET Umweltconsulting GmbH, Hannover/Dresden
we uing ver/ GEO-NET Umweltconsulting GmbH, Hannover/Dresden

Stand
" Stand

S B i - STADTKLIMA-
KONZEPT
I

HSLU 27. Juli 2023
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Urban climate maps and planning principles for building in 2050

R - 7B 2050 R

Urban climate Basel -city Nocturnal
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Climate -adapted building
Measures by the cities
R

Urban climate analysis 1 Basel -city Catalogue of measures RNe -

—

@n measures > Blue measures Measures on buildings/ Further technical
building positioning measures

Griine Massnahmen

Diversify green spaces and design them in a M3 Promoting tangible water M Intensively green new flat roofs and store water Align materialisation in the outdoor space with
climate _adapted way on them " low heat storage function

ME Unsealing paved surfacesr

Create new green spaces and increase the proportion M7 Closing the rainwater cycle in open spaces M Greening faades or designing them with climate - - Technical solutions for shading and cooling in
of greenery in open spaces and traffic areas. adapted materials open spaces
ME Establish irrigation of greenery with - =
Shade squares, streets and paths as well as buildings rainwater M11 Align building interventions with ventilation, cold
with trees. air flow, irradiation and shadows cast

Align vegetation to climate warming
and site conditions

Source: Building and Transport Department of the Canton of Basel - Stadt. Sté@ltebau & Architektur, 2023:
_ Stadtklimakonzept zur klimaangepassten Siedlungsentwicklung im Kanton Basel -Stadt. Bau - und
HSLU 27 Juli 2023 Verkehrsdepartement des Kantons Basel -Stadt, 132 pp.

Seite 18



Climate -adapted building -
Measures by the cities

City of Zinich 1 Grass Iinstead of asphalt against heat

. . _
Here Zurich Is testing the car

park of the future

In a unigue experiment, the city wants to find out how pavements
and parking spaces can be designed to have a cooling effect

A v A B

—

Das Prinzip ist einfach: Wo Wasser versickern und spater wieder verdunsten kann, ist die Oberflache kihler.

Foto: Jonathan Labusch

66 verschiedene Belage und Unterbauten: Die Testanlage vor dem Theater 11.

Kies statt Asphalt: Die umgestaltete Heinrichstrasse.

HSLU 27 JUll 2023 Foto: Liliane Minor

Source Tagesanzeiger, Published on 17.7.2023 _
https://www.tagesanzeiger.ch/hier -testet -zuerich -den-parkplatz -der-zukunft -747939712698  Seite 19



GreenPV i
Project idea and goal

3|
Ccontents:

Background

Potential Gebaudehilie -
Lésungsansitze rur optimalen Fassadengestaltung
mit PV und Begronung im Hinblick auf den Kiimawandel

Project partners . bpe

State of research

Qe

Methodological approach and products

Do To o Io  Ix

Evaluation criteria 7 % '. L HSLUt

BN Luzern
g TN
el el s "
Mt Untonschiizung von 1869 5
£
U === g o
e lﬂgcﬂd [ S - e mh:u’trm Mgalien = EPRO x'é“
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Background

A Energy strategy for Switzerland A
©P s AG / TEP Energy GmbH / INFRAS AG 2020
Energy perspectives 2050+ o0 T TRENS Ay LA Ll :
Annual electricity generation new 40
renewables
30
A Today 4 TWh )
2 2 20
A Target 39 TWh! s-g-
: 10
TP v -
A 4 {
39 3
A i‘ -10

2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
Kalenderjahr

rgy Gmbhfintas

; === Windenergie mmm KA (EE-Anteil)
B Biomasse (Holz) Biogas

mm ARA I Geothermie

g wizz EE-Abregelung Photovoltaik

: —— Erneuerbare (inkl. Abregelung) @ EE Richt-/Zielwert

HSLU 27. Juli 2023 Seite 21



Background
A Energy strategy for Switzerland A

| _ Nicht bestimmt
PV potential according to the Bl Gering

Swiss Federal Office of Energy ] mittel
Gut

B sehr gut
M 1o

W'E L O30 Z

www.sonnendach.ch  www.sonnenfassade.ch
50 TWh 17 TWh

HSLU 27. Juli 2023 Seite 22



Energy strategy for Switzerland
A Winter electricity !

A Z

Annual production : O spezifischer Ertrag pro kWp
- Roof 950 KWh/KWp 160
- South faade M 700 kWh/kWp E.lm

i. 120

.‘ -

Winter production 1 0 e W
- Roof 230 kWh/kWp E al
- South faade v 310 kWh/kWp E 60

% 40

g
Share in the winter half -year 20
| \ \ ™M 0

Jan Feb Mar Apr Mai Jun Jul AUg Sep Now Dez
- Roof 25%
B Flachdach B5udfassade

- South faade V 45 %

Basler & Hofmann AG

HSLU 27. Juli 2023 Seite 23
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Approach

Both systems offer advantages ... H T nb

Greenery can help to cool the Electricity production through ...nowever, there has not yet been
outside air  (evaporative cooling, PV will become increasingly a widespread application of PV
heat redgction ) ) ) important in the future... and greening on the faade.

Y - -0 . , Coe s
4 A - O3 U i W3 U . [

HSLU 27. Juli 2023 Seite 25



Climate -adapted building - various approaches and research projects
R | b

Building
Interface

Exterior

Interior

Strahlungsaustausch
— Solarstrahlung
—  Warmestrahlung

Kli mad aten

Luftstréomung

Daylight
_ . solare Warmegewinne im Winter
o UEI'SEhHl’tUﬂg ~ C) o _ _
' ' . I‘ Warmeleitung
' Warmespeicherung
. . Temperatur . .
. | lll T Konvektion . - . .
- . T : g = f(Ort, Zeit) AClimaBau i Planning for Climate Change R ¥ 7' No IF
warmeleitung | . | Analysis of today's residential buildings with - 105 -
i - Feuchtespeicherun
Warmespeicneruno WEERR current and future outdoor temperatures Focus: i
|_T OGrekning and Urban Climate N g\?e?-r]ttrizct?ﬂﬁgi:f'zr;i?ég?/ngemand and comfort
Measurements with drone flights; J
ITC " Neighbourhood __ Climate " Focus: Quantification of the importance [ OI - AAir_conditioning _in the context of climate
Overall Healing Sustainability; Focus: of facade and roof greening ‘ 7" change fi
Analysis of the social value and economic b R' # Consequences of the inevitable increase in
feasibility of climate  -relevant measures - Lc A No cooling demand in residential buildings; Focus:
T : . o ; B Energy -efficient use of air conditioning units
r R+ ANeighbourhood climate _modelling A To ol g 5 L ) y a
~ Physical eff f environmental design an < . . . . : < . .
M ysical eflects o environmenta desg a d AGreenPV T Potential  of building envelope i P . ARe afbryclimate change ? Recommendations for
. elements (greenery, water, materialisation , etc.) . . - ( a o ~
No _ : ) : Energy balance and ambient cooling of building - building owners and planners n
= Focus: Planning tool for interactive ) _ > , , o
R . : . envelopes (PV / green / openings). Focus: Importance of window proportion and distribution for
- neighbourhood climate modelling in the early . : : : _
WE V : : Analysis for optimal design of roof and faade energy demand, thermal and visual comfort Focus:
N - project planning phase o : : : ) : o
, _ , . - Results surfaces. Effect on interior and immediate Results practical recommendations for the planning of buildings
27. Ju‘i 2023 R l: 5 . a flow in exterior spaces. (Energy, costs and comfort at flow in suitable for climate change Seite 26
a . _ % the house). o No 3
€ M R 78 1

Ty RT 78 L



Aims of the project

A Investigate barriers / acceptance of the use of greening and PV.
CE T |
A Provige iInformation on the influence of different faade systems on the heat
Island effect . L b H

A Contrast the reduction of the heat island effect through greening with the
potential of energy production by PV and demonstrate synergies.

b®30 Z - \
Research questions

A Which are the decisive factors In the overall optimisation of the building faade

considering climate change?
RT . W n n _ :
A How can an optimal fagde design with PV, green, opague and transparent
surfaces be achieved, taking into account various gualitative and quantitative

A\

factors? N W W3 a ab

9, :
A How can the identified approach be integrated into the building and how can its
application be promoted in the building stock ?

Vv Vv 1

HSLU 27. Juli 2023 _ _ _ o _
top: "Bosco Verticale", Milan, Boeri Studio, image © 2019 private

below: Residential building "Solaris", Zurich, Huggenbergerfries Architektur,
image © 2018 Stephan Rappo for Solaris, Hochparterre magazine series




Method

A Comparison of 4 faade systems with a reference faade ( filore cement board)
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Method
A Evaluation criteria

T %o
Qualitative  aspects - - Quantitative ~ aspects : a a -
(literature ) (simulations , measurements , calculations )
A Noise in urban areas § A Thermal well -being 2
A Air quality A Operational phase: heating and cooling
L _ demand, electricity (general consumption)
A Biodiversity L L a z~ W B
A Rai t font A Electricity generation (quantity, seasonal
ATTWATET TETEnton consideration, etc.) N
- U a
A Attractiveness  of outdoor spaces 7 A Microlgl‘imate: temperature around the building
A Life cycle assessment of the systems (LCA)
T~ LCA
A Cost analysis of the systems (LCC)
Ne (LCC)
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Recommendations for planners and investors

A GreenPV Brochure 78
A GreenPV Y

Contents
Potential Gebaudehilie -
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A Checklists for planning 78
A SWOT analyses  of faade & roof systems SWO'Ne
A Notes and recommendations on the layout of the systems

("decision -taking aid") T L S

A Overview tables and graphics on the influence of the

systems on qgualitative and quantitative criteria , taking

%
” |

A Good practice on relevant topics such as fire protection, care

orientation and floors INto account

A Selected details and important basic principles
-

and maintenance & design, important hints for planning & case
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] WINTERSTROM

The advantage of PV facades over roof systems is
primarily in winter. On south-facing facades, electricity
can be produced more efficiently in these months by
a vertical system than by a fiat elevated system on the
roof. In addition, the yield from a south-facing fagade is
much more balanced throughout the day and year.

AUFE Basel! © Daisuke Hirabayashi / jessenvolienweider

ARCHITECTURAL
DESIGN ELEMENT

PV modules are now available in a wide variety of
designs (colours, textures, patterns, trans- parency
fevels...). This means that they can be used as an
architectural design element.

Fagades play an important role in the cityscape and the
design of outdoor spaces. Thus, PV fagades have a
high potential to create attractive outdoor spaces with a

high quality of stay.

Another advantage of using photovoltaics on the fagade is
that ne additional usable space is required. This
means that roof areas of buildings or other open spaces
(undeveloped lIand) can be used for other purposes.

© 1 SENS eflecycing, wwiw srcycing chiwhaermwrtn'vimerndso gfech- 54 el

LONG-TERM ECONOMIC
1l ADVANTAGES

A PV fagade is a sustainable investment that has the
chance to pay for itself. Savings from the use of solar
power in  operation (own consumption) and
remuneration for feeding into the grid mean that a PV
system  pays for itself guickly. Energy costs are
reduced immediately and the initial investment costs
are usually amortised over the fife of the system

MFH Basel & Roman Weyencth / Salathé Architekten

() RESOURCES & RECYCLABILITY

Our resources are becoming scarcer and scarcer,
which is why we should take care to keep owr
consumption as low as possible. PV modules transform
the fagade from a purely weatherproof function into an
active element. On the one hand, this saves the
material for the alternative fagade surface, and on the
other hand, PV modules use high-quality and durable
materials.

In addition, PV modules have a high recycling potential,
as more than 75 %" can be reused. In Switzerland, the
return and reprocessing of raw maternials is secured by an
advance recycling fee (ARF).

@ POSITIVE ECO-BALANCE

The construction of the PV maodules generates grey
energy, which cannot be neglected. Over the entire life
cyde, however, sensibly installed PV medules
usually pay for themselves quickly (on average after 2.5 -
3.5 years for south, east and west fagades),

International School £ Adom Meark / C.F. Mpller Architects

&_  SUSTAINABLE ELECTRICITY
‘W PRODUCTION

PV fagades can be used to promote the production of
electricity from renewable energy sources. In this
way, the existing solar energy on site is used to
generate electricity, thus making a positive contribution to
the reduction of environmentally harmful emissions.

Energy Perspectives 2050+ has analysed the
development of Switzerland's energy system to ensure
net-zero greenhouse gas emissions and a secure energy
supply in 2050 and proposes a rapid and massive
expansion of renewable energies in Switzerland.
PV fagades should make an important
contribution in this regard: the goal is to increase the
installed capacity of photovoltasics by a factor of 13
over the next 30 years.

@ SECURITY OF SUPPLY
<2

Solar energy can be produced and used directly on site.
This makes the consumer less dependent on price
fluctuations. Well-planned, self-consumption-optimised
systemns accordingly offer a high level of supply security.
By producing electricity via facades, more autonomy can
be achieved, espedally in months with low hydropower
production,

NEW Slauhaus © Robert Mehl / kadowittfeldarchitektur

-@} MAINTENANCE

Vertical systems have the sdvantage over roof systems
that they remain snow-free in the winter months.
Likewise, the vertical orientation of the systems means
less soiling, as less dust and dirt (fallen leaves, animal
excrement, ete.) accumulates, Accordingly, the
maintenance costs can be classified as low. The surface
treatment of the glass is decisive here: the development is

moving towards self-cleaning surfaces.
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3;? PROMOTION OF BIODIVERSITY

Green facades create new habitats and make 3 positive
contribution to biodiversity. Green facades can have a
special added value if they serve as connecting
elements of green spaces in cities (e.g. 35 green
belts, green corridors) and different plant species are
used.

SkyFrame R Cloudio Luperto / Strut Architects

__» LONG-TERM ECONOMIC
|z41 ADVANTAGE

Facade greening can not only make a significant
contribution to sustainability in times of dimate
change, but also significantly increase the attractiveness

of a property.

A green place to work and live attracts the interest of
workers and tenants. The results are good rentability
and long-term tenancies. This leads to economic

advantages in the long term,

[(].)) NOISE REDUCTION

Due to their structured design, facade greening has a
suriace has a high sound absorption coefficient (a

= 0.50 to 0.65)2. This means that only a certain part of
the incoming sound is reflected and the noise pollution
in urban areas can be reduced.

Bosco Verticale © daudao Luperto / Strut Architekten

THERMAL INSULATION AND ENERGY

BALANCE

Summer thermal protection iz becoming
increasingly important, especially in times of climate
change. Greenery can be used as natural sun protection
ishading effect of the plants) Summer-green
plants alwo lose their leaves in winter, which means that
solar heat gains are not restricted during this time of year,
Furthermore, fagade greening can improve the thermal
insulation properties of the exterior wall (lower U-
value, espedcally in old buildings).

@ RAINWATER MANAGEMENT

Green facades can help to absork rainwater. This is
then gradually released back into the atmosphere through
evaporation. This not only has a cooling effect
{evaporative cooling]l on the environment, but also

contributes to relieving the drainage netwerk.

Musee du quol Branly £ Patnck Blanc

\f QUALITY OF STAY IMPROVEMENT

Green spaces are indispensable for the quality of stay in
cities. The positive effects can be both physical and
psychological. Among other things, green spoaces can
reduce stress, promote health and increase
productivity and creativity. They also serve as social
meeting places and promote sporting activities and
exercise.

Green facades can also be used as an architectural
element. The design of the facade can be varied snd
have an effect on buildings and the urban space.

1111 COOLING THROUGH EVAPORATION

Plants have a cooling effect, ac they relesse the
absorbed water back into the environment through
evaporation. In addition, greenery can shade the fagade.
which leads to lower surface temperstures. These aspects
not only improve the microclimate but 3iso have 3

positive effect on reducing the wurban heat island
effeet. A good ambient climate supports efficient
night-time cooling of the interior spaces.

m ul
NG| "I omn-r ‘m

3, ;:1

.;'

Villa M © +IMG / Tryptique Architecture

2o
=3 OF AIR QUALITY

Green facades can make a positive contribution to
improving air quality. This is especially true in urban
areas, where various emission sources (construction sites,
traffic, etc.) can lead to higher air poliution.

Greening can demonstrably help to reduce fine dust,
nitrogen dioxide, sulphur dioxide, bind CO2 and ozone
and produce oxygen.

The filtering capacity of green facades increases depending
on the pollutant concentration and the proximity
to the emission source. In street canyons, the
greatest effect can be achieved up to a height of 4.5 m3,

Seite
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FACADE GREENING SOIL-BOUND

+ Higher air quality: Plants bind air pollutants such as CO2, ozone and fine dust and thus contribute to an - Space conditions: or soil-bound greening, there must be sufficient available space (substrate layer) with
increase in air gquality. Facade greening can be used where greening measures (trees, shrubs, meadow...) appropriate soil conditions. This is not always the case, especially in street areas.
on the ground are not possible due to space constraints (e.g. in narrow street canyons).
- Management: Green facades must be regularly maintained for visual and fire protection reasons. The higher the

+ Noise reduction: Due to their structured surface, green facades generally have a higher sound absorption greenery (growth height), the more complex the management can become. The maintenance of the greenery
coefficient than conventional facades, which is why they have a noise-reduding effect. should be carried out by qualified personnel.

+ Rainwater retention: Rainwater can be absorbed via the substrate layer (infiltration) and then gradually -  Growth period: Depending on the plant species, it can take several years (sverage growth height of approx. 1.5 -
relessed back into the environment via the plants (evaporation). This can promote natural water cycles and 2 m per year, an sunny facades up to 4 -6 m per year)d until the desired facade appearance or the desired
relieve the sewer system. microclimatic relevance is achieved.

+ Promoting biodiversity: Greening facades creates habitats for animals and promotes biodiversity. Ground- - Design flexibility: In the case of ground-based greenery, the design flexibility is somewhat less than in the
based greening can connect green spaces in urban areas ("green belt™). case of wall-based systems (the direction of growth is usually predetermined). However, the direction of

growth can be influenced by scaffold climbers and the use of climbing aids (rods, tubes, ropes, grids, nets).
+ Improvement of the microclimate: The cooling effect of greenery (evaporative cooling) as well as the shading
- Fire protection regulations: There is still no superordinate fire protection ordinance for facade greening (for

building heights from 11 m, no spedial requirements below this). This requires an individual concept for each

of the facade by the plants can contribute to lowering the temperatures on the facade. This also has a

positive effect on the surrounding climate (heat reduction in the summer months),
object. Experts can provide support here and should be involved at an early stage.

+ Low maintenance: Both water and nutrient reguirements are lower for ground-based greenery than for wall-

based systems.

SIRENGTH

+ Design options: Greening holds potential to visually enhance the facade. New archi-

+ Low : Floor-bound syst i il- i i associ ’
Low cost bound systems are easier to implement than wall-bound systems, which is also associated tectonic and aesthetic possibilities are created.

with lower investment costs,

+ Attractiveness of outdoor spaces: Green spaces in cities promote the quality of life and stay and have & positive
influence on human visual well-being. They serve as social meeting places and have a positive impact on health
and productivity.

- Life cyde assessment: The climbing structure and the irrigation system incur different expenditures and
+ Promotion of urban climatic focal points: Through targeted application, greening serves as an instrument for

associated CO2 emissions. However, this impact can be reduced using recyclable or renewable mat- erials "
¢ oY ey creating sustainable settlement areas (lower heat island effect, more biodiversity, better air quality...}.

(e.g. steel or wood) and by dispensing with or using simplified irrigation systems.
+ Increased property value: Green surroundings increase the value and attractiveness of the property. Long-
- Damage to the facade: If a system with climbing aids is not used (direct growth) and the greenery is not P R . - X gbeiooiny s

=N ) ‘ y - term leases and fewer vacancies can lead to economic benefits,
regularly maintained or checked, shoots of certain plant species (self-climbers, climbers) can penetrate into

joints and gaps. This can damage the facade.

OPPORTUNITIES

+ Exploit synergies: By combining greening and PV, the potential of the facade area can be well utilized {sunny
areas for PV, areas dose to the city for vegetation), At the same time, synergias between the two systems can

be exploited: The cooling effect of greening can increase the performance of PV modules.

: et
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LOCATION AS A
CENTRAL FACTOR

The location is usually 8 component that cannot be
directly influenced. The facade design must therefore
be adapted to the existing context, as this is essentisl for
the efficiency of the systems. The potential of the
fagade areas must be evaluated during the site
analysis. Various aspects must b e taken into account,

including shading, noise situation, climate, existing green
spaces, =tc.).

In new construction projects, an object-specific and
optimal fagade design consisting of opaque, transparent,
greened and PV surfaces can be achieved, For
refurbishments, the focus should be on the existing surface
potential,

-
MR RIS S e s e P
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INVOLVE EXPERTS AT AN
g EARLY STAGE

-

Experts for facade greening and PV fagades should be
consulted in the early planning phases and incduded in
the decision-making process. In this way,
important information on efficiency, statics, fire
protection, maintenance and care, space requirements
and accessibility, ete. can be obtained and the
possibility of implementing the systems can be
clarified. Experts can also sssist in the selection of a
suitable fagade system, taking into account the

previously defined project goals, and point out typical
"stumbling blocks".

The early involvement of experts is also an essential
factor for cost planning and economic efficiency
(e.g. use standard sizes for PV panels, as this has a
strong influence on the price, or the nght choice of
plants for fagade greening). Furthermore, possible
interfaces with other trades must be considered and
coordinated from the beginning, e.g. sanitary installations
must be able to provide sufficient water for greenery.

7\

O

\])/_

CLEARLY DEFINE
PROJECT
OBJECTIVES

At the beginning of a project, the goals should be
clearly defined together with the client

First, the advantages of the different fagade systems
should be shown to the building owners (sensitisation).
The added wvalues of greening and PV with regard to
society, economy and the environment should be
discussed and a joint decision made on the choice of
system.

It is also essential to consider the use of greenery and PV
on the roof and in the surrounding area (what makes
sense on the fagade/roof/in the surrounding area?). Here,
oo, it is important to consider the advantages and
disadvantages and to define a sustainable overall
concept (ecological, economic and social).

FLOOR AND FACADE SPECIFIC
PLANNING

Each context has different requirements.

Surrounding elements (e.g. neighbouring buildings,

mountains, trees etc) are crucial for the use of PV

elements, as they can lead to shading of the modules

and thus negatively influence their efficiency. PV

modules should therefore primarily be used on fagade

surfaces where there is no shading.

But even for fagade greening, where shading hardly

plays a role, planning by storey and fagade is

indispensable to achieve the highest added value:

. Reduction of noise: proximity to the noise

source is decisive, especially relevant in urban areas

{traffic noise, construction noise, etc.).

Improvement of air quality: proximity to the emission

source is decisive, highest potential on the lower

ficors (< height of 4.5 m).

* Heaot reduction: The cooling effect (evaporative
cooling) of greenery can be enhanced by a high green
volume.

*  Rainwater retention: Consideration of the weather
side, highest potential in Switzerland generally in
the west.

*  Promotion of biodiversity: Green spaces are often
partially arranged, especially in urban areas; green
facades can serve as a connecting eiement ("green
belt, green corridor"); highest potential in this
respect is usually on the lower floors.

* Increasing the quality of stay: highest potential in
urban sreas where there is increasing density and
little green space. Greatest added value on the lower
floors, since
the proximity to the human being is given.

Seite 35
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COMBINATION OF THE SYSTEMS

I greening and PV are combined, syn- ergies can be
created and advantages can be used. For example, the
cooling effect of greenery (evaporative cooling) can
be used to increase the efficiency of the PV modules.

\GREENERY: INCREASING /

Furthermore, the combination of the systems offers many p PWENTlAL [ |

design advantages and can positively influence the i . 2 4 1 ‘.~

sesthetics of the bullding as well as the outdoor space. 2 - When planning gréen facades) oice of plants
A andsTENIes can make nt contribution

t 4ncreasing the positive with regard to
rious aspects, as well as the longevity of the
fystems.

LOW-TECH AND HIGH-TECH

Both low-tech and high-tech concepts can be USING PV MODULES SENSIBLY

Consicerec:and terpated In Tacade planiing, 'The following should be taken into account:

For ecological and economic reasons, PV modules
J* Consider future climatic conditions at the site

should be used sensibly, In this way, the construction
costs (grey energy and grey greenhouse gas emissions) I (heat resistance, weather extremes, etc.).

and the initial investment costs can be amortised ¢ Different plant species promote biodiversity

quickly. Decisive aspects here are, in particular, the {Biodiversity)

orientation (south- « Aim for 3 high green volume and a high plant
east and west fagades) and the shading of fagade density, This promotes the absorption of 3ir
surfaces. Furthemmore, the usage times of the pollutants, evaporative cooling and noise absorption.
building as well as future developments (e higher o A high substrate volume promotes rainwater
consumption in the future due to electromobility, heat management (mﬁm) water cycles are
positively influenced and the sewer system is

Low-tech solutions are generally characterised by a
higher adaptability and longevity as well as a lower
susceptibility to errors. They are less demanding in
terms of maintenance and operation. In addition,
they are

are generally less material-intensive and thus lead to a
better overall systerm  eco-balance. Low-tech

approaches tend to lead to economic and
ecological advantages. Due to all these advantages,

pumps, etc,) can be taken into account when planning a
the use of low-tech solutions is to be preferred in the first

PV facade.

place.

The following aspects must also be included in the

However, the combination with high-tech components planning:

in the field of automation and eénergy management

{storage, load management...) can lead to a significant ‘ : = Aesthetic aspects

optimisation of the overall system. When planning, = Cost-benefit ratio

it is important to weigh up which systems make sense = Planning and dimensioning of the system
where. based on the project objectives (winter electricity,

overall balance,

relieved.

Greenery near streets/downstairs creates new green
spaces, improves the microclimate and enhances
people's well-being and health.

The choice of plants and systems 3lso has a high
design potential, as greenery can change over time
and seasonally.

An exchange with experts is recommended.

4
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CATALOG

A »

Positive factors for the effect of greened and PV facades

([ Noise in cities

High plant density
High green volume

Small leaf structures

Loasely stored substrates

Proximity to the emission source (usually on
the lower floors)

* + % 4+

+ Distance to the emission source (usually in
the upper floars)
+ Combination with greening

¥ Biodiversity

+ Various plant species

+ Give preference to native plant species, but n
sun-exposed locations use plant species that
ore suitable for warm climates.

+ Use as a connecting element of green spaces
("green belt")

+ Combination with transparent PV elements
(shading -> different microclimate)

@Mm

+ high substrate layer (infiltration)
+ High green volume (evaporation capacity)
+ Weather Pages Nocth/North-West

wwveness of the outdoor spaces

+ Vanous plant species

Flowering times and colours

+ Proximity to people or areas where people
are staying (usually an the lower floors)

+

+ Design possibilities: Patterns, colours,

degrees of transparency...
+ Combination with greening

= Air quaity

High leaf density

high opacity

Sufficient water supply
Proximity to the emission source
(usually on the lower floors)

Less material-intensive systems, conscious
choice of materials

High green volume

Rapid amortisation due to high efficiency
Avoid shading

Architecture with efficient layout, little
Shading

Orientation: South, then East and West
Combination with mobility & heat generation,

possibly storage

B&mydemandfw

operation (heating and

cooling demand, excl.

electricity production)

+ High green volume / substrate volume

+ high opacity

+ Avoid shading the windows in winter
Ewmwhmmshedddbuﬂd’ngs

"%}, Life cycle costs (LCC)

+ Systems with low care and maintenance effort
+ Robust plants and systems (long life span,
reduce susceptibility)

Clarity possible funding

+

Use standard modules

Simplicity of the system

Yield optimisation

Robust systems with low vulnerability

4+t

’@mmaﬂmm

+ Combination of greening + PV (Verduns-
cooling - efficiency increase)

High efficdency

Avoid shading

Orientation: South, then East and West
Aim for durability and efficient systems
(Maintenance and upkeep)

bbbt

@Pmrpmdueﬁmm

High efficency

Steep to vertical arrangement

Avoid shading

Orientation: South, then East and West
Aim for durability and efficient systems
(Maintenance and upkeep)

bt

mm(mmmonmfa@de)

+ High green volume / substrate volume
+ Sufficient water supply
+ Orientation: east, then south and west

+ good air circulation
+ Combination with greening

Creation (grey greenhouse gas emissions)

+ Use reusable and renewable materials (e.g.
steel, wood...) for the substructure.

+ Reduce construction effort, consider additional
effort Statics

+ Technical elements only where necessary

+ Prefer local companies

+ Use reusable and renewabile materials (e.g.
steel, wood...) for the substructure.

+ Compare product deciarations / prefer local
products

+ Durable and robust systems (guarantee
dismantlability and plan for replacement
modules)

29
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REASON PV

4

BIODIVERSITY

Focus of the study

Biodiversity is the prerequisite for the healthy and natural
development of all living organisms and ecosystems.
Biodiversity is usually considered on three levels: Habitats,
species and genetic diversity. Green facades and the
combination with PV can make a positive contribution to
increasing biodiversity.14

Situation in Switzerland

Switzeriand is home to a great deal of biodiversity, which
is due, among other things, to the varied topegraphy, the
great differences in altitude with their cofresponding
climatic contrasts, and also the extensive use of cultivated
land until the middle of the last century. Nevertheless, the
Federal Office for the Environment considers the current
state to be unsatisfactory. In  cities in  particular,
biodiversity is limited due to the high degree of building,
the extensive infrastructure and the high proportion of

sealed areas 14

Potential of facade greening

1 Green facades create additional habitats and
make a positive contribution to local biodiversity
= The use of different plant species increases
the positive effect,
Green facades can expand green spaces
and connect habitsts ("green belt™, “green

corridor®).
Green facades can take on different

functions, for example as feeding, nesting

or catching places,

The combination of PV and greening creates
additional potential: the shading of the panels can
create different habitats with different

microclimates. 15
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Fig. 6 Different functions of fagade greening for wildlife (£ Nicole Pfoser)
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Flg. 7 Fogade greening as a nesting
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Evaluation of the fagade systems
The following graph shows the influence of the different
facade systems on the aspect of "biodiversity"™.

terrestrial greening wall-mounted greenery

{deciduous, (evergrenn)
Helgnt of growth max. 15 my)

- Peaitrel -
Postiy Nepaty

opagque PV modules Tramsparent PV modules

Oooo0ooo
00000000
oo0000o0
gooooooo
00000000
00000000
00000000
Oooo0oon
00000000
0000000

Fig. 8 Influence of greened and PV fagades on the aspect of blodiversty

Summary

1. Green facades can make a positive contribution to
the promotion of biodiversity, especially in urban
areas where there is a high potential.

2. PV facades bear the risk of glare, which can be
negative for birds, for example,

3. In combination with greening, however, PV modules
can help o creste habitats  with  different

microclimates,

4. Deciduous plants only have 3 seasonal effect, while
evergreen plant species (usualy in wall-mounted
systems) have a year-round effect

5. Ground-based systems are limited in their growth
height, while wall-based systems can usually be used
at various heights,
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A Noise in urban areas

A Air quality
A Biodiversity

A Rainwater retention

A Attractiveness of outdoor spaces Z

2. evaluation of the potential of the different

fa@de systems on the basis of an 8 -storey
reference building (reference: flore cement board)
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- approach, presentation and findings

Ground -based
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(Summer green,
height of growth 15m
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Abb. 3 Einfluss von begriinten und PV-Fassaden auf den Aspekt Larm in Stadten.

Zusammenfassung

1.

Fassadenbegrinungen kdénnen einen positiven Bei-
trag zur Reduktion von Larm in Stadten leisten.

PV-Module haben eine akustisch harte, glatte Ober-
fliche, weshalb Schallwellen zu einem grossen Teil

reflaktiert werden.

Die Ndhe zur Emissionsquelle ist entscheidend: Die
positive Wirkung von Begriinungen ist grisser unmit-
telbar an der Emissionsguelle {i.d.R. in den unteren
Geschossen), wahrend der negative Reflektionseffekt
von PV-Module kleiner ist in héher Entfernung wom
Lirm (i.d.R. in den oberen Geschossen)

4,

2.

Pflanzenarten, welche fir bodengebundene Systeme
eingesetzt werden, sind i.d.R. sommergrin, weshalb
der positive Effekt in den Wintermonaten geringer ist.

Werden fir Fassadenbegrinung immergriine Pflan-

zenarten gewahlt (i.d.R. bei wandgebunden Syste-
men), so besteht der positive Effekt ganzjahrig.
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faade greening faade greening opagque modules transparent modules
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height of growth 15m
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Abb. & Einfluss von begriinten und PV-Fassaden auf den Aspekt Luftgualitst

Zusammenfassung

4. In engen Strassenquerschnitten kann es durch dich-
te Baumstrukturen dazu kommen, dass es zu einem
Stau von Luftschadstoffen unterhalb der Baumkrone
kommen kann (Luftzirkulation wird eingeschrankt).
Fassadenbegrinungen kdénnen in einem solchen Kon-

text zielfihrender sein.

1. Fassadenbegrinungen kénnen einen positiven Bei-
trag zur Verbesserung der Luftgualitat leisten

2. PV-Module kénnen keinen direkten Beitrag zur Ver-
besserung der Luftqualitdt beitragen. Durch die Nut-

zung von Solarenergie konnen jedoch COz-Emissio-

nen vermieden werden (indirekt positiver Einfluss).
3. Sommergrine Pflanzen wirken nur saisonal, wihrend

immergrine Pflanzenarten (i.d.R. bei wandgebunden

3. Die Niahe zur Emissionsguelle ist entscheidend: Der
Systemen) ganzjdhrig einen Effekt haben.

positive Einfluss von Begrinungen kann in Strassen-
schluchten vor allem bis zu einer Hohe von = 4.5 m

aerfolgen.
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Qualitative aspects
Biodiversity

HSLU
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8 imfluence of greened and Pvmgadesonthe aspect of bloaiversty

Summary

1.

Green facades can make & positive contribution to

the promotion of biodiversity, especially In urban
areas where there is a high potential.

PV facades bear the risk of glare, which can be
negative for birds, for example.

In combination with greening, however, PV modules
can help o create habitats  with different

microclimates.

Oo0b0ooogg
aubodpod
gbobooood
0000000
Qubboood
DOUOO0 00
DUUOO0 00
HO000d0gg
OQUO0O000O0

Deciduous plants only have a seasonal effect, while
evergreen plant species (usually in wall-mounted
systems) have a year-round effect

Ground-based systems are limited in their growth

height, while wall-based systems can usually be used
at various heights.
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Ground -based PV faade PV faade

faade greening opagque modules transparent modules
(Summer green,
height of growth 15m )
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Mord / West Siid J Ost alle Orientierungen alle Orientierungen
Wall - mounted Summary f

fa@de greening
(always green)

1. Green facades can make a positive contribution
1o the infiltration of rainwater. The greatest
potential arses on the weasther sides

(Switzeriand: north/north-west),

2. PV iacades connot add any value in this respect

3. Deciduous plants only have a seasonal effect,
wheress evergreen plant species have a8 year-

round effect.

000000004
Oobooocoo
00000000

Mord / West S0 [ Ont 4. While wall-bound systems can achieve the same
_ ) effect on the éentire facade, the greatest potential
Abb. 11 Einfluss von begrinten und FV-Fassaden auf den Aspekt for infiltration with board-bound systems lles close

Regenwasserrickhalt Lo the ground (sub-layer Is decisive for inflltration).
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Ground -based Wall - mounted PV faade PV faade
faade greening fa@de greening opagque modules transparent modules
(Summer green, (always green)

height of growth 15m )

Qualitative aspects
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Fig. 13 Influence of green and PV facades on the aspect of attroctiveness of outdoor spoces

Summary

3. PV modules can be used in particular 25 an
architectural design element. There are different
colours and patterns for opaque modules
. Compared to the reference (fibre cement board),
similar possibilities are available here. Transparent
modules have an additional design advantage here.

1. Green facades have 2 high potential for creating
attractive and liveable outdoor spaces.,

me.,

2, Greenery has the greatest potential in areas that are

close to people (usually on the lower floors). On the
facade, green areas can be used in a targeted manner aspect (degree of transparency ).

and provide added design value on various levels
(urban space, buillding structure, changing facade 4.

appearance),
etlc.).

Deciduous plants change strongly with the season and
lose their leaves in the winter months. Evergreen
plants retain their foliage throughout the year (facade
appearance remains largely unchanged). Ground-

based systems
are also limited in their height of growth.
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Qualitative aspects
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- approach, presentation and findings

A In the considered qualitative aspects,

greening In particular can make a positive
contribution.

. 1 YAF¥

A The influence of the systems on the aspects
examined Is less dependent on orientation,
but rather onthe  surrounding context and
the storey (proximityto humans or
emission sources, etc.).

b b 0 G
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Quantitative aspects
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- approach, presentation and findings

For the quantitative aspects, the
orientation and possible
shading of the faade by
buildings, topography or other
elements is particularly decisive.

A4

a 1
:

A Graphical representation of the
guantitative results analogous to
the qualitative aspects

| 3
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Quantitative aspects 1
Simulation of PV electricity production potential

: ®30  Z .
PV - electricity  production w3 -0 b Gebiude
(opaque module , efficiency 20%) D 20% 2 0G
Annual electricity production 206
200 T oc
(1 e A e e . e e s
3.0G EG EG .
160
o 140
£ 1200} o _
g ol A The efficiency of PV modules is
% - R Vs, strongly dependent on orientation
5 a0 T~ and shading by buildings,
& 4 [ topography, etc.
2 20
ks o O3 b 2t 0 _ G a
0 10 20 30 40 50 60 70 80 a

0=Without shading Angle faade - opposite building ( °)

North = East South === WeSt ==w=== Roof: PV angle 5 ° to south wihout shading
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Quantitative aspects |
Simulation of PV electricity production potential

- ®30 z “
PV - electricity production w3 - U b
(opaque module, efficiency 20%) D 20%
Winter electricity production ¢
80
o I I 3.0G I EG
= | |
% 60
N B |
N |
R |
% 2o|""|' """"""""""" 'l """"""""""""""
R e |
o | T
0 10 20 30 4 0 50 60 70 80
O=Without shading Angle faade - opposite building (  °) 2
North d East South West ; t === RoOf: PV angle5 ° to south wihout shading
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Gebaude
2.0G |
2.0G

1.0G
EG .

A In winter, the PV output on the
south faade can be higher than
the output onthe  roof
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—
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Quantitative aspects 1
Life cycle assessment of systems
(new building)

T A
Carbon emissions

40 6
3.6 9 3.76 3.7
3.0 3.6 3.4 6
2.6 7
2.2
1.6
1.3
1.1
0.1 '
— — L
Reference Ground -based Wall - mounted PV faade
Fibre cement faede greening faade greening Opaque
board modules
B Construction |® Operation
(faede ) (Maintenance facade + operating energy building)
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North/South

——— D .l

PV faade
Transparent

modules
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Ground -based
faade greening

’

Wall - mounted
faade greening
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opaque modules
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Quantitative aspects 1

Different scenarios or layouts of greening and PV (new building)

- W3 U b
Scenario 1.
top PV/ Dbottom green ,all faades *
1 w3/ i

North East South West

Scenario 2.
top PV / bottom green, without north faade*

2 w3/

North East South West

.................

000000000000000

Scenario 3:
South faede PV/ other faades (green *
3 v W3 /1 1

North East South West

.....

I
t_~

E3IRXEXIXXIEEREDRD

..............

............

Scenario 4: ( Focus on energy production)
east, south, west faade PV, no green*

4 4 - T T kava W3
North East South West

-

*. PV always opaque / greenery always ground -based / white cement fibre board.
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Quantitative aspects 1

Life cycle assessment of systems and scenarios (new building)
- T°" ~
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Carbon emissions

40 6
3.6 9 3.76 3.7
30 3.6 3.4 6
3.18
26 7 2.7 7 2.7 6 2.7 6 26 26 4
2.4
2.2
1.8
1.6
1.3 -
1.1 ' 1.2
0.9
0.3 I 0.4 I 0-5 I
0.2
_ _
— — L
Reference Ground -based Wall - mounted PV faade PV faade Reference faade Scenario 1. Scenario 2: Scenario 3: Scenario 4. S
Fibre cement faede greening faade greening Opaque Transparent PV on the roof Top PV/ Top PV / South PV / Eath, South, 10
modules modules Bottom green Bottom green others green West PV >e
Without north 1 f
M Construction M Operation yimoGab2 ude
(faade) (Maintenance facade + operating energy building)
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Quantitative

greenhouse gas emissions / life cycle costs / initial costs
| A

o )
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kg CO

0
0
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aspects 1

/

Carbon emissions vs. LCC

O

50

100
annualized costs

150
(CHF/m2?gassapea)

200

© Reference faade (Fibre cement board)

Ground -based faade greening
Wall - mounted faade greening
0 PV faade 1 Opague modules
O PVfagqde 1 Transparent modules
O Reference faade / PV on the roof

Scenario 1: Top PV / Bottom green
Scenario 2: Top PV / Bottom green (Without north)

© Scenario 3: South PV / others green

© Scenario 4: Eath, South, West PV
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Quantitative aspects

District climate modelling
- "/ R

HSLU 27. Juli 2023

New software : Media release 20.7.2023

A Preventing heat islands at the planning stage

Urban and district planning takes on a new dimension In
times of climate change. A question that urgently arises:
How do you prevent heat accumulation through buildings?
The Lucerne University of Applied Sciences and Arts has
developed a tool that can calculate the microclimate in
existing and planned  neighbourhoods within seconds.
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Quantitative aspects

District climate modelling
R

HSLU 27. Juli 2023

A

Assumptions

A Urban context , but the surrounding buildings
were assumed to have a lower height in order to
simulate direct solar radiation on the faade.

A Sunny summer day: max. air temperature of
approx. 35 °C/ min. air temperature approx. 18

(night)

X!
“p X vy

35£C v 18 £ C

°C
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Quantitative aspects
District climate modelling

) v R Soll -bound wall - mounted opaque
S | greening greenery PV modules
PET = Physiologically equivalent 0.0
N O S W N O S W N O S W
temperature 0.5
. | 05 07 ~ R 0.8
The PET describes the thermal sensation of a "standard person”,
which represents an average thermal sensitivity. Air temperature, air -1.0 -0.7 -1.0 .
humidity, wind speed and direct solar radiation are particularly -1.0 1.3 1.2 11
relevant for thermal sensation. (Source: Canton of Zurich) 1.2 ' I 1l
-1.5 -1.4
PET " %, " " 15
A a a
T:) Y 5 g -20 2.2 -2.2
= 2.3 2o
. w -2.5
Shown are the mean values in the 0
different orientations without shading of 3.0
the faade compared to a rear -ventilated -3.2 27
faade ( fibre cement board, albedo: 0.45). -3.5 |
Assumption wind: 1 m/s, values show a
1 11 11 11 . -4'0
favourable and " unfavourable wind a1
direction. 45
T b a b
" T 0.45 v A X
1

Iy CE b PET at a distance of 1 m from the faade (day) ga d



Quantitative aspects
District cimate modelling

- M R
PET difference compared to the reference faade zur b
7.0 35 Diurnal course of the PET difference of
R N a wall -mounted greenery N
6.0 . 30 comparison to the reference faade at
4 \ .
\/ - ‘. | a distance of 1 m from the faade
>0 A AN ! #°  depending on the orientation
/’ N\
~ . / . . .
L - (assumptionwind: N A S of 1 m/s).
~ 4.0 7 < N o 20 R . - .
;S._}{ , X N S 1m/s ’
N L ;7 : b & PET v i
3 30 R 15
50 L0 A The cooling effect occurs in particular with
| direct solar radiation and can be higher or
lower in the various  orientations at certain
1.0 5 times of day
_ A Most effective onthe  south and west facades
0.0 0 (highest air temperatures at these times of day).
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Quantitative aspects
District climate modelling

- "/ R
Difference in PET temperature between thall-mounted greeneryand thereference facadeat different day times
Assumptions: direct sunlight on the facade (without shading), no WifEC)i(. . T . bO H PET o)

9:00 am 12:00 am 3:00 pm "

EI:{]—

7.7 -

2] Iq [ e 1_1 e o LJ o

h.2 —

3.9 —

2.6 -

1.3 =

0.0 =

. e -1.9 -

| 3.9 -

5.8 —

1.8 —

9.7 -

11.7 —

| I | 13.6 —

approx. 12 m distance between the buildings -15.6 —
A The cooling effect Is greatest directly on the faade and decreases with increasing e s

distance b e ) v o
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Quantitative aspects

District climate modelling
- M R

Difference in PET temperature between the wabunted greenery and the reference facade at 9:00 am.

Assumptions: direct solar radiation on the facade (without shadwdlh and without wind (NA S, 1m/s).

: ' ' - ith i - 5y 9:.00 . ba
9:00 am, without wind 9:00 am, with light wind s PET A

~N 7

— - 4Lt

A Wind can influence / reduce the effect of faade greening. ool
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The basics In a nutshell

A PV is preferable on surfaces with high electricity

Potential Gebaudehilie -

generation potential,  I.e. on south, east and west  -facing Losungsansatze zur optimalen Fassadengestaiting

mit PV und Begronung im Hinblick auf den Kiimawandel

. . M' ®30
surfaces without shading A rural 5 TRV

ohe
F -
Ed

A Greening is generally preferable in areas that are close
to people and therefore add value to the quality of stay

and wind protection is provided! A urban - '

- 5
A The decision depends on many factors: N E

O_G

Local needs (noise, climate, biodiversity, air quality, energy...)

Weighting  between the relevant (qualitative / quantitative) aspects

Orientation, shading, floor - by -floor and seasonal analysis (energetic and
gualitative optimisation )

A System boundary of the consideration (socio  -economic balancing)

K

To To I |

A The combination of systems can make sense both HSLU Hochschuie
- . . - R . Luzemn
economically and ecologically. . a Ra a a
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A Challenges

A Fire protection
no clear reqgulations for PV and greening

no planning certainty )
W 3

A Care and maintenance &
Initial costs, maintenance
Effort (organisation , time)

A Lack of know -how M
Architecture, Technology, Implementation

78

Potential Gebaudehilie -
Lésungsansitze rur optimalen Fassadengestaltung
mit PV und Begrunung im Hinblick auf den Kiimawandel
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A Challenges Fire protecton A
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