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image © 2018 Stephan Rappo for Solaris, Hochparterre magazine series
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Development and forecasts

Climate Scenarios for Switzerland CH2018

27. Juli 2023 Seite 4

Development so far

Sources: NCCS (ed.) 2021: Climate Change in the Canton of Basel -Landschaft - What has happened so far and what can we expect in the future? (Version 1.0) National Centre for Climate Services, Zurich, 15 p.

Since pre - industrial times

Heat waves

Coldness

Volume of glacier

Zero degree limitVegetation period

Snow days

Winter rainfall

Heavy rainfall
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Development and forecasts

Climate Scenarios for Switzerland CH2018

27. Juli 2023 Seite 5

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

Thaw in the Alps
Permafrost thaws - is the time of the 
great landslides approaching?

New peak values
Permafrost continues to thaw

Friday 13.01.2023 19:53
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Development and forecasts

Climate Scenarios for Switzerland CH2018
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Global emissions scenarios

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.

No climate protection
Consequent climate protection

Zero degree limitVegetation period

Swiss mean annual temperature 
(deviation from the standard period 1981 -2010)

Ṝ  CH2018
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Development and forecasts

Climate Scenarios for Switzerland CH2018

27. Juli 2023 Seite 7

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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Climate -adapted building - basics for planning

Project « ClimaBau » (2018) ïPlanning in the context of climate change

Seite 8

Paradigm shift: 

Å"Climate change - when 

cooling becomes more 

important than heating...".

ÅFocus: Planning that 

guarantees well-being and 

health

Ą Consider the life cycle of

the building

6 Facts about climate change 
and the Swiss building stock
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Climate -adapted building - basics for planning

New climate data sets for the future indoor climate

27. Juli 2023 Seite 9

Climate scenarios for the future indoor climate (SIA 2028)

Final report

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

New climate data sets for the future indoor climate

27. Juli 2023

Current instrument ïSIA 2028 ╠SIA 2028

«Design reference years » (DRY) for today's climate

Å 1 year of hourly data (observations) representing 

the mean climate 1984 -2003

Å Physically consistent parameters 

(temperature, humidity, radiation, wind, cloudiness)

Å 40 meteo stations in Switzerland

Objective in the new instrument ïSIA 2028 SIA 2028 

Addendum ïDRY for the climate of the future ( CH2018)

Å Same criteria and additionally

Å Focus on heat waves

Å Data for cities
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Climate -adapted building - basics for planning

New climate data sets for the future indoor climate

27. Juli 2023

New instrument ïSIA 2028

Å 40 peripheral meteo stations

Å 4 urban meteo stations

Seite 11

ῤ Ṝ Ṝ

40 ҩ  
4 ҩ

ΐ ͠ SIA 2028



Climate -adapted building - basics for planning

New climate data sets for the future indoor climate

27. Juli 2023

Generated reference years

Source: MeteoSwiss, SIA and Lucerne University of Applied Sciences and Arts, 2022: Klimaszenarien fürs zukünftige Innenraumkl ima (SIA 2028) - Schlussbericht der 
Projekte "Klimaangepasstes Bauen - Grundlagen für die Zukunft" und A.15 "Aktuelle Klimadaten für Bauplanende" Fachbericht MeteoS chweiz, 279, 124 pp.

Near future (2035)  

Mid -century
(2060)  

Period  Scenario Reference year type

"1 in 10" warm summer year

"1 in 10" warm summer year

"1 in 10" warm summer year

Seite 12
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Climate -adapted building - basics for planning

New climate data sets for the future indoor climate

27. Juli 2023 Seite 13

Test simulations ïperipheral stations

Residential use - 3 different climate zones

Swiss Plateau (Kloten)

Å Increasing importance of climate cooling

Alpine locations (Davos)

ÅHardly any cooling

Southern Alps (Lugano)

ÅClimate cooling demand 

higher than heating demand

Energy and power demand of residential buildings

Heating energy demand Cooling energy demand
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Climate -adapted building - basics for planning

New climate data sets for the future indoor climate

27. Juli 2023 Seite 14

Test simulations ïurban station

Comparison to peripheral stations

Urban area (Zürich)

Åmeasures are not sufficient 

(sun protection, night cooling)

ÅBuildings not planned for the climate of the 

future will require (active) cooling or will 

have to be refitted.

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

ÅPolitics: Urban climate analysis

ÅNew instruments

ÅExample: City of Basel

ÅStrategies and catalogue of measures

ÅGreening in areas

Importance of the city/

area consideration...
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Climate -adapted building - basics for planning

Urban climate maps and planning principles for building in 2050

27. Juli 2023

Seite 16

Urban climate analysis
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Climate -adapted building - basics for planning

Urban climate maps and planning principles for building in 2050

27. Juli 2023

Seite 17

Urban climate analysis ïBasel - city Nocturnal temperature environment

Source: Burmeister, C., et al., 2019: Stadtklimaanalyse Kanton Basel -Stadt 2019. Grundlagen, Methoden, Ergebnisse. Lufthygieneam t beider Basel , 52 pp.

2019 2030 RCP4.5
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Climate -adapted building

Measures by the cities

27. Juli 2023

Seite 18

Urban climate analysis ïBasel - city Catalogue of measures

Source: Building and Transport Department of the Canton of Basel -Stadt. Städtebau & Architektur, 2023: 
Stadtklimakonzept zur klimaangepassten Siedlungsentwicklung im Kanton Basel -Stadt. Bau - und 
Verkehrsdepartement des Kantons Basel -Stadt, 132 pp.

Green measures Blue measures  Measures on buildings/ 
building positioning

Further technical 
measures

Diversify green spaces and design them in a 
climate -adapted way

Create new green spaces and increase the proportion 
of greenery in open spaces and traffic areas.

Shade squares, streets and paths as well as buildings 
with trees.

Align vegetation to climate warming 
and site conditions

Promoting tangible water

Unsealing paved surfacesr

Closing the rainwater cycle in open spaces

Establish irrigation of greenery with 
rainwater

Intensively green new flat roofs and store water 
on them

Greening façades or designing them with climate -
adapted materials

Align building interventions with ventilation, cold 
air flow, irradiation and shadows cast

Align materialisation in the outdoor space with 
low heat storage function

Technical solutions for shading and cooling in 
open spaces

Ṝ
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Climate -adapted building

Measures by the cities

27. Juli 2023

Seite 19

City of Zürich ïGrass instead of asphalt against heat

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

Here Zurich is testing the car 
park of the future
In a unique experiment, the city wants to find out how pavements 
and parking spaces can be designed to have a cooling effect
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ÅBackground 

ÅProject partners

ÅState of research

ÅMethodological approach and products

ÅEvaluation criteria

GreenPV ï

Project idea and goals
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27. Juli 2023 Seite 21

Energy perspectives 2050+

Annual electricity generation new 

renewables

Ą Today 4 TWh

Ą Target 39 TWh!

Background

Ą Energy strategy for Switzerland Ą

Ῥ
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27. Juli 2023 Seite 22

Background

Ą Energy strategy for Switzerland

PV potential according to the 

Swiss Federal Office of Energy

Ą
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Annual production :  

- Roof 950 kWh/kWp

- South façade  700 kWh/kWp

Winter production ‏:

- Roof 230 kWh/kWp

- South façade  310 kWh/kWp

Share in the winter half - year :

‏ ᴍ

- Roof 25%

- South façade  45 %

Energy strategy for Switzerland

Ą Winter electricity !
Ą‏ ⱬ
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Technik & Architektur

Solution approaches for optimal façade design 

with PV and greening in relation to climate change

ñGreenPVò ïThe potential 
of the building envelope 
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Greenery can help to cool the 

outside air (evaporative cooling, 

heat reduction )

Electricity production through 

PV will become increasingly 

important in the future...

Both systems offer advantages ...

...however, there has not yet been 

a widespread application of PV 

and greening on the façade.

Approach
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Exterior
Building 
interface

Interior

Ă Neighbourhood climate modelling ñTool
Physical effects of environmental design and 
elements (greenery, water, materialisation , etc.) 
Focus: Planning tool for interactive 
neighbourhood climate modelling in the early 
project planning phase

ĂAir conditioning in the context of climate 
change ñ
Consequences of the inevitable increase in 
cooling demand in residential buildings; Focus: 
Energy -efficient use of air conditioning units

ĂGreenPV ïPotential of building envelope ñ 
Energy balance and ambient cooling of building 
envelopes (PV / green / openings). Focus: 
Analysis for optimal design of roof and façade 
surfaces. Effect on interior and immediate 
exterior spaces. (Energy, costs and comfort at 
the house).

ITC " Neighbourhood Climate " 
Overall Healing Sustainability; Focus: 
Analysis of the social value and economic 
feasibility of climate -relevant measures

ITC ĂGreening and Urban Climate ñ  
Measurements with drone flights; 

Focus: Quantification of the importance 
of facade and roof greening

ĂClimaBau ñ Planning for Climate Change
Analysis of today's residential buildings with 

current and future outdoor temperatures Focus: 
Quantification of energy demand and comfort 
over the building's lifetime

ĂReady for climate change ? Recommendations for 
building owners and planners ñ
Importance of window proportion and distribution for 
energy demand, thermal and visual comfort  Focus: 
practical recommendations for the planning of buildings 
suitable for climate change

Results 
flow in27. Juli 2023 Seite 26

Climate -adapted building - various approaches and research projects

Results 
flow in

Protection from overheating in summer

Daylight
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Aims of the project

Seite 27

Å Investigate barriers / acceptance of the use of greening and PV.

Å Provide information on the influence of different façade systems on the heat 

island effect .

Å Contrast the reduction of the heat island effect through greening with the 

potential of energy production by PV and demonstrate synergies.

Å Which are the decisive factors in the overall optimisation of the building façade 

considering climate change?

Å How can an optimal façade design with PV, green, opaque and transparent 

surfaces be achieved, taking into account various qualitative and quantitative 

factors?

Å How can the identified approach be integrated into the building and how can its 

application be promoted in the building stock ?

Research questions

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
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Method 

Ą Comparison of 4 façade systems with a reference façade ( fibre cement board)

Seite 28

Façade greening ground -based system

© GSZ, Vertiko GmbH, Viridén + Partner, AGRDR / Fernando Guerra 

wall -mounted system

PV - Façadeopaque PV modules

transparent PV modules
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Method 

Ą Evaluation criteria

Seite 29

Qualitative aspects

( l iterature )

Å Noise in urban areas

Å Air quality

Å Biodiversity

Å Rainwater retention

Å Attractiveness of outdoor spaces

Quantitative aspects

( simulations , measurements , calculations )

Å Thermal well -being

Å Operational phase: heating and cooling 

demand, electricity (general consumption)

Å Electricity generation (quantity, seasonal 

consideration, etc.)

Å Microclimate: temperature around the building

Å Life cycle assessment of the systems (LCA)

Å Cost analysis of the systems (LCC)

ᵀ ‰
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Contents:

ÅBrochure

ÅExamples: Qualitative aspects

ÅExamples: Quantitative aspects

ÅChallenges

ÅMeasurements

ÅDistrict climate modelling

GreenPV ï

Resultsé
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Recommendations for planners and investors

Ą GreenPV Brochure

Seite 31

Contents

Å Advantages of the respective façade systems

Å Checklists for planning

Å SWOT analyses of façade & roof systems

Å Notes and recommendations on the layout of the systems 

("decision - taking aid")

Å Overview tables and graphics on the influence of the 

systems on qualitative and quantitative criteria , taking 

orientation and floors into account

Å Selected details and important basic principles

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

and maintenance & design, important hints for planning & case 

studies

Å Most important findings of the study

Summary and conclusion

⅞  
Ą GreenPV Ύ
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Examples  

Ą Brochure 

Seite 32
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Examples  

Ą Brochure 
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Examples  

Ą Brochure 
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Examples  

Ą Brochure 
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Examples  

Ą Brochure 
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Examples  

Ą Brochure 

Seite 37
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Examples  

Ą Brochure 

Seite 38
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Qualitative aspects - approach, presentation and findings

1. literature research on the most important 

fundamental principles with relation to

ÅNoise in urban areas

ÅAir quality

ÅBiodiversity

ÅRainwater retention

ÅAttractiveness of outdoor spaces

2. evaluation of the potential of the different 

façade systems on the basis of an 8 -storey 

reference building (reference: fibre cement board)

27. Juli 2023 Seite 39

Ground - based 
façade greening
(Summer green, 
height of growth 15m )

Wall - mounted 
façade greening
(always green)

PV façade
opaque modules  

PV façade
transparent modules  

ⱬ
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Qualitative aspects

Noise in urban areas

27. Juli 2023 Seite 40

Ground - based 
façade greening
(Summer green, 
height of growth 15m )

Wall - mounted 
façade greening
(always green)

PV façade
opaque modules  

PV façade
transparent modules  

̔



Qualitative aspects  

Air quality

27. Juli 2023 Seite 41

Ground - based 
façade greening
(Summer green, 
height of growth 15m )

Wall - mounted 
façade greening
(always green)

PV façade
opaque modules  

PV façade
transparent modules  

̔



Qualitative aspects  

Biodiversity 

27. Juli 2023 Seite 42

Ground - based 
façade greening
(Summer green, 
height of growth 15m )

Wall - mounted 
façade greening
(always green)

PV façade
opaque modules  

PV façade
transparent modules  

̔



Qualitative aspects  

Rainwater retention

27. Juli 2023 Seite 43

Ground - based 
façade greening
(Summer green, 
height of growth 15m )

Wall - mounted 
façade greening
(always green)

PV façade
opaque modules  

PV façade
transparent modules  

̔



Qualitative aspects  

Attractiveness of 

outdoor spaces

27. Juli 2023 Seite 44

Ground - based 
façade greening
(Summer green, 
height of growth 15m )

Wall - mounted 
façade greening
(always green)

PV façade
opaque modules  

PV façade
transparent modules  

̔ ⱬ
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ÅIn the considered qualitative aspects, 

greening in particular can make a positive 

contribution.

ÅThe influence of the systems on the aspects 

examined is less dependent on orientation, 

but rather on the surrounding context and 

the storey (proximity to humans or 

emission sources, etc.).

Seite 45

Qualitative aspects - approach, presentation and findings
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Quantitative aspects - approach, presentation and findings

Seite 46

For the quantitative aspects, the 

orientation and possible 

shading of the façade by 

buildings, topography or other 

elements is particularly decisive.

Ą Graphical representation of the 

quantitative results analogous to 

the qualitative aspects
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Quantitative aspects ï

Simulation of PV electricity production potential

Ą The efficiency of PV modules is 

strongly dependent on orientation 

and shading by buildings, 

topography, etc.

PV - electricity production
( opaque module , efficiency 20%)  

Annual electricity production 

e
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u
c
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0=Without shading Angle façade - opposite building ( °)

North East South West Roof: PV angle 5 ° to south wihout shading

27. Juli 2023 Seite 47
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Quantitative aspects ï

Simulation of PV electricity production potential

Ą In winter, the PV output on the 

south façade can be higher than

the output on the roof

PV - electricity production 
(opaque module, efficiency 20%)  

Winter electricity production 

e
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c
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y
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u
c
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o
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0=Without shading Angle façade - opposite building ( °)

North East South West Roof: PV angle 5 ° to south wihout shading
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Quantitative aspects ï

different scenarios

Investigation of the systems

27. Juli 2023 Seite 49

Ground - based
façade greening

Wall - mounted
façade greening

PV façade
opaque modules

PV façade
transparent modules

Old building / 
renovated old building

East/West North/South East/West North/South

New building  
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Quantitative aspects ï

Life cycle assessment of systems 

(new building)

27. Juli 2023 Seite 50

Ground - based 
façade greening

Wall - mounted 
façade greening

PV façade
opaque modules

New building  

Ground -based 
façade greening

Wall -mounted 
façade greening

PV façade 
Opaque 
modules

PV façade 
Transparent 

modules

Reference 
Fibre cement 

board  

PV façade
transparent modules
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(transparente
Module)

Referenzfassade +
PV-Dachanlage

Sz. 1 Ăoben PV / 
unten Gr¿nñ alle 
Fassaden

Sz. 2 Ăoben PV / 
unten Gr¿nñ ohne 
Nordfassade 

Sz. 3 ĂS¿den PV / 
andere Gr¿nñ alle 
Geschosse (Gr¿n 
bis 3.OG)

Sz. 4 ĂFokus 
Energieproduktionñ 
PV alle Geschosse 
ohne Nordfassade
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(Maintenance facade + operating energy building)
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Quantitative aspects ï

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

Scenario 1: 
top PV / bottom green , all façades *

North           East          South          West

Scenario 2: 
top PV / bottom green, without north façade*

North           East          South          West

Scenario 3: 
South façade PV / other façades green *

North           East          South          West

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

North           East          South          West

*: PV always opaque / greenery always ground -based / white cement fibre board.

 - ᾣᴟ Ҍ ̂ ̃
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Module)
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PV-Dachanlage

Sz. 1 Ăoben PV / 
unten Gr¿nñ alle 
Fassaden

Sz. 2 Ăoben PV / 
unten Gr¿nñ ohne 
Nordfassade 

Sz. 3 ĂS¿den PV / 
andere Gr¿nñ alle 
Geschosse (Gr¿n 
bis 3.OG)

Sz. 4 ĂFokus 
Energieproduktionñ 
PV alle Geschosse 
ohne Nordfassade
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2
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ErstellungBetrieb (Unterhalt+Betriebsenergie Gebªude) Total

Quantitative aspects ï

Life cycle assessment of systems and scenarios (new building)
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(transparente
Module)

Referenzfassade +
PV-Dachanlage
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ErstellungBetrieb (Unterhalt+Betriebsenergie Gebªude) TotalConstruction
(façade)

Operation 
(Maintenance facade + operating energy building)

Carbon emissions

Ground -based 
façade greening

Wall -mounted 
façade greening

PV façade 
Opaque 
modules

PV façade 
Transparent 

modules

Reference 
Fibre cement 

board  

Reference façade
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 ï

greenhouse gas emissions / life cycle costs / initial costs
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Carbon emissions vs. LCC

annualized costs

Ground -based façade greening  

Wall -mounted façade greening

PV façade ïOpaque modules  

Reference façade (Fibre cement board)  

Reference façade / 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

PV façade ïTransparent modules  
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What does GreenPV mean for the environment?

Quantitative aspects

District climate modelling

New software : Media release 20.7.2023

Ą 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 

Assumptions : 

ÅUrban context , but the surrounding buildings 

were assumed to have a lower height in order to 

simulate direct solar radiation on the façade.

ÅSunny summer day: max. air temperature of 

approx. 35 °C / min. air temperature approx. 18 °C 

(night)

27. Juli 2023 Seite 55

What does GreenPV mean for the environment?
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PET in einem Abstand von 1 m zur Fassade -Tag 

Quantitative aspects   

District climate modelling 

PET = Physiologically equivalent

temperature

The PET describes the thermal sensation of a "standard person", 

which represents an average thermal sensitivity. Air temperature, air 

humidity, wind speed and direct solar radiation are particularly 

relevant for thermal sensation. (Source: Canton of Zurich)

Shown are the mean values in the 

different orientations without shading of 

the façade compared to a rear -ventilated 

façade ( fibre cement board, albedo: 0.45). 

Assumption wind: 1 m/s, values show a 

" favourable " and " unfavourable " wind 

direction.
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Quantitative aspects   

District climate modelling 
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PET-Differenz im Vergleich zur Referenzfassade

WB_PET_N_1m WB_PET_S_1m WB_PET_O_1m WB_PET_W_1m LT

Diurnal course of the PET difference of 

a wall - mounted greenery in 

comparison to the reference façade at 

a distance of 1 m from the façade 

depending on the orientation 

(assumption wind: N ĄS of 1 m/s).

Ą The cooling effect occurs in particular with

direct solar radiation and can be higher or 

lower in the various orientations at certain 

times of day . 

Ą Most effective on the south and west facades 

(highest air temperatures at these times of day).
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Quantitative aspects   

District climate modelling 

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

Ą The cooling effect is greatest directly on the façade and decreases with increasing 

distance

Difference in PET temperature between the wall-mounted greenery and the reference façade at different day times. 
Assumptions: direct sunlight on the façade (without shading), no wind.

approx. 12 m distance between the buildings
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Quantitative aspects   

District climate modelling 

9:00 am, without wind 9:00 am, with light wind

ĄWind can influence / reduce the effect of façade greening.

Difference in PET temperature between the wall-mounted greenery and the reference façade at 9:00 am. 
Assumptions: direct solar radiation on the façade (without shading), with and without wind (NĄ S, 1m/s).

27. Juli 2023 Seite 59

 - Ṝ

҉  9:00 ̆ ҍ
ӊ  PET ȂẊ ̔

̂ ̃̆
̂N S̆ 1m/s̃

ᴪ / ᵞ



27. Juli 2023 Seite 60

The basics in a nutshell

Å PV is preferable on surfaces with high electricity 

generation potential, i.e. on south, east and west - facing 

surfaces without shading Ą rural

Å 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! Ą urban

Å The decision depends on many factors:
‗ ‗ԍ ̔

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

Å Weighting between the relevant (qualitative / quantitative) aspects

Å Orientation, shading, floor - by - floor and seasonal analysis (energetic and 

qualitative optimisation ) 

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

Å The combination of systems can make sense both 

economically and ecologically.
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Ą Challenges

Seite 61

Å Fire protection

no clear regulations for PV and greening

no planning certainty

Å Care and maintenance

Initial costs , maintenance

Effort (organisation , time)

Å Lack of know - how

Architecture, Technology, Implementation
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Ą Challenges Fire protecton  Ą


