
Polymer-based Facades
Embodied, operational, and circular potentials



Material
Plastic/Polymers

System
Dynamic/Kinetic
Passive
Hybrid

Façade Performance
Indoor comfort
Operational Emission
Embodied Emission



Dynamic façades with plastic? with other materials?

Façade for the Institute Du Monde Arabe, Paris, F 
(1987) Atelier Jean Nouvel

Adaptive Cellular Automata Facade Trained by Artificial Neural 
Networks, UCL (2009-Project and Partial Prototype) Marilena Skavara

Shading Roofs for the Aldar Central Market, Abu Dhabi, UAE (2006-2010) C. 
Hoberman for a Foster and Partners Project

Vertical and Horizontal Integrated Glare Control Blade System (2011- 
Proposal) Mathew Schwartz, Robin Li, Mojtaba Navvab

A Responsive Sun-Shading System Supported by the Use of Fuzzy Logic 
(2014-Proposal) Velasco, Rodrigo - Frontis 3d

Façade’s Shading System for the Al Bahr Towers, Abu Dhabi, UAE (2012) 
Aedas Architects

Bloom: Thermal bimetal panels, San Diego, USA (2011-Installation) D. 
Sung et al.

HygroSkin-Meteorosensitive Pavilion, ICD (2013-Pavilion) A. Menges et 
al. veneer >> biopolymers

Spaceshift Electroactive Polymer Façade, ETH (2010-Installation) M. 
Kretzer et al.

Façade for the Media-ICT Building, Barcelona, ES (2010), Vector Foiltec

Active Façade for Expo 2012, Yeosu, SK (2012) Soma Architects, 
Knippers-Helbig Eng.

Dynamic Façades and Computation: Towards an Inclusive Categorization of High Performance Kinetic Façade Systems

https://doi.org/10.1007/978-3-662-47386-3_10 Velasco at al.,2015



Variable printing patterns and materials (PV) on ETFE membranes 

Adaptive, multi-layer membrane façade; ETFE foil; double layer; Pneumatic Cushion
Movement
Material Deformation
External
Gas/Air

Zanelli et al., 2011; 2021; Velasco at al.,2015; Flor et al. 2021; Borschewski et al, 2023 

Nitrogen fog (SW); air (SE)

Indoor comfort testing Multi-layer and LCA



Ökobilanzierung adaptiver Hüllen und Strukturen

Borschewski et al, 2023; 2024 https://doi.org/10.1002%2Fbate.202200067; https://doi.org/10.1016/j.spc.2024.07.004

Parameter Values

Foil material
Ethylene tetrafluoroethylene (ETFE); 
Polytetrafluoroethylene (PTFE); Polypropylene (PP); 
Polyethylene (PE); grammage 0.42 kg/m2

Foil end-of-life Incineration; Recycling

Number of foil layers 1–6

Printing material Aluminium, Titanium dioxide; Silver; Gold

Printed area 25–100 % for two layers (Interval: 25 %)

Contact welding length 1–4 m/m2 (Interval: 1 m)

Filling substance Argon; Air

Frame material Polyoxymethylene (POM); Aluminium 100 % primary, 
Aluminium 80 % secondary, Aluminium 100 % secondary

Frame weight Polyoxymethylene (POM): 13.6 kg/m2; Aluminium: 4 kg/m2

Frame end-of-life Disposal (metals); Incineration (plastics); Recycling

Operational strategy Conductive; Insulating; Adaptive 1; Adaptive 2

Energy consumption (electricity) 120 to 595 kWh/a (simulation results)

Electricity mix (scenarios) 2020; 2030; 2040; 2050

Transport (by truck) 300; 1000; 2500 km

https://doi.org/10.1002%2Fbate.202200067


Building Energy Rating

-    General Data

Project: Media tic
Autonomous Community: Catalonia
Locality: Barcelona
Building type: Offices
Minimum solar DHW coverage: 0.0
CTE-HE 4 (%): 0.0
Annual renewable electrical energy: 39,383.0 kWh/year

- Summary of Annual Energy Indicators

- Total Value

Energy Indicator Building Object Reference Building Index Rating

Heating demand (kWh/m² year) 58.3 10.1 5.79 G

Cooling demand (kWh/m² year) 79.1 180.6 0.44 B

Climate emissions (kg CO₂/m²) 62.9 140.6 0.45 B

DHW emissions (kg CO₂/m²)
(domestic hot water) 0.0 0.0 -1.00 -

Lighting emissions (kg CO₂/m²) 3.1 26.4 0.12 A

Total emissions (kg CO₂/m²) 66.1 167.0 0.40 A

Concept Building Object Reference Building

Final Energy (kWh/m² year) 113.2 399.0

Emissions (kg CO₂/m² year) 66.1 167.0

137.4 - 6.77 (l) – 17.43 (re) 

- Reported Area (not in the report)
23000 sqm  (7000+15000)
2500 sqm (ETFE)



https://materiability.com/portfolio/shapeshift/ ETHA & EMPA, 2010

Electroactive polymers
Movement
Material Deformation
External
Electricity



Holstov et al.,  2016; Cheng et al., 2023 

Self-responsive façades
Movement
Material Deformation
Self-changing
Humidity / Temperature

Veneer-based w adhesive layers; 4d printing w polymers



Functional graded facades through material deposition or multi-material (Thermoplastics)

Light Distribution in 3D-Printed Thermoplastics

Taseva et al., 2020; ;Cheibas at al.,2023

(Taseva et al., 2020)



Potentials of hydroactive lightweight façades for urban climate resilience (HydroSKIN)
Ökobilanzierung adaptiver Hüllen und Strukturen

https://doi.org/10.1002/cend.202200003
https://doi.org/10.1002%2Fbate.202200067

Eisenbarth et al.,2022; 
Borschewski et al, 2022 

Rainwater harvest
Evaporative cooling
-
Low EC
Reduce OC

1: protection against dirt particles
2: water transport
3: optional water storage
4: water drainage



EC:
PET-G
Structure (self-structure)
The morphuis the skin….

8.8 kg
λ: 0.19W/mK
U: 1.7 W/m2K

10.5 kg
λ : 0.25W/mK
U: 1.4 W/m2K

12.6 kg
λ : 0.36W/mK
U: 1 W/m2K

Thermal wall and active cooling through printed channel (Thermoplastics)

Piccioni at al.,2023

λ : 0.1 W/(m·K), 
U: 0.30W/(m2·K) (33cm) = R: 3.33m2K/W
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