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Focus at Façade Level
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Main Objective

The development of a framework that can evaluate facade systems regarding their environmental impact, acoustic
and thermal performance, and used as an optimization tool for designing an environmentally friendly facade.

Sub-Objectives

S-O1) Identify which facade system predominates in the Netherlands Today.

S-O2) Analyze the identified facade systems in terms of acoustic and thermal performance, and environmental
impact.

S-O3) Provide the evaluation criteria to rate and select potential facade systems to be improved in terms
of environmental impact.

S-O4) Define the design requirements to decrease the environmental impact of a facade.

Main Research Question

How can a facade system be design or optimized in the most environmentally friendly way without reducing the
acoustic and thermal performance?

S-Q1) How can environmental impact, acoustic and thermal performance be related?

S-Q2) How can a facade system be addressed in terms of environmental impact and performance?

S.Q3) How can a framework be provided to identify the opportunities to design or optimize a facade
system in order to reduce the environmental impact.
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Literature Research and Review

- Environmental Impact Assessment Methods

- Façade systems in the Netherlands Today

- Building and Product Examples

- Façade System Assessment Strategy

- Thermal Performance vs Environmental
Impact

- Acoustic Performance vs Environmental
Impact

- Identifying the Most Critical Façade System

- Design Optimization Strategy

- Material Optimization to reduce the
environmental impact without decreasing the
thermal or acoustic insulation.

- Shape Optimization to reduce the
environmental impact without decreasing the
thermal or acoustic insulation.

- Comparison Among the Design Options

- Conclusion

- Further Research

Evaluation Framework Development Design Option Proposals Conclusion and Further Research

Methodology
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Life - Cycle Assessment (LCA)

Most extensive form of environmental
assessment, but expensive and hard to
interpret by a designer.

Product Data Sheet (PDS)

Self-reported information about
a product, provided by the
manufacturer.

Environemntal Product
Declaration (EPD)

- Shorter version of an LCA

- Contains numerical data
on the environmental
impact of products:

- Embodied energy
- Carbon footprint
- Fresh water cons.
- Ozone Layer dep.
- Others

Eco - Audit (Tool)

- Adopts simple metrics of
environmental stress:
Embodied energy and CO2

emissions.

- Distinguish the phase of life of
most concern.

Environmental Impact Assessment Methods
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Panel 
Systems

Brick + Prefab Concrete 
Cavity Wall

Masonry 
Systems

Frame
Systems

Board
Systems

Brick + CLT 
Cavity Wall

Brick + Sand Lime Block
Cavity Wall

Brick + CMU 
Cavity Wall

Brick + Timber Frames
Cavity Wall

E-board + Prefab Concrete Wall

E-board + CLT Wall

E-board + Sand Lime Block Wall

E-board + CMU Wall

E-board + Timber Frames Wall

Façade Systems in the Netherlands Today
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Panel 
Systems

Brick + Prefab Concrete 
Cavity Wall

Brick + CLT Cavity Wall
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Masonry 
Systems

Brick + Sand Lime Block 
Cavity Wall

Brick + CMU Cavity Wall
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Frame 
Systems

Brick + Timber Frames 
Cavity Wall
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Board 
Systems

E-Board + Prefab Concrete Wall

E-Board + CLT Wall
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Board 
Systems

E-Board + CMU Wall

E-Board + Sand Lime Block Wall
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Board 
Systems

E-Board + Timber Frames Wall
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Building and Product Examples
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1) EC3
2) Canada’s 
Earth Tower

3) The K-briq

- Free digital calculator

- Embodied carbon in a construction

- Gathers data from EPD´s

- Facades and columns made of timber

- Reduced green house effects

- Lightweight materials (less environmental impact)

- 90% waste materials 

- Reduced manufacturing energy 
and CO2 emissions

- Improved thermal insulation



Embodied energy and CO2 emissions of façade system components

Embodied energy and CO2 emissions of façade system and their
components based on required U-value

Embodied energy and CO2 emissions of
façade system and their components based
on required airborne sound insulation

Façade Systems Assessment Strategy
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Thermal Performance vs Environmental impact
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Thermal Performance vs Environmental impact
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Thermal Performance vs Environmental impact



Airborne Sound Insulation of Façade Systems for U-value = 0.22 W/m2K
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Acoustic Performance vs Environmental impact
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Durability Assessment
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Durability Assessment



Design Optimization Strategy
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Brick + Prefab Concrete 
Cavity Wall



Material Selection
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Shape optimization Workflow
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U-value = 0.26 W/m2K

Evaluation Criteria Establishment
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Prefab Concrete Sandwich Panel Assessment



Shape Optimization Concept

Solid
Hollow 
Core

With 
Insulation

Thin 
Plate
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U-value = 0.26 W/m2K

Design Option 1

29



U-value = 0.21 W/m2K

Design Option 2
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U-value = 0.25 W/m2K

Design Option 3
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Design Options Overview
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Thermal Insulation vs Environmental Impact: Comparison
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Acoustic Insulation vs Environmental Impact: Comparison
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Durability: Comparison

1
- 4.2%

2
- 8.4%

3
+ 1.1%

1
- 13.3%

2
- 20%

3
- 13.3%
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Conclusion

The embodied energy and the carbon footprint are broadly understood parameters by designers and engineers.

Therefore, a framework can be developed to measure the environmental impact of any product, component or façade

system.

Since facade components are normally measured in square meters (m2), a good way of presenting the embodied energy

and carbon footprint in a facade system is by measuring them in MJ/m2 and kgCO2/ m2.

The environmental impact can be related to any building parameter like the U-value and the airborne sound insulation, in

order to assess any existing design and to obtain ideas on how to improve it.

From the different conducted assessments it could be observed that the systems with the higher environmental impact in

order to reach certain U-values or airborne sound insulation levels are the more massive systems. For this reason,

optimizing these facades focusing on reducing the mass proved to be a good solution in order to reduce their

environmental impact.
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Further Research

A way of quantifying the environmental impact of the materials in a facade system regarding the life-stages of 
construction and use phases can be taken into account

Other parameters can be taken into account in this tool to compare with the environmental impact, like structural 
properties or cost.

The assessment framework can be scaled up in order to evaluate not only facade systems, but all the components in a 
building.



Thank you!
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