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Energy systems



«NeighborHub»
Solar house, winner of US Solar Decathlon 2017
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Structural Xploration Lab (SXL) 
Elastic gridshell pavilion with reclaimed skis– Prof. Corentin Five, EPFL SXL



Why ?
8



Challenge #1: 
Energy and greenhouse gas emissions
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Why design matters
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Beijing Olympic Stadium, China
Arup, 2008

4500 kgCO2e/seat

London Olympic Stadium, United Kingdom
Buro Happold, 2012

350 kgCO2e/seat
> 10 x

C. De Wolf / J. Hogroian / J. Ochsendorf ∙ 2014



Prestige and money also matter
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Louis Vuitton, Paris
Frank Gehry, 2014

Eiffel Tower, Paris
Gustave Eiffel, 1889

Dubai Creek Harbor Tower
Santiago Calatrava, under construction

“Twice the Eiffel tower in weight.”

“Three times 
the Eiffel tower in weight, 
in the foundations only.”



Societal value and politics also matter

16

Pantheon, Rome
Former roman temple, 119-128 AD

Kingdome, Seattle
Naramore, Skilling & Praeger, 1976-2000
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What is circular economy?LINEAR ECONOMY

MAKE USE DISCARDRESOURCES

L

J. Brütting, 2018



What is circular economy?

RECYCLE

REUSE

REPAIRREDUCE

CIRCULAR ECONOMY

MAKE USE DISCARDRESOURCES

L

J. Brütting, 2018
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Reuse of pylons for Lausanne train station

J. Desruelle / J.Brütting / C.Fivet ∙ 2018
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Reuse of Swiss cable cars for bridges

Toni Rüttimann
Toni “el Suizo” Rüttimann’s suspension bridges for developing countries
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Maison du Peuple
Brussels
Victor Horta 1899

Café Horta & Art 
Nouveau Zaal
Antwerp
Reconstruction
2000



Leasing building components
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Circular Building, Arup
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Proceedings of the IASS Symposium 2018 
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Alternative materials can also be considered, such as rammed earth, which has a significantly lower 
ECC compared to concrete [11]. Swiss architects Herzog and de Meuron consulted rammed earth 
specialist Martin Rauch for the Ricola Herb Center in Laufen, Switzerland, for example [12]. 

Timber, when sourced from a sustainable forest, can be a renewable construction material absorbing 
carbon emissions during the growth of trees and therefore turning buildings into ‘carbon sinks’. The 
second case study analyzed in this paper is the seven-story high Tamedia Office Building in Zurich, 
Switzerland (Figure 2), designed by Japanese architect Shigeru Ban [13]. The structure uses 2000 m3 of 
prefabricated elements in spruce wood with no additional steel reinforcements, saving over 70% of CO2 
equivalent emissions compared to similar office buildings.  

   
Figure 2: Tamedia Office Building by Shigeru Ban in Zurich, Switzerland [13] 

2.3. Reuse	
Results show that the embodied carbon of buildings can be an order of magnitude lower than the average 
of existing buildings by combining the two first pathways: using low carbon materials and structurally 
efficient systems [14]. A third pathway can be added by applying circular economy principles to the 
built environment.  

This third way to lower the GWP of structures all together is reusing waste materials. For example, the 
Structural Xploration Lab (SXL) designed a demountable gridshell after testing the stiffness of thrown-
away skis [15]. Rather than starting from the typology and form to define the materials and components, 
Brutting [16] optimizes structures starting from a given stock of components. My last case study is the 
Cabanon Project (Figure 3) in Lausanne, Switzerland [17]. The art pavilion reused structural elements 
from the dismantling of the International Olympic Committee (IOC) headquarters, bringing down the 
embodied carbon of the new pavilion design by up to 90% compared to conventional construction. 

     
Figure 3: The Cabanon Project in Lausanne, Switzerland: a) IOC headquarters, b) art pavilion, c) plans of pavilion [18] 

3. Discussion 
As illustrated in Figure 4, the embodied carbon of building structures can be successfully lowered by 
following three pathways: lowering the SMQ by designing material efficient structures; lowering the 
ECC by choosing low carbon materials; lowering the GWP all together by reusing waste materials. The 
savings in carbon emissions are based on similar buildings in the database of embodied Quantity outputs 
(deQo), used for benchmarking embodied carbon in building structures [19]. The three pathways should 
be integrated rather than applied separately in a particular design, in order for a structural designer to 
actively reduce carbon emissions of buildings. International initiatives are underway to develop a 
uniform methodology to quantify savings in embodied carbon of buildings [20]. 

 
Figure 4: GWP of Swiss case studies relative to conventional buildings in deQo, including uncertainty 
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The Cabanon Project

Tamedia Office Building

NEST HiLo Building

Conventional Building in deQo

• Reuse of dismantled elements
• Local elements
_____________________________________
– 85% CO2e

International Olympic Committee, Lausanne
Disassembly

Cabanon Project Pavilion, Lausanne
EPFL & Unil
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