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Illustrative Mitigation Pathways (IMPs) and net zero CO2 and GHG emissions strategies. Source: IPCC, 2022: Summary for Policymakers. In: Climate Change 2022: 

Mitigation of Climate Change. Contribution of Working Group III to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [P.R. Shukla, J. 

Skea, R. Slade, A. Al Khourdajie, R. van Diemen, D. McCollum, M. Pathak, S. Some, P. Vyas, R. Fradera, M. Belkacemi, A. Hasija, G. Lisboa, S. Luz, J. Malley, (eds.)]. 

Cambridge University Press, Cambridge, UK and New York, NY, USA. doi: 10.1017/9781009157926.001

Heavy reliance on supply-side mitigation strategies.

Demand-side: IAMs incorporate changes in energy efficiency, 

but other demand-side options are often excluded.
(van Sluisveld et al. 2015; Creutzig et al. 2016; van den Berg et 

al. 2019; Wilson et al. 2019)
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Heavy reliance on supply-side mitigation strategies.

Demand-side: IAMs incorporate changes in energy efficiency, 

but other demand-side options are often excluded.
(van Sluisveld et al. 2015; Creutzig et al. 2016; van den Berg et 

al. 2019; Wilson et al. 2019)

Ambitious demand-side mitigation options (sufficiency and 

material efficiency) can significantly reduce the need for 

negative emissions.
(Wachsmuth and Duscha 2019)
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Embodied GHG emissions of buildings – The hidden challenge for effective climate change mitigation

https://doi.org/10.1016/j.apenergy.2019.114107
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Embodied GHG emissions of buildings – The hidden challenge for effective climate change mitigation

https://doi.org/10.1016/j.apenergy.2019.114107

Reducing material demand: natural and 

effective first step



3D printed concrete displacement bodies

COEBRO – additive fabrication of concrete elements by robots



-40% weight

COEBRO – additive fabrication of concrete elements by robots



COEBRO – additive fabrication of concrete elements by robots



Positioning of displacement bodies

COEBRO – additive fabrication of concrete elements by robots



Reinforcing

COEBRO – additive fabrication of concrete elements by robots



Conventional concrete pouring

COEBRO – additive fabrication of concrete elements by robots



COEBRO – additive fabrication of concrete elements by robots
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Underground parking lot ceiling - NÖRDLINGEN

PROJECT DATA:

17m x 10m

160m² roof area

Single-axis clamping

168 printed concrete segments

48 elongated displacement bodies
(DB)

DB. between 2m & 7m length

PRINTING STRATEGY

CONNECTION ISSUES

LOGISTICS

POSITIONING 



Underground parking lot ceiling - NÖRDLINGEN

Printing strategy



Underground parking lot ceiling - NÖRDLINGEN

Logistics



Underground parking lot ceiling - NÖRDLINGEN

Postitioning of displacement bodies



Underground parking lot ceiling - NÖRDLINGEN

Concrete pouring



Underground parking lot ceiling - NÖRDLINGEN
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WERIT WERKSTOFFHOF – Vorarlberg, Bludenz

717 m²

792. Displacement bodies („voids“)
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(iii) Expert interviews for 
stakeholder perspective + 
Agent based modelling for 

client acceptance

(iv) Scenario definitions

Scenario 1 Scenario 2 Scenario 3 …

Robot efficiency low X

Robot efficiency high X X

Electricity 100% renewable X X

Electricity 50% renewable X

Clinker content high X X

Clinker content low X

…

[Parameter n] high X

[Parameter n] low X X
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Cumulative installed capacity

Learning curve

(ii) Upscaling methods – proxy 
learning curves for future 
implementation predictions

3D printed slab - prefab

3D printed wall – on-site

(i) Material testing and selection, structural 
calculations and printing design

(v) Prospective Life Cycle Assessment
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Source: Saade, Passer, Trummer and Peters (2021) – starting grant proposal – TU Graz 



“Efficiency first” in the 

embodied emissions realm: 

low risk, low cost, low impact 
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