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By one estimate, the world will add 2 trillion 

square feet of buildings by 2060—the 

equivalent of putting up another New York 

City every month for the next 40 years.
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UN 2020 Global Status Report for 
Buildings and Construction

Estimated Global CO2 
Emissions by Sector 

Sample breakdown for midrise residential building

Embodied 
emissions
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Structural 
materials
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Where is the 
carbon?
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1. D. Arciaga and C. Plett, ‘Comparative Study and Benchmarking of Embodied Carbon in the Structural Design of Concrete Residential Buildings in Vancouver, BC and Toronto, ON markets’, NHICE 04 - 4th International Conference on New Horizons in Green Civil Engineering, Aug. 26, 2024.

2. D. Fang, P. Kenny, and C. Mueller, ‘Material Efficiency as a Key Opportunity to Reduce Embodied Carbon in Structural Systems:  Data Insights from 226 Fully Designed Projects’, Journal of Structural Engineering, vol. 152, no. 2, p. 04025275, Feb. 2026.
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Structural 
complexity
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K. Feickert, N. K. Hirt, K. Chan, and C. T. Mueller, ‘Quantifying the embodied carbon of cantilevered massing typologies in architectura l design’, 

in Proceedings of the IASS Annual Symposium 2025 “The living past as a source of innovation”, Mexico City, Oct. 2025.

Carbon premium:
Cantilevers
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Carbon premium:
Height

The Guardian

Steel buildings1

Concrete buildings2

1. J. Helal, A. Stephan, and R. Crawford, ‘Beyond the “premium-for-height” framework for designing structural systems for tall 

buildings: considering embodied environmental flows’, Dec. 2018, after Khan (1967).

2. A. S. S. Rizk, ‘Structural Design of Reinforced Concrete Tall Buildings’, CTBUH Journal, no. 1, 2010.
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Carbon premium:
Height

J. Helal, D. Trabucco, and D. Savovic, ‘Embodied carbon premium for vanity height: A case for the exclusion of decorative 

spires in the design of tall buildings’, Journal of Cleaner Production, vol. 456, p. 142334, Jun. 2024.The Guardian



Carbon premium:
Transfers
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Transfer beam Transfer slab

E. Pinelli, ‘Evaluating the Impact of Transfer Structures through Automated Design’, Master’s Thesis, EPFL, Lausanne, 2025.
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UrbanToronto contributer Rascacielo
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Flat slabs
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W. Hawkins, A. Peters, and T. Mander, ‘A weight off your mind: floor loadings and the climate 

emergency’, thestructuralengineer.org, pp. 18–20, May 2021.
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Deflection 
mitigation
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D. Snodgrass and D. Ruggiero, ‘Finding carbon and cost efficiencies in the design of RC slabs made from high early strength concrete’, in Concrete structures: extend lifetime, limit impacts Proceedings of the 2025 fib International Symposium, held in 

Antibes, France, Antibes, France: Fédération internationale du béton - International Federation for Structural Concrete (f ib), Jun. 2025, pp. 2379–2390.

Construction shoring

Reduced creep modifier

Site-measured modulus of elasticity

Site-measured modulus of rupture

Load refinement

Total deflection



Ribs and beams
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F. Belizario Silva et al., ‘Beams unlock large carbon savings in reinforced concrete structures’, p. 10 p., Sep. 2025.

More material, more 

embodied carbon 

Simpler formwork

Cheaper

Lower profile

Less material, less 

embodied carbon 

Complex formwork

More expensive

Deeper profile



Ribs and beams
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F. Belizario Silva et al., ‘Beams unlock large carbon savings in reinforced concrete structures’, p. 10 p., Sep. 2025.
A. Majdouba and D. Ruggiero, ‘Three-Dimensional Topology Optimization of RC Slabs: Integrating Serviceability and Manufacturing Constraints’, in 

Proceedings of the fib Symposium 2025, Antibes, France, Jun. 2025, pp. 2410–2419.



Systemic 
over-design
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Design load Design strength



“Utilization ratio” =
Design load

Design strength

Systemic 
over-design
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C. F. Dunant, M. P. Drewniok, S. Eleftheriadis, J. M. Cullen, and J. M. Allwood, ‘Regularity and optimisation practice in steel structural frames in real 

design cases’, Resources, Conservation and Recycling, vol. 134, pp. 294–302, Jul. 2018.



Systemic 
over-design
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D. Snodgrass and D. Ruggiero, ‘Finding carbon and cost efficiencies in the design of RC slabs made from high early strength concrete’, in Concrete 

structures: extend lifetime, limit impacts Proceedings of the 2025 fib International Symposium, held in Antibes, France, Antibes, France: Fédération 

internationale du béton - International Federation for Structural Concrete (f ib), Jun. 2025, pp. 2379–2390.
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Weight-loss tips for our buildings

Geometry and layout:

Right-size spans; shorter is better

Align elements vertically to minimize transfers and cantilevers

Accept structural depth where possible

Design practice and culture:

Prioritize early coordination between disciplines

Avoid stacking additional factors of safety

Challenge the design brief

Technical optimization:

Design floors for realistic deflection and serviceability targets

Use higher strength materials strategically

Make embodied carbon an explicit design variable



Thank you 
for your 
attention!
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