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Life cycle assessment (LCA)

LCA assesses the environmental impacts associated with the life cycle of a product or process.

Four phases of LCA

International standards for LCA: 
ISO 14040 & 14044

* “Introduction to LCA” tutorial video by DOE IEDO

Environmental impacts include a range of categories:
- Emissions (global warming potential, 

acidification, ozone depletion, ecotoxicity, etc.)
- Cumulative energy demand
- Resource (e.g., water) consumption
- Land use

LCA is a holistic and iterative methodology.

Benchmarking (attributional & 
consequential) LCA approach*

What’s the state of the concrete 
market? Do we pick a universal or 
application-dependent baseline?

(Image courtesy of Kristina Armstrong)

https://youtu.be/YqfQkQgkTQA


33

Low-carbon concrete pilots: role of clean energy

(https://www.mckinsey.com/industries/chemicals/our-
insights/laying-the-foundation-for-zero-carbon-cement)

(https://www.cement.org/sustainability/roadmap-to-carbon-neutrality)

Electrified cement production process
(e.g., with LC3, “electrification could eliminate 40–50% of the cement sector 
emissions”; see: https://www.aceee.org/blog-post/2023/06/electrification-
key-decarbonizing-concrete-us-investments-should-open-path)

https://www.mckinsey.com/industries/chemicals/our-insights/laying-the-foundation-for-zero-carbon-cement
https://www.mckinsey.com/industries/chemicals/our-insights/laying-the-foundation-for-zero-carbon-cement
https://www.cement.org/sustainability/roadmap-to-carbon-neutrality
https://www.aceee.org/blog-post/2023/06/electrification-key-decarbonizing-concrete-us-investments-should-open-path
https://www.aceee.org/blog-post/2023/06/electrification-key-decarbonizing-concrete-us-investments-should-open-path
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Low-carbon concrete pilots: LCA and beyond 

 A comprehensive LCA study helps identify 
hotspots, alternatives, and potential pathways 
to lower the final product’s impacts.

 Continuously updated LCA better informs the 
product’s scale-up and commercialization.
o throughout all RD&D stages; TRL-ARL-CRL
o lab  pilot  full commercial scale

 LCA of early-stage/emerging vs. established/mature technologies
o challenges: comparability, scaling, data, uncertainty
o solutions: Moni et al. (Table 2), van der Giesen et al., Blanco et al., etc. – no general standards or guidelines!

- Uncertainty analysis (quantification, propagation) using Bayesian inference and Monte Carlo simulations; global 
sensitivity analysis

 Beyond LCA: a broader, more holistic evaluation of emerging technologies
o Cost? Market(s) and time-to-market? Resource? Societal risks?
o How to quantitatively balance/optimize different impacts and risk factors? Where is the trade-off point?

(https://e3sa.sites.clemson.edu/Projects/LCA-TRL.html)

https://www.energy.gov/technologytransitions/adoption-readiness-levels-arl-complement-trl
https://doi.org/10.1111/jiec.12965
https://doi.org/10.1016/j.jclepro.2020.120904
https://doi.org/10.1016/j.jclepro.2020.120968
https://e3sa.sites.clemson.edu/Projects/LCA-TRL.html
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