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Prospective Life Cycle Assessment (pLCA) plays a crucial role in evaluating emerging technologies from the
early stages of development. A major challenge is the absence of generalized approaches for translating
laboratory-scale information into industrial-scale inventories. Existing scaling methods, engineering
approximations, simulations, and empirical relations, have been applied in isolated studies but lack a unified,
generally applicable structure. Laboratory data typically shows inflated electricity demand, excess solvent use,
limited separation performance, and batch-related losses, producing non-linear deviations when extrapolated to
industrial conditions.

This study develops a systematic framework for scaling production steps within pLCA. We combine a
structured review of upscaling approaches with an assessment of the physical and operational mechanisms
driving scale-dependent changes. A critical-point analysis identifies the flows most affected by scale, including
energy use, solvent and reagent consumption, waste generation, and infrastructure effects, clarifying which
parameters require adjustment.

A general upscaling strategy is introduced based on dominant unit operations such as heating, cooling, drying,
and solvent recovery, supported by a calculation tool that derives energy and fuel demand from low-TRL data
and enables scenario building. Minimum data requirements (stoichiometry, yields, solvent and reagent flows,
thermal loads, waste streams) provide a consistent basis for extrapolation.

Sector-specific mechanisms in petrochemical, biochemical and pharmaceutical systems are incorporated,
accounting for thermodynamic integration, mass-transfer limitations, bioreactor behavior, high-purity separation
and utility-intensive operations.

The resulting framework offers a transparent and reproducible pathway to construct industrial-scale inventories
when only early-stage information is available, improving robustness, comparability and interpretability in pLCA.

Acknowledgements: These activities are based on fundings from the Swiss State Secretariat for Education, Research & Innovation (SERI),
and the European Commission for the Horizon Europe projects PINK (GA n® 101137809) and MELOMANES (GA n°® 101073025).

References:

F. Piccinno, R. Hischier, S. Seeger, and C. Som, “From laboratory to industrial scale: a scale-up framework for chemical processes in life
cycle assessment studies,” J. Clean. Prod., vol. 135, pp. 1085—-1097, 2016, doi: 10.1016/j.jclepro.2016.06.164

F. Piccinno, R. Hischier, S. Seeger, and C. Som, “Predicting the environmental impact of a future nanocellulose production at industrial
scale: Application of the life cycle assessment scale-up framework,” J. Clean. Prod., vol. 174, pp. 283-295, Feb. 2018, doi:
10.1016/j.jclepro.2017.10.226.

M. Erakca, M. Baumann, C. Helbig, and M. Weil, “Systematic review of scale-up methods for prospective life cycle assessment of emerging
technologies,” J. Clean. Prod., vol. 451, no. October 2023, p. 142161, 2024, doi: 10.1016/j.jclepro.2024.142161.




