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Context
Assessing the sustainability of emerging chemicals/materials requires shifting the focus toward a higher TRL by building an industrial-scale Life Cycle
Inventory (LCI). However, for novel substances, environmental data are limited and often non-representative of industrial conditions. Having a proper
upscaled LCI will enable accurate calculation of future impacts through Prospective Life Cycle Assessment (pLCA)

Goal and Scope
Definition

Step-by-step generalized upscaling procedure

Guideline from lab protocol to industrial flowsheet1
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Life Cycle 
Inventory (LCI)

Life Cycle Impact 
Assessment 

(LCIA)

Input / output data

Scenario 
projections (IAM)

Future development 
(SSPs)

Energy & material flows at industrial level

The lack of a generalized approach to translate laboratory data into realistic industrial inventories within pLCA leads to limited comparability and a resource-
and time-intensive implementation. This work develops a generalized guideline helping translate lab-protocols into industrial flowsheets and a step-by-step
upscaling and calculation tool to support early-stage assessments under the Safe and Sustainable by Design (SSbD) framework.

Production energy (MJ/m3) Deviation
Lab-Scale   Industrial benchmark 204532 +2414%

Upscaling methodology    Industrial benchmark 12209 +50%

Industrial benchmark 8139 -
Comparison of production energy of an aerogel: lab scale vs industrial benchmark. Dowson et al. 2012

Prepare foundation for data-driven prediction, enabling a guided upscaling and energy calculation for automated LCI generation

General process energy calculations 𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯 − 𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕
Q = U · A · ∆𝑇𝑇𝑙𝑙𝑙𝑙

𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴

𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =
𝑁𝑁𝑝𝑝 · 𝜌𝜌𝑚𝑚𝑚𝑚𝑚𝑚 · 𝑁𝑁3 · 𝑑𝑑5 · 𝑡𝑡

𝜂𝜂𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷

𝐸𝐸𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 =
𝑚𝑚 · 𝑔𝑔 · ∆ℎ
𝜂𝜂𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪
Q = m · 𝐶𝐶𝑝𝑝 · ∆𝑇𝑇 + 𝑚𝑚 · ∆𝐻𝐻𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
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Biological and Hydrodynamic 
Sensitivities:

• Constant kLa for constant O2 rate
• Constant tip speed for shear-

sensitive systems
• Constant mixing time for 

environmental homogeneity

Additional technologies for improving 
industrial process efficiency

• Waste-heat boiler
• Heat pumps
• Fluids for process cooling
• Compressed air
• Cooling air
• Solvent/catalyst recovery system

Purity, Control, and Facility 
Energy Demand:

• Energy input for HVAC and clean 
utilities

• Crystallization and drying 
processes

• Formulation and API production

Upscaling from lab to industry: 
Forecasting Industrial-Scale Environmental 

Impacts from Laboratory Data

Ready energy calculation and upscaling tool

Laboratory
Synthesis

0. TEXT PARSING

ManualAI

1. TEXT TO PHENOMENA
“add” ; 
“stir” 
“cool”

PHENOMENA 
•Mixing 
•Phase contact
•Phase transition
•Phase change
•Phase separation
•Energy transfer
•Stream diving

2. PHENOMENA TO TASK (operation unit)

mixing
energy transfer
phase change

3. TASKS NETWORK (process flowchart)

reagent A
reagent B

heat

4. APPLY HEURISTIC RULES

5. GANTT TIMETABLE

6. ENERGY RECOVERY & 
OPTIMIZED SCALE UP

Combine compatible heating steps
Phase separation after formation
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