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Using Machine Learning in Carbon Footprint Prediction
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Environmental footprint reporting and 
sustainable design requires tracing 
inputs across complex supply chains. 

Currently, a lack of data hampers accurate 
calculations:
 Most emissions databases cover only 

a small fraction of known materials.
 Proprietary processes and inputs 

restrict data availability.

Recasting footprint calculation as a deep learning 
problem enables accurate, scalable, and privacy-
preserving predictions.



Aggregate the models , not 
the data from different 
clients

Add a little noise to the model 
updates to hide the 
true updates in the FL 
framework

Differentially Private Federated Learning (DPFL) Framework 

Federated learning 

Differential privacy



Experimental Results
 Data source: Real-world processes from TianGong (10k+ LCA unit processes).

 Emission factors: Matched with OpenLCA Nexus database (kg CO₂ eq/unit).

 Filtering: Kept 508 processes with full material–factor alignment (97 materials total).

 Label computation: Total footprint = Σ(input × emission factors)

 Split: 80% training (3 clients), 20% testing.

At ε = 15, DPFL predicts footprints within 5% of the non-private baseline,
striking a strong balance between privacy and accuracy.
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Together, we can enable
collaborative sustainability.
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