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AI-powered Steel Production

Source: Saarstahl AG

The steel industry is responsible for 
around 5% of CO2 emissions in the
EU and 7% globally

Manuel checksSteel scrap is often treated very poorly
today



Introduction & Motivation | Future

4/14/2025 3

An AI-powered holistic system for optimizing 
the usage of steel scrap in steel production

Source: https://www.pure-steel.com/power4steel/Source: https://www.pure-steel.com/power4steel/

AI-powered Steel Production
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▪ Complete steel scrap process
▪ Three main components
▪ Heterogeneous infrastructure
▪ Dataset and classification
▪ Prediction of the chemical 

content of the heat 
▪ Back-calculation

AI-powered process optimization from scrap input to the end of the converter process

AI-powered Steel Production
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▪ Collect images (drone & camera)
▪ Sort into classes
▪ Pre-processing
▪ Packaging
▪ Technical Validation

▪ Manual
▪ Neural Network

▪ Novel tiling approach
▪ One size fits all
▪ Semi-automatic labeling
▪ Turning one image into many

AI-powered Steel Production
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Examples of 
augmentations used
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XGBoost Algorithm for each tramp element

Prediction

Error analysis:
learns from errors

Error analysis:
learns from errors
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SHAP values (Shapley Additive exPlanations):
A game-theoretical approach to explain
model results for ML models 

Estimate

AI-powered Steel Production
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Results | Train Station 
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First freely available steel scrap dataset
Zenodo: https://doi.org/10.5281/ zenodo.8219163

AI-powered Steel Production



Results | Scrap Classification
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Overall classification accuracy of tiling approach: 
- 64.20 % (original SimCLR)
- 75.89 % (improved augmentations)
- 97.43 % (finetuned train station) 

AI-powered Steel Production
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• Development of the infrastructure and interfaces
• Created a standardized exchange format for steel producer and scrap dealer

Paper A:
• First freely available steel scrap dataset
• New tiling approach

Paper B:
• Scrap classification with SSL for input 

and usage control
• Improved SSL for intrinsically unordered 

stuff-objects

Paper C:
• Prediction of the chemical content 

(tramp elements) at the end of the BOF 
process

• Online models

Paper D:
• Novel framework for estimating the 

chemical content of the respective input 
material

AI-powered Steel Production



Future Work 
• Industry:

• Adaptation of the approaches to the EAF or processes such as secondary metallurgy

• Improving the traceability of scrap in the scrap yard

• Combination of the classification algorithms with other technologies such as Laser Induced 
Breakdown Spectroscopy

• Development of an architecture for regular automated retraining of online models

• Research
• Transfer of the developed SSL approach to new domains and tasks

• Use of SSL to analyze and detect surface defects in different materials
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MSE: Unit of Processes

AI-powered Steel Production
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