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Methodology

Challenges & Approach

Challenge:

Every 1% yield loss increases energy and

CO, footprint

Dataset:
3,500+ heats

Baseline:

Thermodynamics-based corrected yield
(accounts for FeO losses, slag chemistry,

hot heel)

Hybrid Al:

Combines metallurgical rules +
ML-driven pattern recognition

£ INPUTDATA
ACQUISITION

+ SOURCE SYSTEMS

» LIMS: Fe, Ca0, SiO,, MgO, M.Fe

» EAF PLC: Power, charge/tap weight
» Electrode: Current, voltage, kWh/tls
» Tags: Slag, hot heel, temperature

UNIFIED D
Multi-Source Heat-Level Data

FEATURE
ENGINEERING

+ CORE FEATURES

» Hot Heel Index: Campaign logic

» Yield Baseline: Fe input, FeO correction
+ DERIVED KPIS

» Slag basicity (B, = %Ca0/%SI0,)

» Feloss (FeO x 0.777 x slag wt)

» 0,/C balance, energy density

OUTPUT

Physics-Informed Features

BLEND
OPTIMISATION

1 Yield 1 Energy
1 Oxygen 1 FeO Loss

L TIT Multi-KPI

Optimal blend ratios (HDRI, CDRI, HBI, Scrap, Pig Iron)

Quantified gain per parameter set

QUTPUT

Prescriptive Recommendations

5 DATA

PREPROCESSING

Synchronization: Heat# + Timestamp
Normalization: Unit standardization
Cleansing: Outliers, duplicates, nulls
Validation: Quality checks & flags
Consolidation: Master table creation

OUTPUT
AI-Ready Clean Dataset

4 ML PREDICTIVE
MODELLING

» Explainable hybrid ensemble (>3,000 heats)

» Cold Trials: Offline validation

Hot Trials: Real-time testing

OUTPUT

Confidence-Bound Predictions

REAL-TIME
DEPLOYMENT

MES/PLC dashboard live monitoring
Continuous model retraining (drift detection)

Top 5 influence parameters per heat

Blend recommendations
Next heat yield prediction

Energy & O, impact visualization

GOVERNANCE

Versioned e Audited e Rollback-Safe

# TVARIT®

LIQUID METAL YIELD CALCULATION FRAMEWORK

PROCESS FLOW FOR METALLURGICAL OPERATIONS

o INPUT MATERIALS ° CALCULATE TOTAL CaO ° CALCULATE SLAG WEIGHT

© Raw Materials 1l Process Step = Metallurgical
Source materials for metallurgical process: ° Caleulate total calcium oxide from all sources: o Determine total slag mass using Ca0 dilution:
ED & © @D Fotal Ca0 = T (Haterial Weight x [ Slag Naight = Toral Cao = J
%Ca0 Conten %Ca0 in sla
Pig ron Lims ) ( Dolomite S EEEd) =
——
— 50% COMPLETE

° CALCULATE Fe LOSSES 5

£ Metallurgical

© Process Step

Determine iran lost to slag during processing: o Factor in retained liquid metal between heats:

Fe lost
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Fe0 x 0.777

to slag = Slag Weight x

° FINAL YIELD CALCULATION

|

IM Yield (%) = [(Total Fe Input - Fe lost - Hot Heel)
= Tap Weight] x 100 )
Targot yiold range. 62.85% depending on process & matersis
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Key Findings & Results # TVARIT®
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Impact & Implementation

Key Performance

Improvements

Yield Gain:

+0.5-1.0%

5-10 kg less Fe loss per ton of
liquid steel

Energy Savings:
15-25kWh/tls

Significant reduction in specific
energy consumption

Optimal Operating
Ranges:

» 0,:26-33 Nm3/T
» C:10-14 kg/T

» HDRI M.Fe > 84%, Gangue < 7%

Raw Material Blend Configuration

55% 10% 15%

@ HDRI @ CDRI @ HBI |r @ scrap

HDRI (30-80%) 55%

CDRI (12-43%) 10%

HBI (0-13%) 15%

Pl (0-42%) 5%
G
Scrap (0-25%) 15%

‘+ Suggest Optimal Blend

Auto-normalized to 100% | Total: 100%

Process KPlIs
Yield Performance

82.29%

Target: 82—86%

Specific Energy

532.9 kWh/t

Target: 450-500

Estimated Savings CO, Impact

€36/ton { 8% Reduction
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# TVARIT®

Al Optimization Engine
Multi-Objective Constraint-Based

(0 8,000 iterations Monte Carlo sampling with constraint enforcement
@ Constraint-based sampling ensuring all blends within operational limits

il Multi-objective optimization with weighted scoring:

) M Fe (%) HDRI T Gangue (%)  Hot DRI (%)
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