Highlights
· Multi-component kinetic model validated within ±2.2 pp across 300–700 °C
· Monte Carlo (N=5,000) identifies lignin as dominant yield uncertainty driver
· Optimal conditions: 393 °C, 50.5 min (PKS)/57.0 min (EFB) at FC ≥ 60%
· Mill-scale pyrolysis yields 5,567 t/yr biochar and 31,854 t CO₂e climate benefit
· Net revenues USD 677K–3.3M/yr; profitable across all biochar price scenarios
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