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Worldwide, annual pulp production exceeds 180 million tonnes, while paper and board output surpasses 400 
million tonnes. The manufacture of these products generates approximately 400 million wet tonnes of pulp and 
paper mill sludge (PPMS) each year, making it one of the major industrial waste streams. Waste quantities vary 
depending on the pulping technology and range from 60–100 kg per air-dried tonne of pulp, increasing to 200–
400 kg per tonne in facilities processing recycled feedstock, which underscores the need for efficient waste 
valorization strategies [1,2]. 
In response to this challenge, innovative approaches are required to convert paper industry residues into valuable 
energy products.  
In this study, the valorization of paper mill sludge through blending with rapeseed cake as an agricultural residue 
is proposed. The prepared mixtures were subjected to co-pyrolysis to evaluate their thermochemical conversion 
behavior and energy recovery potential. Thermogravimetric evolved gas analysis (TG–EGA) coupled with gas 
chromatography–mass spectrometry (GC–MS) was employed to investigate mass loss characteristics and to 
identify gaseous products released during thermal decomposition. 
Co-pyrolysis of paper mill sludge/rapeseed cake blends at ratios of 90:10, 70:30, and 50:50 was performed at a 
heating rate of 10 K.min⁻¹ under a nitrogen atmosphere. The reaction stages, onset and final decomposition 
temperatures, and gaseous products were analyzed and compared with those obtained during the pyrolysis of the 
individual components. Synergistic interactions between the feedstocks were observed, leading to improved 
thermal conversion performance and enhanced energy recovery potential.  
The results demonstrate that co-pyrolysis represents a promising pathway for the sustainable management and 
energy valorization of paper industry waste within a circular economy framework. 
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