
Bioresource Technology 380 (2023) 129061

Available online 17 April 2023
0960-8524/© 2023 Elsevier Ltd. All rights reserved.

Review 

Progress in thermochemical co-processing of biomass and sludge for 
sustainable energy, value-added products and circular economy 

Yi Herng Chan a,*, Serene Sow Mun Lock b, Bridgid Lai Fui Chin c,d, Mee Kee Wong a, 
Adrian Chun Minh Loy e, Shin Ying Foong f, Chung Loong Yiin h,i, Su Shiung Lam f,g 

a PETRONAS Research Sdn. Bhd. (PRSB), Lot 3288 & 3289, Off Jalan Ayer Itam, Kawasan Institusi Bangi, 43000 Kajang, Selangor, Malaysia 
b CO2 Research Center (CO2RES), Department of Chemical Engineering, Universiti Teknologi PETRONAS, 32610 Seri Iskandar, Malaysia 
c Department of Chemical and Energy Engineering, Faculty of Engineering and Science, Curtin University Malaysia, CDT 250, 98009 Miri, Sarawak, Malaysia 
d Energy and Environment Research Cluster, Faculty of Engineering and Science, Curtin University Malaysia, CDT 250, 98009 Miri, Sarawak, Malaysia 
e Chemical Engineering Department, Monash University, 3180 Victoria, Australia 
f Higher Institution Centre of Excellence (HICoE), Institute of Tropical Aquaculture and Fisheries (AKUATROP), Universiti Malaysia Terengganu, 21030 Kuala Nerus, 
Terengganu, Malaysia 
g Center for Transdisciplinary Research, Saveetha Institute of Medical and Technical Sciences, Saveetha University, Chennai, India 
h Department of Chemical Engineering and Energy Sustainability, Faculty of Engineering, Universiti Malaysia Sarawak (UNIMAS), 94300 Kota Samarahan, Sarawak, 
Malaysia 
i Institute of Sustainable and Renewable Energy (ISuRE), Universiti Malaysia Sarawak (UNIMAS), 94300 Kota Samarahan, Sarawak, Malaysia   

H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• Various biomass-sludge thermochemical 
co-conversion techniques are reviewed. 

• Co-processing of biomass and sludge has 
promoted the synergistic effects. 

• The synergistic effects have improved 
the performance/efficiency of the 
process. 

• Products from co-processing are of su-
perior qualities and characteristics. 

• The products can be upgraded for many 
applications in line with circular 
economy.  
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A B S T R A C T   

To achieve the main goal of net zero carbon emission, the shift from conventional fossil-based energy/products to 
renewable and low carbon-based energy/products is necessary. Biomass has been perceived as a carbon–neutral 
source from which energy and value-added products can be derived, while sludge is a slurry waste that inher-
ently contains high amount of minerals and organic matters. Hence, thermochemical co-processing of biomass 
wastes and sludge could create positive synergistic effects, resulting in enhanced performance of the process 
(higher conversion or yield) and improved qualities or characteristics of the products as compared to that of 
mono-processing. This review presents the current progress and development for various thermochemical 
techniques of biomass-sludge co-conversion to energy and high-value products, and the potential applications of 
these products from circular economy’s point of view. Also, these technologies are discussed from economic and 
environmental standpoints, and the outlook towards technology maturation and successful commercialization is 
laid out.  
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