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Designing high-performance asphalt mixtures can significantly extend pavement service life, delivering 
both environmental and economic benefits. To enhance asphalt performance, various modification 
strategies have been developed, most of which involve the addition of specific compounds to bitumen, 
the organic binder that largely determines asphalt behavior. Additives can markedly improve the 
rheological properties of bitumen, even at low concentrations, owing to characteristics such as high 
surface-to-volume ratio and tunable chemical composition. In line with growing sustainability demands, 
increasing attention has been devoted to renewable materials, including bio-modifiers, bio-fillers, bio-
rejuvenators, and bio-adhesion promoters. 
A complementary strategy to improve sustainability in the road sector is the recovery and reuse of aged 
asphalt. During production and service life, bitumen undergoes aging due to the loss of volatile 
compounds and exposure to ultraviolet radiation, moisture, and oxidation, leading to increased stiffness, 
brittleness, and cracking susceptibility. Rather than being discarded, aged asphalt can be recycled 
through the addition of specific agents capable of restoring its original properties. These additives, 
known as rejuvenators, reduce the viscosity of aged bitumen and may promote structural reorganization, 
partially recovering its original intermolecular arrangement. Depending on their origin, rejuvenators can 
be classified as petroleum-based, coal tar-based, or bio-based. 
Within both asphalt modification and rejuvenation approaches, pyrolysis-derived products have recently 
attracted considerable interest. Biochar and biooils can play distinct and valuable roles in bitumen 
formulations. Building on the expertise developed within the RESCA project, where CNR-STEMS 
focused on the production and characterization of pyrolysis-derived solid and liquid products, this work 
provides an overview of pyrolysis technologies and the properties of products obtained from a wide 
range of waste streams, including municipal, industrial, agricultural, and aquacultural residues [1-3]. 
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