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Over the past decades, increasing industrialization has led to higher consumption of raw materials and 

atmospheric emissions, increasing the need for more sustainable production systems based on circular 

economy principles. The road infrastructure sector represents an important player in this transition, as 

pavement construction and maintenance require large quantities of raw materials and energy and are 

associated with significant environmental impacts. In this context, increasing the incorporation of 

recycled materials into asphalt pavements, including Reclaimed Asphalt Pavement (RAP) and recycled 

plastics, represents some of the key strategies for improving resource efficiency and reducing 

environmental impacts. In particular, the use of RAP allows both aggregates and the aged bitumen to be 

recovered, reducing the demand for fresh bitumen and raw aggregates. However, the incorporation of 

high RAP contents can affect the performance of asphalt mixtures due to the presence of aged binder. 

The use of rejuvenating additives is therefore crucial to restore the chemical characteristics of the aged 

binder. At the same time, the development of innovative polymeric compounds, partially or entirely 

produced from selected and recycled hard plastics, can enhance the performance of asphalt materials 

and extend the pavement service life, thereby reducing the frequency of maintenance interventions. This 

study presents a field implementation of these two technologies through a 2-km-long trial section 

constructed on the A4 Turin-Milan motorway in 2022. The binder and base layers of the pavement slow 

lane were produced using asphalt mixtures containing 67% RAP, a graphene-enhanced polymeric 

compound (GPC), and a bio-based rejuvenator. The wearing course, instead, consisted of a porous 

asphalt mixture incorporating SBS polymer-modified bitumen (PmB). During construction, material 

samples were collected as part of the quality control activities performed by the road authority. 

Laboratory testing was conducted to assess the volumetric properties and mechanical performance of 

GPC mixtures. In parallel, the road authority conducted extensive field monitoring to assess the in-

service performance of the trial section over time and compare it with adjacent pavement sections 

constructed using conventional PmB. Moreover, a cradle-to-grave Life Cycle Assessment (LCA) was 

conducted in collaboration with the University of Bologna, comparing the GPC pavement with a 

pavement incorporating PmB. The results showed that the combination of high RAP contents and high-

performance materials (up to +75% estimated service-life extension) can reduce CO₂-eq emissions by 

38.5%, energy consumption by 30%, fresh bitumen and raw aggregates consumption by 38% and 40% 

respectively, while enabling the recycling of large quantities of waste plastics. Following the positive 

results obtained from monitoring phase, the road operator decided to extend the application of the 

technology to the entire slow lane of the motorway, approximately 125 km in each direction. 
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