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Abstract 
This study evaluates the large-scale environmental performance of an emerging half-warm mix asphalt (HWMA) 

technology that valorises solid waste streams from the construction and cement manufacturing industries. 

Reclaimed asphalt pavement (RAP), and locally available cement kiln bypass dust (CKBD) are incorporated into 

HWMA and compared with conventional hot mix asphalt (HMA). A prospective life cycle assessment (pLCA) is 

performed to assess the cradle-to-gate environmental performance of HWMA mixtures with 20% and 40% RAP, 

under upscaling scenarios, while considering varying CKBD contents (0.5%, 1.0%, 1.5%, and 2.0% by mass of 

the total mixture). The analysis includes alternative process energy pathways, transitioning from fossil fuel-based 

operation to alternative fuels (e.g., natural gas) and partial or full electrification. The study identifies key 

parameters influencing environmental performance and evaluates the competitiveness of HWMA relative to HMA. 

This pLCA provides early guidance on the future development of HWMA technology, supporting decisions on its 

upscaling and on the potential benefits of industrial residue valorisation. 

 

Introduction 

Asphalt concrete is one of the most widely used materials for road infrastructure. Still, conventional HMA relies 

on high production temperatures (150–180 °C) and large amounts of virgin materials, resulting in high energy use 

and greenhouse gas emissions (M. C. Rubio et al., 2012). Mitigation strategies include; warm mix technologies, 

high RAP contents, bio-based or modified binders, and optimised pavement structures (Abdalla et al., 2022; 

Aurangzeb et al., 2014; Norgbey et al., 2020; M. C. Rubio et al., 2012; Zaumanis & Mallick, 2015).  

This study is focused on two complementary strategies that have gained particular attention: (i) increasing 

the use of secondary materials and industrial by-products, and (ii) reducing production temperatures. RAP is the 

most common recycled material in asphalt mixtures and can significantly reduce life-cycle energy consumption, 

CO2 emissions and raw material demand when used at appropriate contents (Abdalla et al., 2022; Aurangzeb et 

al., 2014). CKBD, a by-product of cement manufacture, has also been proposed as a filler replacement, with studies 

reporting comparable or improved stability and stiffness while diverting a residue from disposal (Modarres et al., 

2015; Taha et al., 2002). Emerging approaches such as warm and half-warm mix asphalt (HWMA) technologies 

produce asphalt at reduced temperatures (80–100 °C), and have shown to lower both fuel use and associated 

emissions compared to HMA without compromising performance (Autelitano et al., 2021; Rubio et al., 2013). 

Previous experimental work demonstrated that HWMA mixtures incorporating RAP and CKBD can 

achieve satisfactory stability, though performance optimisation is still required (Pigiotis, 2025). Building on these 

findings, this study applies a pLCA to evaluate the environmental implications of large-scale HWMA deployment 

and to identify mixtures that balance mechanical performance and environmental benefits. 

 

Materials and Methods 

Goal and scope 

The goal of the study is to quantify the 

potential environmental benefits of 

upscaling HWMA technology with RAP 

and CKBD from lab-scale to large-scale 

application, in comparison with 

conventional HMA. The functional unit is 

defined as 1 m³ of asphalt mixture applied 

to road pavement. System boundaries are 

set to cradle-to-gate, including raw material 

extraction and processing, transport to the 

asphalt plant, asphalt production, and 

internal plant energy use (Figure 1). 

 

 

Figure 1: System boundary for asphalt production, with the 

foreground system highlighted in red. 
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Asphalt mixtures and scenarios 
HMA and HWMA mixtures are assessed with RAP contents of 20% and 40% by mass, and at CKBD dosages of 

0.5%, 1.0%, 1.5%, and 2.0% by mass of the total mixture to examine how different CKBD levels influence the 

overall environmental profile and mechanical performance of the mixes. Hydrated lime will be included in all 

mixtures as an additive to enhance durability and moisture resistance. 

 

Life cycle inventory and impact assessment 

Primary data were derived from on-site testing and direct measurements, while upscaled data for HWMA were 

obtained through modelling based on lab-scale data and expert input. Secondary data were taken from the 

ecoinvent v3.9.1 database using the cut-off approach. Environmental impact were performed using the ReCiPe 

2016 midpoint (H) method implemented in Activity Browser (version 2.8). 

To better link sustainability metrics with pavement performance, Marshall stability (kN), as a primary 

mechanical performance indicator, is integrated into combined indicators. Environmental performance is 

expressed as, for example, kg CO2-eq per m³·kN. These combined indicators allow assessment of how 

environmental performance scales with the structural performance of the mixtures.  

 

Results and Discussion 

At the time of abstract submission, laboratory-scale testing indicates that the HWMA mixtures incorporating RAP 

and CKBD do not yet achieve mechanical performance fully comparable to that of conventional HMA. 

Nevertheless, the HWMA mixes exhibited satisfactory stability and functional performance, demonstrating their 

potential as lower-temperature alternatives. The pLCA will build on these findings by evaluating the environmental 

influence of replacing HMA with HWMA at RAP contents of 20% and 40% and the influence of varying the 

CKBD dosage on the environmental performance. The pLCA will also examine the effects of reduced production 

temperatures, alternative heating sources (e.g. natural gas), and electrification scenarios on the environmental 

performance of HWMA.  

 

Conclusions 

This study applies a prospective LCA to explore the large-scale deployment of half-warm mix asphalt with RAP 

and CKBD. By combining environmental indicators with mechanical stability metrics, the work aims to support 

decision-making on the future role of HWMA technologies in decarbonising the road pavement sector and 

advancing circular use of construction materials. The results will provide insight into key design parameters, 

decarbonisation strategies, and trade-offs between environmental gains and mechanical performance across 

different asphalt production methods (e.g., HMA, HWMA, foamed asphalt), and technoloical scales. 
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