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 This research explores asphalt recycling as a sustainable 

solution for road construction and maintenance and for 

reducing environmental impacts. With the increasing 

demand for transportation infrastructure and environmental 

concerns, asphalt recycling has emerged as an effective 

method for reducing the consumption of natural resources 

and minimizing waste. This study examines various asphalt 

recycling processes, including cold and hot recycling, and 

analyzes their impacts on road quality and cost savings. 

Additionally, the existing challenges in this field, such as the 

quality of recycled materials, process costs, and the need for 

workforce training, are discussed. The results indicate that 

by using modern technologies and appropriate standards, it 

is possible to improve road performance while reducing 

negative environmental effects. Ultimately, considering the 

existing challenges and future opportunities, asphalt 

recycling can serve as a key strategy for sustainable 

transportation infrastructure development and 

environmental protection. This approach not only aids in 

improving road quality but also brings us closer to achieving 

sustainable development goals. 

 

 

 

 

 

 

 

Copyright: © 2025 by the author(s).  

This article is an open-access article distributed under the terms and Conditions of the Creative Commons Attribution (CC BY 4.0) license. 

 

International Journal of Modern Achievement in Science, Engineering and Technology (IJSET) 
ISSN 3023-459X 

DOI: 10.63053/ijset.118 
 



International Journal of Modern Achievement in Science, Engineering and Technology (IJSET)2(4): 110-118, 2025 

111 

 

Introduction 

Given the ever-increasing population and the growing need for transportation infrastructure, the 

construction and maintenance of roads have become one of the fundamental challenges in urban 

and civil management. Asphalt, as one of the primary materials used in road construction, plays 

a key role in this process due to its technical and economic characteristics [1]. However, the 

extensive use of asphalt, along with its extraction and production, has significant environmental 

impacts, including the depletion of natural resources, air pollution, and the generation of 

construction waste. In this regard, asphalt recycling has been considered a sustainable and 

effective solution to reduce these impacts. The process of asphalt recycling not only helps 

preserve natural resources but also reduces the costs associated with road construction and 

maintenance. By reusing asphalt materials, it is possible to achieve a reduction in waste and 

energy consumption in the production of new asphalt [2]. According to previous research, over 

90% of the 5.2 million kilometers of asphalt roads and highways in Europe have asphalt surface 

coverage. Additionally, about 44% of goods in EU member countries are transported by roads, 

making the condition of roads a crucial factor for economic transit. 

The construction of new roads has multiple environmental applications, including the substantial 

consumption of materials and energy. Moreover, the price of crude oil, the primary source of 

bitumen, has increased significantly in recent years. This factor has led to a rise in the final price 

of asphalt mixtures. To enhance sustainable practices and mitigate rising costs, comprehensive 

assessments must be conducted. Developing new materials and technologies to integrate greener 

materials, recycled materials, and waste materials into the asphalt production cycle is a solution 

that increases the stability and cost-effectiveness of the asphalt paving industry. Notably, the use 

of pavements made with modified asphalt in the production of asphalt mixtures is on the rise, 

and another significant trend is the ongoing development and advancement of warm mix asphalt 

technology and the addition of bio-based materials for manufacturing the materials needed for 

road construction [3-5]. The main concept presented in this research is the use of a new bio-based 

pavement that substitutes greener materials for asphalt mixtures, as well as modified asphalt 

(pavement made with modified asphalt), construction and demolition waste (construction and 

demolition waste), lignin (a waste product from the second generation of bioethanol production), 

and oil derived from bio-based fibers . 

This research discusses a new concept for asphalt structures with environmental viability features 

that have a long-term performance compared to older pavement layers. In this study, two main 

components in asphalt mixtures—mineral bitumen and compact materials—are emphasized. 

Regarding mineral bitumens, two methods for "greening" the volume of fibrous materials have 

been examined. In the first method, environmentally friendly mineral bitumens are considered, 

which are partially made from petrochemical fibers that replace bio-based products. In the second 

method, specific industrial wastes are used to replace the polymer derived from crude oil in 

modified bitumens. Moreover, two different methods have been explored concerning compact 

materials: using high-traffic pavements in hot asphalt mixtures due to the addition of biological 

materials that perform well at lower temperatures, and utilizing construction and demolition 

waste, where an optimal combination of construction and demolition waste is used as raw 

materials through a selected process to decompose construction and demolition waste to enhance 

the final quality of recycled materials. This paper examines various methods of asphalt recycling 

and their impacts on the environment and economy. It will also propose solutions for improving 

the recycling process and encouraging its use in construction projects. The ultimate goal of this 

research is to identify best practices for achieving sustainable road construction and maintenance 

while reducing the negative environmental effects caused by construction activities. 
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1. Research Methodology 

In this research, the aim is to examine asphalt recycling methods and their impact on the 

sustainability of road construction and maintenance, as well as the reduction of environmental 

impacts. With the increasing costs of road construction and maintenance and environmental 

concerns, the use of recycled materials is proposed as a sustainable solution. This research is 

descriptive-analytical in nature, focusing on the analysis of existing data related to asphalt 

recycling and its effects. 

 

2. Asphalt Recycling 

1-3- Methods of Asphalt Recycling 

Asphalt recycling is carried out using several different methods, each with its own characteristics and 

advantages [6]. Below is an overview of these methods: 

 
Table 1: Various Methods of Asphalt Recycling 

Types of Asphalt 

Recycling 
Description Advantages Disadvantages 

Hot Recycling 

In this method, old asphalt is softened by 

heating to high temperatures (usually 

between 120 to 160 degrees Celsius) 

and then mixed with new materials. 

This process ensures that the physical 

and chemical properties of the asphalt 

are preserved, resulting in a high-

quality recycled product. 

• High quality of 

recycled asphalt 

• Ability to use 

additives to 

enhance 

properties 

• High energy 

consumption due 

to heating needs 

• Higher equipment 

costs 

Cold Recycling 

In this method, old asphalt is rendered 

usable without the need for heating, 

usually with the use of chemicals or 

additives. This process is typically 

applied in large projects where cost 

reduction is necessary. 

• Reduced energy 

consumption 

• Lower cost 

compared to hot 

recycling 

• Quality may not 

be as high as the 

hot method 

• Requires more 

time to dry and 

harden 

Advanced Technology 

Innovative technologies, such as the use of 

advanced mixers and nanotechnology 

techniques, are also employed in 

asphalt recycling. These methods can 

help improve the quality and 

durability of recycled asphalt. 

• Increased quality 

and durability of 

asphalt 

• Reduced 

negative 

environmental 

impacts 

• High initial 

investment 

required 

• Complexity in the 

production 

process 

 

2-3- Asphalt Recycling Process 

The asphalt recycling process consists of several main stages aimed at reusing old asphalt and 

reducing environmental impacts. Initially, old asphalt is removed from roads or other structures, 

typically using specialized machinery such as milling machines. After collection, the removed 

asphalt is transported to a recycling plant, where it is crushed and divided into smaller pieces 

[7,8]. Waste materials like aggregates may also be separated from it  . 

In the next stage, the crushed asphalt is heated to soften the bitumen present, allowing it to mix 

with other materials. This heating is usually done in specialized ovens or heating devices. Then, 

the heated asphalt is combined with new materials such as fresh bitumen and new aggregates. 
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This mixing must be done carefully to ensure the quality of the recycled asphalt is maintained. 

 

 
Figure 1: Stages of Asphalt Recycling and Rejuvenation 

 

Before using recycled asphalt, samples must be tested to ensure they meet required standards. 

These tests include examining the mechanical and chemical properties of the asphalt. Once 

quality is confirmed, the recycled asphalt is ready for reuse in construction and road projects and 

can be applied in sub-layers or surface layers of roads, parking lots, and other construction 

structures [9,10]. Finally, any waste or by-products generated during the recycling process must 

be properly managed to prevent environmental degradation. This process not only helps conserve 

natural resources but also leads to cost savings and environmental protection. The main stages 

of this process are outlined in Table 2 : 

 
Table 2: Asphalt Recycling Process 

Collection and Removal of Old Asphalt 

In this stage, old asphalt is removed from roads or other structures. This is typically done using 

specialized machinery, such as milling machines, which take off the surface layers of asphalt . 

Crushing and Separation 

After collection, the removed asphalt is transported to the recycling plant. Here, the old asphalt is crushed 

and divided into smaller pieces. Waste materials, such as aggregates or other debris, may also be 

separated from it . 

Heating 

The crushed asphalt usually needs to be heated to soften the bitumen so that it can be mixed with other 

materials. This step is typically performed in specialized ovens or heating devices . 

Combination with New Materials 

The heated asphalt is combined with new materials like fresh bitumen and new aggregates. This mixing 

must be done carefully to maintain the quality of the recycled asphalt . 

Testing and Quality Control 

Before the recycled asphalt can be used, samples must be tested to ensure they meet the required 

standards. These tests include examining the mechanical and chemical properties of the asphalt . 

Reuse 

Once quality is confirmed, the recycled asphalt is ready for reuse in construction and road projects. This 

asphalt can be applied in the sub-layers or surface layers of roads, parking lots, and other 

construction structures . 

Management of By-product Waste 

Finally, any waste or by-products generated during the recycling process must be properly managed to 

prevent environmental damage . 

 

This process not only contributes to saving natural resources but also leads to cost reductions and 

environmental preservation. 
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3-3- Environmental Impacts of Asphalt Recycling 

Asphalt recycling has various environmental impacts that can be both positive and negative. 

Among the positive effects is the reduction of construction waste, which helps decrease the 

volume of waste generated in construction projects and reduces the need for landfill disposal 

[11]. Additionally, asphalt recycling leads to the conservation of natural resources by reusing old 

asphalt, thus decreasing the need for extracting new raw materials like aggregates and bitumen. 

This contributes to the preservation of natural resources and lessens pressure on the environment. 

Furthermore, asphalt recycling helps reduce greenhouse gas emissions. The production of new 

asphalt typically results in higher greenhouse gas emissions, but recycling mitigates this and aids 

in combating climate change. Also, the recycling process usually consumes less energy than 

producing new asphalt, which reduces fossil fuel consumption and, consequently, air pollution. 

By reducing the need for extraction and processing of raw materials, pollution from mining and 

industrial activities is also diminished, leading to improved air quality  . 

However, asphalt recycling also has negative impacts. Some recycling processes may result in 

the release of pollutants such as particulate matter, hydrocarbons, and volatile organic 

compounds (VOCs), which can lead to respiratory issues and other health problems [12]. 

Additionally, although recycling generally requires less energy than new production, it still needs 

energy, which may come from unsustainable sources. The impact on ecosystems is another 

negative aspect; extracting old asphalt from roads or other areas may lead to the destruction of 

natural habitats and damage to ecosystems. Moreover, the recycling process may generate by-

products that need proper management to prevent environmental harm  . 

Ultimately, despite the significant benefits of asphalt recycling, it is essential that efforts to 

improve recycling methods and reduce negative impacts continue. The use of modern 

technologies and supportive policies can help enhance efficiency and mitigate the adverse effects 

of asphalt recycling . 
 

Table 3: Environmental Impacts of Asphalt Recycling 

Impacts Description 
Solutions to Improve the Asphalt 

Recycling Process 

Positive Impacts 

Reduction of Construction Waste: 

The reuse of old asphalt 

decreases the amount of waste 

produced. Research and Development: 

Investing in R&D to find new 

and more efficient recycling 

methods. 

Training and Awareness: 

Increasing public awareness 

and educating engineers and 

contractors about the benefits 

of asphalt recycling. 

Development of Supportive 

Policies: Creating laws and 

government policies that 

encourage the use of recycled 

asphalt 

Conservation of Natural Resources: 

Recycling asphalt reduces the 

need for extracting new 

materials 

Reduction of Greenhouse Gas 

Emissions: The process of 

producing new asphalt typically 

results in higher greenhouse gas 

emissions, which is reduced 

through recycling. 

Negative Impacts 

Air Pollution: Some recycling 

processes can lead to the release 

of pollutants 

Energy Consumption: Although 

recycling generally consumes 

less energy than new 
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production, it still requires 

energy 

 

Asphalt recycling is an effective solution for reducing the negative environmental impacts 

associated with road construction and maintenance. Given the economic and environmental 

benefits of this process, it is essential to focus more attention on the development and 

improvement of asphalt recycling methods [13]. By adopting sustainable approaches to resource 

management, we can achieve sustainable development goals in transportation and civil 

engineering . 

Considering the final structure of roads, the introduced concept of environmentally friendly 

asphalt pavements can be summarized as follows : 

• In the surface layers, this introduces modified green bitumen produced from bioethanol 

derived from waste as a substitute for traditional polymer-modifying additives. 

• In the fibrous and base materials, bio-based materials allow for a higher percentage of 

modified asphalt to be combined. 

• The lower layers (sub-layers and lower surface layers) mainly consist of materials 

obtained from construction and demolition waste. 

 

4-3- Use of Construction and Demolition Waste in Road Construction 

The composition of construction and demolition waste indicates that to obtain reusable recycled 

materials for construction, several substances must be sorted, including colored materials, 

gypsum, and non-construction stone materials  . 

In the real market, there is no suitable concept for advanced and complete recycling of raw (rock) 

materials from construction and demolition waste for the use of recycled concrete materials; 

therefore, an advanced concept called "stone recycling" has been introduced. This concept 

provides a flexible solution to relatively complex questions about how to obtain dense materials 

from raw construction and demolition waste. The concept of stone recycling is derived from two 

main sections that can be used separately or in a line depending on the outcomes and desired 

product quality. To obtain quality dense materials, a complete processing concept is required 

[14]. 

The processing concept encompasses very well-known stages of recycling in the construction 

and demolition waste industry, including primary crushing and shredding, air classification, and 

sorting of ferrous/non-ferrous components. Another concept presented alongside the stone 

processing concept relates to the purification of materials concerning the presence of unexpected 

substances like gypsum, using infrared technology, and the separation of ferrous materials from 

concrete using color-based sorting equipment [15].  

Ultimately, the pure dense concrete materials obtained through the processing concept are broken 

down to suitable sizes using crushing and shredding processes. These obtained materials are of 

high quality and can be used in both limited and unlimited applications in road structures [16]. 

In the study conducted on recycled dense materials from construction and demolition waste for 

road applications, two different uses have been evaluated: construction and demolition waste for 

asphalt mix and construction waste for applications in sub-base and base layers. Various tests are 

conducted to determine whether construction and demolition waste can be used as a substitute 

material in subsurface soil applications. 

 

3. Challenges and Barriers 

Recycling old asphalt, as an important process in waste management and natural resource 
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conservation, faces multiple challenges and barriers. One such challenge is the quality of 

recycled materials; old asphalt may not have suitable quality, and the presence of contaminants 

or undesirable compounds can affect the quality of the recycled asphalt [17]. Additionally, the 

high costs associated with the recycling process—such as collection, transportation, and 

processing of old asphalt—can exceed those of producing new asphalt . 

Lack of awareness and training is another barrier; many contractors and workers may not have 

sufficient knowledge about recycling processes, leading to suboptimal use of recycled materials. 

Furthermore, existing technological limitations for asphalt recycling may be insufficient and 

require improvement. Regulations and standards can also be complex and difficult to navigate, 

sometimes hindering the implementation of recycling projects. Concerns regarding 

environmental impacts from recycling processes, such as greenhouse gas emissions or soil and 

water pollution, can affect the development of these processes [18,19]. In some cases, the demand 

for new asphalt may surpass that for recycled asphalt, which can reduce the economic incentives 

for recycling. Finally, differences in the chemical composition of old asphalt compared to newer 

types may necessitate changes in the production process  . 

Thus, recycling old asphalt, as a crucial process in waste management and conservation of natural 

resources, faces numerous challenges and barriers [20]. Some of these challenges are 

summarized in Table 4, and in light of these challenges, there is a noticeable need for the 

development of innovative solutions and improvements in asphalt recycling processes to fully 

leverage its benefits . 
Table 4: Challenges and Barriers in the Asphalt Process 

Challenge Description 

Quality of Recycled Materials 

Old asphalt may lack suitable quality, and the presence 

of contaminants or undesirable compounds can 

affect the quality of recycled asphalt. 

High Recycling Costs 

Costs related to the collection, transportation, and 

processing of old asphalt can exceed those of 

producing new asphalt. 

Lack of Awareness and Training 

Many contractors and workers may lack sufficient 

knowledge about recycling processes, leading to 

suboptimal usage of recycled materials. 

Technological Limitations 
Some existing technologies for asphalt recycling may 

be inefficient and need improvement. 

Regulations and Standards 

Rules and regulations concerning asphalt recycling 

may be complex and difficult, sometimes 

preventing the execution of recycling projects. 

Environmental Sustainability 

Concerns regarding environmental impacts from 

recycling processes, such as greenhouse gas 

emissions or soil and water pollution, can 

impede the development of these processes. 

Differences in Chemical Composition 

The chemical composition of old asphalt may differ 

from new types, potentially requiring changes in 

the production process. 

 

4. Conclusion 

Asphalt recycling, as an effective and sustainable solution for road construction and 

maintenance, plays a vital role in reducing environmental impacts. Given the increasing 

population and the growing demand for transportation infrastructure development, the use of 

asphalt recycling methods can help reduce the consumption of natural resources, decrease 
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construction waste production, and mitigate pollution resulting from the extraction of new 

materials. Research indicates that both hot and cold recycling processes, each with their specific 

characteristics and challenges, can help maintain asphalt quality and extend the lifespan of roads  . 

Moreover, considering the importance of conserving natural resources and reducing costs, 

asphalt recycling presents itself as a suitable economic and environmentally friendly option. 

However, to achieve maximum efficiency from this method, there is a need for investment in 

modern technologies, workforce training, and the establishment of appropriate standards. 

Collaboration among government, industry, and universities is essential for the development of 

innovative recycling methods and for enhancing the quality of recycled asphalt . 

Ultimately, in light of the existing challenges and forthcoming opportunities, asphalt recycling 

can serve as a key strategy for sustainable transportation infrastructure development and 

environmental protection. This approach not only aids in improving road quality but also brings 

us closer to achieving sustainable development goals. 
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