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Implementing energy-saving technologies in hot 
asphalt production: a comprehensive review 
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Abstract. This article provides a theoretical calculation of energy-saving 
technology used in the production of hot mix asphalt concrete in an 
energy-intensive drying drum. The main attention is paid to the possibility 
of visual observation of the process using the MATLAB/Simulink 
complex, as well as an adequate assessment of the effectiveness of this 
technology. The article presents calculation models and methods that allow 
optimizing energy consumption in the process of drying asphalt concrete 
mixtures. The mathematical models used make it possible to estimate 
energy costs at each stage of production and suggest ways to reduce them. 
In addition, the proposed approach allows real-time visualization of the 
drying process and adaptation of control parameters to optimize energy 
consumption. In conclusion, this paper provides an important contribution 
to the development of energy-saving technologies in hot mix asphalt 
production. The results of calculations and modeling techniques can be 
used for the practical implementation of energy-saving measures and 
increasing production efficiency. 

1 Introduction 

With the growth of cities and an increase in population in our country, there is a growing 
demand for roads. Hot mix asphalt concrete is the main material for fast and high-quality 
construction of road surfaces on the territory of our Republic. However, due to increasing 
resource consumption and environmental impact, the use of energy efficient technologies in 
road construction and other areas has become critical. 

Scientific research in the field of resource conservation, environmental protection and 
sustainability of road infrastructure is carried out around the world. They are aimed at 
developing energy-efficient asphalt concrete plants and optimizing work processes. The 
efficiency and quality of road construction largely depend on the reliable and efficient 
operation of asphalt concrete plants. 

In order to reduce construction time, improve the quality of work and reduce costs, it is 
necessary to ensure the full and efficient use of all machines and equipment included in 
asphalt concrete plants. Thus, the search and implementation of energy-efficient 
technologies is becoming a key direction in the development of road construction. 
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2 Methods 

The asphalt concrete plants operating in our republic, their technical condition, were 
studied and the sources of energy consumption at asphalt concrete plants were studied and 
analyzed. As a result of the analysis, the drying and mixing drum is the main core of an 
asphalt concrete plant, and the quality of the resulting asphalt depends on the temperature 
of the heated inert material, and the main amount of energy consumed is the contribution of 
the drying and mixing drum. The main technical indicators of the drum include the length, 
diameter, shape of the plates, their location, drum rotation speed and properties of the 
prepared material. At the same time, the change in each parameter was taken into account 
depending on the impact on the quality of the product produced and energy consumption. 

Research and experiments on the efficiency of asphalt concrete plants have been carried 
out by many scientists and researchers in various countries. There are several well-known 
research groups and organizations that are working on this topic: 

The Institute of Road Materials is one of the leading organizations engaged in research 
in the field of road construction and materials. They often conduct experiments and analyze 
the performance of asphalt plants and various production technologies. 

University Research Groups. Many universities around the world have specialized 
laboratories and research groups that focus on road construction and materials. They often 
conduct experiments to optimize asphalt production processes and analyze various aspects 
of asphalt plant operation. 

Industrial Research Centers. Many companies involved in the production of road 
construction equipment also conduct research to improve the efficiency of asphalt concrete 
plants. They develop new technologies and equipment to improve production processes and 
reduce costs. 

Also, in the global scientific community, we studied the work of several scientists, for 
example John Robertson [1, 2, 3], professor of civil and highway engineering at the 
University of Minnesota. He specializes in road engineering research, including asphalt 
concrete production processes and optimization of asphalt plant operations. Matthew 
Witczak is a professor of civil engineering at the University of Iowa [4, 5, 6]. His research 
includes the analysis of road construction materials, including asphalt concrete, and 
methods for improving production processes. Christopher Williams [6, 7, 8, 9] is a 
professor of civil engineering at the University of Nevada, Reno. He is known for his 
research in asphalt materials and technologies, including production processes and 
optimization of asphalt plants 

The resources used in the production of hot mix asphalt in asphalt plants are as follows 
[10, 11, 12, 13, 14]: 

- Energy spent on unloading bitumen from cars or railway cars; 
- Bringing bitumen to working condition (moisture evaporation); 
- Energy spent on heating and converting bitumen to operating temperature during 

asphalt production; 
- Energy spent on drying and heating the inert material; 
- Electrical energy consumed by electric motors. 
The most energy-intensive source is the drying mixing drum. The problem of energy 

consumption in a dry mixing drum can be solved in several ways. 

3 Results and Discussions 

If the problem in a drying and mixing drum can be represented with sufficient accuracy by 
mathematical relationships, then this problem can be solved by constructing a mathematical 
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model. Solving a problem in this way is called the process of mathematical modeling [15, 
16, 17, 18]. 

Simulation of a given task. Expressing the conditions of a mathematical or physical 
problem begins with a description of the initial data and ideas and is expressed in the 
language of clearly defined mathematical or physical concepts, etc. Then the purpose of 
solving the problem is indicated, that is, what or what needs to be determined as a result of 
solving the problem. The study of the influence of hot temperature on an inert material in a 
dry mixing drum begins with the creation of its mathematical model, that is, its main 
characteristics are identified and a mathematical connection is established between them. In 
other words, the essence, signs and indicators of the physical phenomenon being studied are 
expressed in detail using words, and then the necessary mathematical equations are derived 
based on physical laws. 

First, let's look at the analysis of the mathematical expression of heat flow in a dryer. 
 

 
Fig. 1. Schematic representation of heat flow in a dryer drum. 
 

In this case, a stream of hot air flows out of a drum of radius R at a constant speed θ 
(Fig. 1). The outside temperature Toutside is constant and significantly lower than the 
temperature inside the drum. It is known that it serves to heat the temperature of the hot air 
flow. Here T(z, t) is the change in temperature per unit time. 

The function of changing the amount of heat in the drum is expressed as follows: q(z, t), 
[J/m2s]. The thermal energy that will be consumed outside is as follows:  

𝑄𝑄𝑆𝑆 = 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘, [J];                             (1) 
Here k is the thermal conductivity coefficient of the drum wall, [J/Km2s], 𝛥𝛥𝛥𝛥 = 𝑇𝑇 −

𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜, difference between internal and external temperatures, [K]; S is the total surface 
area of the drum, [m2]; 

In addition, the heat balance equation has the following form: 
𝑑𝑑
𝑑𝑑𝑑𝑑 ∫ 𝑇𝑇(𝑧𝑧, 𝑡𝑡)𝜌𝜌𝜌𝜌𝜌𝜌𝑅𝑅2𝛿𝛿𝛿𝛿𝑧𝑧+𝑑𝑑𝑑𝑑

𝑧𝑧 = 𝑞𝑞(𝑧𝑧, 𝑡𝑡)𝜋𝜋𝑅𝑅2 − 𝑞𝑞(𝑧𝑧 + 𝛿𝛿𝛿𝛿, 𝑡𝑡)𝜋𝜋𝑅𝑅2 − 𝑘𝑘(𝑇𝑇 − 𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜)2𝜋𝜋𝜋𝜋𝜋𝜋𝜋𝜋 (2) 

If tends to 0→z , then equation (2) has the form: 
𝜌𝜌с 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑 = − 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 −

2𝑘𝑘
𝑅𝑅 (𝑇𝑇 − 𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜)                           (3) 

If we can mathematically express the amount of heat (q) as a function of temperature 
(T), then the spread of heat is due to convection and diffusion: 

𝑞𝑞 = 𝜐𝜐𝜐𝜐𝜐𝜐𝜐𝜐 − 𝛼𝛼 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑  ;                                      (4) 

Here, if we substitute expression (4) into expression (3), we will create a differential 
heat flow equation with the characteristic property of changing along the z axis: 

𝜌𝜌с 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 + 𝜐𝜐𝜐𝜐𝜐𝜐 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑 = 𝛼𝛼 𝑑𝑑2𝑇𝑇
𝑑𝑑𝑧𝑧2 +

2𝑘𝑘
𝑅𝑅 (𝑇𝑇 − 𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜) ;                 (5) 

here: 
R is drum radius, [m];   
𝜌𝜌is liquid density inside the drum, [kg/m3]; 
𝑐𝑐 is heat capacity of substance, [J/Kkg];  
𝜐𝜐 is inert material velocity, [m/s2]; 𝛼𝛼 is diffusion coefficient, [J/Kkg]; 

If simplified the equation (5) by saying that diffusion does not occur in the air 
distribution in the drum, then the following equation takes the form [1]: 
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𝜌𝜌с 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 + 𝜐𝜐𝜐𝜐𝜐𝜐 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑 +
2𝑘𝑘
𝑅𝑅 (𝑇𝑇 − 𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜) = 0                      (6) 

Mathematical modeling cannot show all the factors that influence the energy 
consumption of a sludge drying and mixing drum. That's why we analyzed the heat 
distribution along one axis to make it look simpler, rather than along three axes. Carrying 
out theoretical calculations using software packages ensures the accuracy of the results and 
also significantly simplifies mathematical operations. We will find a solution to the 
problem by modeling this problem in MATLAB®/Simulink®. 
Using models created in MATLAB®/Simulink®, cases were considered when the thermal 
conductivity of the drum wall is 0.1, 0.15, 0.2. 

 

Fig. 2. Temperature change at K=0.1 
 

At K=0.1 we see that heat is retained in the dryer drum. If we take K = 0.1 in the drying 
drum of currently used asphalt concrete plants, then as a result the heat goes unused 
through the outlet, and not through the walls of the drying drum. At the same time, if you 
change the parameters of the drying drum along the length, K = 0.1 allows you to use more 
thermal energy. Heat must be properly distributed throughout the walls of the dryer drum, 
and the drum blades play a major role in this. If the heat does not escape through the wall, 
the inert material adhering to the walls will be heated through the drum, resulting in energy 
savings. 

If we look at the cases with K=0.15 and K=0.2, we will see that thermal energy quickly 
spreads through the drum into the external environment. 
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Fig. 3. Temperature change at K=0.15 

Fig. 4. Temperature change at K=0.2 
 

The heat transfer process in the drying mixing drum of an asphalt concrete plant through 
the model created in the pdetool section of the MATLAB®/MATLAB® complex has a 
heat transfer coefficient of 0.4; 0.8; 1.2; Let's look at cases where it is equal to 1.4. 
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Fig.5. 3D image of heat flow distribution in the drum 
 

Here: 
In fig. A is K=0.4. 
In fig. B is K=0.8. 
In fig. C is K=1.2 
In fig. D is K=1.4 

4 Conclusions 

From the study it is clear that an increase in the thermal conductivity of the drying drum 
material leads to excessive consumption of thermal energy in the process of producing hot 
asphalt concrete mixture. However, this also provides an opportunity to implement energy 
saving measures. 

By insulating the dryer drum and changing its geometric parameters, such as length, 
significant economic and energy benefits can be achieved. Improving the thermal insulation 
of the dryer drum will reduce heat loss and use heated inert material more efficiently, 
thereby reducing energy consumption. 

Moreover, the ability to mix heated aggregate with bitumen directly in the dryer drum 
demonstrates the potential for further optimization of the production process. This will 
reduce the time and energy costs of moving materials between different production stages. 

0
5

10

0

1

2
0

1000

2000

3000

 
Time=5   Color: T  Height: T

 

500

1000

1500

2000

0
5

10

0

1

2
0

500

1000

1500

2000

 
Time=5   Color: T  Height: T

 

500

1000

1500

0
5

10

0

1

2
0

500

1000

1500

2000

 
Time=5   Color: T  Height: T

 
200

400

600

800

1000

1200

1400

0
5

10

0

1

2
0

500

1000

1500

 
Time=5   Color: T  Height: T

 

200

400

600

800

1000

1200

1400

6

E3S Web of Conferences 538, 01029 (2024)	 https://doi.org/10.1051/e3sconf/202453801029
IPFA 2024

RETRACTED



Thus, the implementation of the proposed recommendations for improving the energy 
efficiency of the drying drum represents a promising direction for improving the process of 
producing hot mix asphalt concrete. This not only helps save resources, but also helps 
reduce the negative impact on the environment, which is an important aspect in modern 
construction. 
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