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Abstract: Environmental safety related to asphalt mixing plants has been a 
growing concern due to the high temperature of asphalt mixture 
production resulting in a lot of energy used and much air pollutants 
released. Asphalt mixtures with foamed bitumen and RAP can reduce 
this problem. This paper deals with their functional and environmental 
effects. In the paper, it was introduced that the hot mix asphalt mixtures 
bound by foamed bitumen and containing RAP materials provides a 
good workability, in comparison to “traditional” hot mix asphalt 
mixtures. However, producing foamed bitumen needs special 
technological steps before using it as asphalt binder. The use of RAP 
materials reduces environmental harm and construction costs, besides 
it preserves the limited resources of stone, sand and gravel. 

Keywords: foamed bitumen; RAP; warm asphalt mix; environmental harm; asphalt 
functional properties 

1. Introduction 
Changes in the environment and its continuous degradation are among the most 

important problems in the modern world due to extremely dangerous compounds 
that pollute the environment such as: carbon dioxide (CO2) which has a greenhouse 
effect, carbon monoxide (CO), sulphur dioxide (SO2) and nitrogen oxide (NOX), 
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which causes excess acidity in the environment [1]. Hot asphalt mixing plants have 
a large contribution to these emissions because they require heating the asphalt to 
high temperatures ranging between 140 and 200oC to ensure the best coating with 
aggregates during production HMA, in addition to heating the stones to a high degree 
[2]. 

On the other hand, high temperatures require use of much energy and lead to high 
emissions of dangerous gases (CO2, SO2, NOx) with dust scattering in the 
atmosphere (Fig. 1) [3], which threatens the environment and workers' health. In 
order to mitigate these harmful effects, modern asphalt technology concentrates on 
the use of eco- friendly technologies [4]. Several techniques were developed that led 
to a significant decrease in temperature (Fig. 2) and the emission of harmful 
compounds [5]. 

 

 
Figure 1. Emissions of mixing plant pollutants [3] 

Many countries seek to spend money on new construction methods instead of 
spending on maintenance and rehabilitation due to the convergence of their costs in 
a large proportion, so they must find feasible alternatives [6]. Foamed bitumen was 
found to be the best alternative because of the following reasons: 

• In pavements with “unfoamed” bitumen, the damage increases twice when 
the load is increased by 20%, while in the pavements with foamed bitumen 
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binder the damage does not increase more than twice as a consequence of 
20% increase in load [7]. 

• Foamed bitumen has a higher resistance to fatigue in wet conditions 
compared to that of bituminous emulsions and mixes [8]. 

  

 
Figure 2. Heating needs of various asphalt mixture types [8] 

Foamed bitumen is suitable for pavement repair that has been repeatedly patched; 
and it can offer a durable solution for pavement sections with large and 
uncontrollable overloading. There are some other important advantages: increase in 
granular shear resistance, favourable fatigue resistance, low moisture content 
compared to bituminous emulsion, good resistance to extreme weather (e.g. heavy 
rain) effects, fastest way of pavement rehabilitation due to ease of application, speed 
and compatibility with a wide range of species [9]. 

2. Application areas of foamed bitumen  
Foamed bitumen is used mainly as the binder of a warm or a cold asphalt mixture. 

2.1. Warm asphalt mixes 

The development of warm mix asphalt when producing asphalt led to the 
significant reduction of carbon footprint, coming from its rather low mixing 
temperature between 100 and 140°C [10]. The water is heated above 100°C in the 
hot bitumen so some of it evaporates resulting a mixture of steam, water and 
bitumen, which is then mixed with the aggregate at low temperature. This foaming 
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enables the aggregates to be coated by the bitumen at a lower temperature as shown 
in Fig. 3 [11]. 

 

 
Figure 3. Environmental difference between the production of HMA or WMA 

[11] 

The quantity of water used amounts to 1.2-2.0% of bitumen weight, which is 
controlled by a flow meter [10].  

The main benefits of producing warm mix asphalt compared to traditional hot one 
are as follows: 

• Lower manufacturing costs 
• Less fuel consumption 
• Reducing carbon dioxide emissions into the atmosphere 
• Reducing harmful vapour and smell in the asphalt mixing plant 
• Reducing harmful vapour and smell at the paving site (Fig. 4), thus 

providing a safer working environment for pavers [12]. 

• The major advantage of using warm mix asphalts is the significant 
reduction in emissions, every 11oC reduction in mixing temperature halves the 
emissions entering the atmosphere [13]. It is also an important fact that any HMA 
production plant can be used to produce WMA, as well [14]. Table 1 presents the 
production of warm mix asphalt in some selected countries in the period 2013-2019 
[15]. 
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Figure 4. Environmental difference between the laying of HMA and WMA [12] 

 
Table 1. Production of warm mix asphalt in some selected countries in the period 

2013-2019 [15] 
 

Country 
Warm (100-150oC) asphalt mixture 

production (million tons) in year 
2013 2015 2017 2018 2019 

Czech Republic 0.03 0.02 0.07 0.08 0.00 
Denmark 0.12 0.20 0.34 0.33 0.32 
Finland 0.00 0.24 0.43 0.31 0.20 
France 3.55 4.55 3.82 3.73 4.31 

Hungary 0.02 0.07 0.21 0.00 0.18 
Netherlands 0.06 0.10 0.06 0.79 0.79 

Spain 0.09 0.14 0.20 0.18 0.38 
USA 69.00 109.00 137.00 143.00 72.00 

2.2. Cold asphalt mixes 

Cold asphalt mixing plants (Fig. 5) are becoming more and more widely used in a 
lot of countries for producing road base material. 
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Figure 5. Cold asphalt mixing plant [16] 

The initial, operating and maintenance costs of this kind of plant are low, because 
there is no heating or dust collection; so the unit cost of cold asphalt mix is much 
below that of HMA. However, it is an important requirement that pre-graded, single 
size aggregates must be used for the production of high quality cold asphalt material 
[16]. 

As a binder of cold mix asphalt mixtures produced in these kinds of plants either 
foamed bitumen or bituminous emulsion is used, 

The benefits of cold mix plants are as follows [17]: 
• Low initial cost of equipment  
• Low maintenance and operating costs 
• Low unit cost of cold asphalt mixture produced 
• Minimizing the environmental impact since no aggregate heating and 

drying are needed 
• Ease of achieving high capabilities 
• No waste materials 
• RAP can be also used. 

Table 2 presents the production of cold mix asphalt in some selected countries in 
the period 2011-2019 [15]. 
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Table 2. Production of cold mix asphalt in some selected countries in the period 
2011-2019[15] 

 
Country 

Cold (below 50oC), asphalt mixture production 
(thousand tons) in the year 

2011 2013 2015 2017 2019 

Czech 
Republic 

9.9 9.6 5.4 4.0 6.0 

France 1,600.0 1,550.0 1,808.0 1,977.0 1,672.0 
Hungary 40.0 58.8 60.0 50.0 60.0 
Slovakia 3.0 0.0 1.0 1.0 3.0 

Spain 200.0 86.7 94.0 80.0 110.0 
Turkey 1,020.0 1,050.0 783.0 1,048.0 905.0 

3. Usages RAP material  
When using cold and warm bitumen mixtures, there is a possibility not only to 

reduce the energy needed but also less new aggregate is necessary if RAP materials 
are applied in a “conventional” or a foamed bitumen asphalt mixture. The following 
asphalt mixing plant types could be suitable for the use of reclaimed asphalt 
pavement material. 

3.1. Drum mix plant 

In a drum mix plant, 15-20% of RAP can be added by an enforcement mounted 
around the rotating cylinder at the start of the mixing zone. Diameters of RAP grain 
sizes should be less than 30mm. It is fed into a hopper that is a ramp through a 
variable speed feeder, and onto a RAP conveyor belt [18]. 

The new aggregates are heated in the drying and heating section, then the RAP is 
mixed with the new aggregates, the filler and the bitumen are in the mixing section 
[19]. The percentage of RAP is limited due to the production of fumes or blue smoke 
when the RAP is mixed with the superheated new aggregates. 

3.2. Counter flow drum mix plants 

In a counter flow drum mix plant, max. 60% RAP materials with diameters not 
exceeding 30mm can be used. The reclaimed material is fed into the rotating drum 
through a collar wrapped around the drum, then the aggregate is heated to a high 
temperature to allow heat transfer to the RAP, and removing any moisture present 
in the RAP, then the combined mixture is heated. RAP fumes are extracted by a fan 
[20]. 
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Table 3 presents the total quantity and application shares of RAP materials in some 
European countries in 2019 [15]. 

 

Table 3. The total quantities and application shares of RAP materials in some 
European countries in 2019 [15] 

Country All 
available 

RAP 
(million 

tons) 

% of RAP used in 
hot 
and 

warm 
asphalt 

on-site 
cold 

asphalt 

plant 
cold 

asphalt 

Belgium 1.64 79 0 0 
Croatia 0.21 35 2.5 no data 
Czech 

Republic 
2.80 14 25 0 

Finland 1.50 100 0 0 
Germany 13.40 82 0 0 
Hungary 0.15 98 1 1 
Norway 1.17 28 0 1 

Romania  0.61 0 5 0 
Slovakia 0.16 40 48 0 
Slovenia 0.15 23 10 0 

Spain 1.49 0.1 1 6 

4. Laboratory tests on RAP materials and foamed bitumen 
A laboratory test series was carried out to determine the influence of various RAP-

content and the use of foamed bitumen binder on the Marshall-stability value of 
asphalt mixtures [21]. Some of the test results will be presented.  

4.1. Aggregates  

In the test series, five mixture types with different RAP materials percentage in 
aggregate were used, as follows: 

• Type (A) - 100% new aggregate. 

•  Type (B) - 75% new aggregate + 25% RAP. 

• Type (C) - 50% new aggregate + 50% RAP. 
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• Type (D) - 25% new aggregate + 75% RAP. 

• Type (E) - 100% RAP. 

All of the aggregate variants had been pre-calibrated according to standard test 
methods for particle size distribution as shown in Fig. 6, before they were used to 
produce “conventional” HMA mixtures and foamed bitumen mixtures. 

 

Figure 6. Gradation limits for checking aggregate variants [21] 

4.2. Bituminous binder 

The bitumen used as binder in producing HMA and foam bitumen asphalt mixtures 
had the characteristics are shown in Table 4. 

 
Table 4. Characteristics of test bitumen 

Laboratory test Before loss of heating test After loss of heating test 
Penetration (0.1 mm) 66 51 
Softening point (°C) 49 53 

Ductility (cm) 153 112 
Loss of heating (%) 0.2 0.2 
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4.2.1.“Conventional” hot mix asphalt (HMA) mixtures  

The HMA mixtures were produced using 5% by weight bitumen as binder. The 
specimens for stability measurement were made by Marshall-method, in a 
cylindrical mold with a diameter of 4 inches (about 100mm) and a height of 2.5 
inches (about 63mm) –. The samples were stacked inside the mold with a hammer 
weighing 10 pounds (about 4.5 kg) freely falling from a height of 18 inches (about 
450mm), where the sample is stacked on both sides by 75 blows. 

Fig. 7 presents the Marshall-stability (an important performance prediction 
measure) results, while Fig. 8 shows the VFb (voids filled with bitumen) results of 
the 5 HMA variants listed in point 4.1. 

 

 

Figure 7. Marshall-stability results (kg) of 5 HMA variants 

 

 

Figure 8. VFb (voids filled with bitumen) results (vol%) of 5 HMA variants 

4.2.2. Foamed bitumen bound asphalt mixtures 

The foamed bitumen bound asphalt mixtures were produced using 2.5% by weight 
foamed bitumen as binder.  
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Fig. 9 presents the Marshall-stability results of the 5 foamed bitumen asphalt 
variants listed in point 4.1. 

 

 
Figure 9. Marshall-stability (kg) results of 5 foamed bitumen asphalt variants 

5. Discussion 
Fig. 10 shows that the chosen gradation limits were away from the restricted zone 

[22], thus, the dust proportion values would not effect on the mixture. Several studies 
state that the restricted zone has a considerable negative effect on the rutting 
performance of asphalt mixtures [23]. 

 

 
Figure 10. Gradation outside the restricted zone 

Fig. 7 shows that the Marshall-stability values decrease with increasing RAP 
materials share, because the residual bitumen in the reclaimed asphalt pavement 
increases the Marshall-flow value in the mixture resulting lower cohesion, thus 
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dissociation takes place in the asphalt mixture reducing its stability. Fig. 8 illustrates 
that voids filled with bitumen are increased with higher RAP-share. This tendency 
can be explained by the residual bitumen in the reclaimed asphalt pavement that 
increases the quantity of bitumen in the mixture. Consequently, the total asphalt 
binder would be unable to hold aggregate in place – segregation of the mix during 
construction could occur – resulting in too low in-place density. 

Fig. 11 presents that the Marshall-stability values are considerably increased due 
to fact that the asphalt mixture is made at lower temperatures, so the residual bitumen 
in the RAP increases the hardness of the asphalt mixture. In addition to it, the 
aggregate grains covered with bitumen provide a suitable surface for sticking to the 
foam at ambient temperature resulting a rather stable mixture. It can be quantified in 
the relatively high Marshall-stability values measured. 

 
Figure 11. Comparison of the Marshall-stability values of HMA and foamed 

asphalt mixture 
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6. Concluding remarks 

Environmental safety related to asphalt mixing plants has been a growing 
concern due to the high temperature of asphalt mixture production resulting in a lot 
of energy used and much air pollutants released. That is why many research works 
have been concentrated on the reduction of asphalt mixing temperature by using 
warm, half-warm and cold mixtures all over the world. One of the most successful 
relevant research directions is the application of foamed bitumen as a binder of 
asphalt mixture, besides an important environment-friendly research area is the use 
of RAP (reclaimed asphalt pavement materials) in new asphalt mixtures. 

In this paper, it was introduced that the hot mix asphalt mixtures bound by foamed 
bitumen and containing RAP materials provides a good workability, in comparison 
to “conventional” hot mix asphalt mixtures. However, producing foamed bitumen 
needs special technological steps before using it as asphalt binder. Nevertheless, the 
use of RAP materials in a new asphalt mixture has several economic-ecological 
advantages, among others, reduction in the construction costs; much lower 
greenhouse gas emissions by eliminating the significant fuel consumption required 
to acquire and process raw materials for “virgin” mix; preservation of the limited 
resources of stone, sand and gravel; ensuring at least as high quality as the 
“conventional” asphalt mixture has. The results of a laboratory test series showed in 
the point 4 of present paper prove that adding RAP materials in a growing proportion 
increases the Marshall-stability value (an important performance prediction 
measure) of the mixture. The continuation of the research work mentioned would 
concentrate on the development of a performance optimizing mathematical model 
for the clarification of the relationship between the variables of bitumen foaming 
process. 
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